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Abstract 

The grasses are one of the largest and most diverse families within the angiosperms and 

make up to 70% of all crops grown. Domestication of wild ancestors of the major cereals 

involved artificial selection of agronomically important traits like tillering. Plant architecture 

in the grasses is influenced by the initiation and outgrowth of axillary meristems that 

determine the number of reproductive organs formed. Inflorescence architecture has also 

been a major selection trait in human domestication of cereal crops and is determined by a 

complex genetic network of meristematic transcription factors. The RWP-RK transcription 

factors are a family of developmental regulators that are tightly expressed in reproductive 

tissue and are implicated in early embryogenesis across the plant kingdom. We’ve found that 

ectopic expression of zygotic the RWP-RK genes TaRKD1-7D and OsRKD3 leads to 

increased tiller number, inflorescence size and seed weight in wheat and rice respectively. 

Interestingly, we also see greater increases of these traits in conditions of lower nitrogen 

availability. Through extensive bioinformatics analysis we hypothesise that ectopic 

expression of these transcription factors upregulates pluripotency factors, specifically cell 

cycle regulators, histones, histone methylation factors and meristem determinacy genes like 

trehalose phosphate synthases. This increases meristem formation and indeterminacy by 

creating and maintaining stem cell niches that determine plant architecture. This is a novel 

strategy for manipulating yield determining traits across a range of cultivars and cereal crop 

species.
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Chapter 1  

 

Introduction 

1.1 The state of food security in the 21st century 

Food security poses itself as one of the biggest challenges of the 21st century with the 

global human population set to grow to 9.7 billion by 2050, peaking at 11 billion 

people by the turn of the century (Figure 1.1) (United Nations Population division, 

2019). To feed the global population, in line with the goals of the Millennium 

declaration, agricultural output will need to increase by 60-110% while using the same 

if not less arable land and maintaining nutritional quality (Ray et al., 2013). Achieving 

this monumental task in the wake of climate change will require the development of 

improved crop varieties, effective irrigation systems, increased nutrient use efficiency 

while conserving biodiversity and soil properties.  

The Intergovernmental Panel on Climate Change’s (IPCC) 2014 report remarked that 

the world may reach “a threshold of global warming beyond which current agricultural 

practices can no longer support large human civilizations” by the middle of 21st 

century. The IPCC’s Third Assessment Report published in 2001 concluded that 

developing countries would be the worst-hit by climate change with reductions in crop 

yield predominantly happening in tropical and sub-tropical countries due to increased 

pest incidence and limited water availability. The threat of global warming via 

greenhouse gas emissions also raises the need to consider new approaches to sequester 

carbon to offset some of the worst impacts of climate change. Re-wilding agricultural  
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Figure 1.1. Global human population data and projections from years 1700-2100. Total 
population is the area of under the green curve. Recorded data are shown in dark green while 
projections are in light green. The pink line shows annual population growth. Visualisation 
taken from OurWorldinData.org (2019 Revision)  

 

land to rainforest or woodlands has the potential to significantly counter climate 

change and biodiversity loss through carbon sequestration will require increased yields 

to free up land. Soil carbon storage has also been suggested as a land management 

practice to increase carbon sequestration and prevent the release of CO2 from 

agricultural soil by using cover crops, reducing tillage and erosion control. 

Agricultural malpractice has also been linked to a 33% decline in the amount of arable 

land over the last 40 years due to intensive farming resulting in soil erosion and 

eutrophication (Benke and Tomkins, 2017). Vertical farming has been suggested as a 

solution to improving food production amid climate change as its estimate to use 70-

95% less water and ~90% less land than conventional methods of farming. However, 
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vertical farming is unlikely to replace staple crops any time soon due to the prohibitive 

initial cost of building a vertical farm, hydroponics equipment required and to be 

maintained to provide the food that would be needed to feed the growing population.  

Food insecurity has previously been described by the Food and Agriculture 

Organisation (FAO) as ‘a situation that exists when people lack secure access to 

sufficient amounts of safe and nutritious food for normal growth and development and 

an active and healthy lifestyle’. Logistical and economic disruption to the food system 

due to the Covid-19 pandemic has significantly affected those in developing countries 

closest to the breadline (The World Bank, 2020) but pales in comparison to the 

disruption to the effects of climate change. In 2020/2021 Ethiopia has been affected 

by the worst locust infestation of 25 years, destroying the livelihoods of thousands of 

farmers while 20 million acres of Australian land has been burned with an estimated 

loss of 100,000 livestock and an innumerable number of crops. This trend is set to go 

on until we develop effective solutions to climate change and how it will affect food 

security. 

 

1.2. Role of the grasses in food security  

Grasses play a major economic and dietary role with cereals such as Triticum aestivum 

(Wheat), Hordeum vulgare (Barley), Oryza sativa (Rice), Saccharum officinarum 

(Sugarcane), Sorghum bicolor (Sorghum) and Zea mays (Maize) providing over 51% 

of our total calorific intake through direct consumption, excluding domestic animals 

that are raised partially or wholly on cereals, while other species like Bambusa 

vulgarisas (bamboo) and Panicum virgatum (switchgrass) contribute to the forestry 

and biofuel sectors (FAOSTAT, 2018). Grasses make up to 70% of all crops grown 
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and will need drastic increases in annual yields to feed a growing population while 

maintaining nutritional value to tackle food insecurity in the 21st century (FAOSTAT 

2018). Climate change poses a particular challenge to cereal production with a 1℃ 

increase in temperature during wheat cultivation projected to reduce yields by 3-10% 

(Figure 1.2) (Yu et al., 2009). Cultivating less resource intensive and drought tolerant 

cereal crops like millet might be a long-term solution to increasing yields in a changing 

climate with less land. Recently it has been shown that millet cultivation also releases 

fewer greenhouse gas emissions (897 kg C ha− 1) than conventional cereal crops such 

as rice (956 kg C ha−1) and wheat (1042 kg C ha−1) (Jain et al., 2016). The widespread 

adaptability, extensive germplasm, and culinary integration of the big three (maize, 

rice, and wheat) however, means that these crops will be a staple of human civilization 

for the foreseeable future, particularly amidst climate change. 

 

 

Figure 1.2. Projected wheat yields to 2050. Crop Environment Resource Synthesis wheat 
crop model based on past climate data and Hadley Centre Global Environment Model version 
2 projections for 2050, assuming fertilizer, water management are same in both periods. Image 
taken from International Food Policy Research Institute (IFPRI). 
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1.3 Phylogeny and Characterisation of the Grasses 

The grasses (Poaceae) are a family of monocotyledonous flowering plants that are 

distinguished by their ecological dominance with over 12,000 species covering 

between 20-40% of the earth’s land mass (Clayton and Renvoize, 1986; Watson and 

Dallwitz, 1999; Shantz 1954). Major evolutionary changes in grass physiology can be 

deduced by comparing them to other monocotyledonous outgroups such as lilies, 

orchids, palms, and pineapples. Members of these outgroups show relatively 

undifferentiated embryos with seed maturation beginning after the formation of the 

shoot apical meristem (SAM).  The cotyledon, leaves, root apical meristem (RAM) 

and vasculature typically differentiate after abscission, however in the grasses this 

development is accelerated relative to its outgroups (Kellogg, 2000).  

 

Fruit structure also differs significantly between the grasses and their outgroups with 

most monocotyledons fusing three carpels to produce an ovary where each carpel has 

one locule and one ovule (Kellogg and Linder, 1995). Two of the three carpels abort 

during the formation of the grass ovary. This distinctive fruit of the grasses, known as 

the grain, is fully formed when the inner ovary wall fuses to the outer integument 

(Figure 1.3) (Dahlgren et al., 1985).  The grasses can be divided into two major 

phylogenetic clades; the BEP (Bambusoideae, Ehrhartoideae (formerly Oryzoideae) 

and Pooideae) clade and the PACMAD (Panicoideae, Arundinoideae, Chloridoideae, 

Micrairoideae, Aristidoideae and Danthonioideae) clade (Figure 1.4).  
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Figure 1.3. Grass grain and embryo anatomy. (A) Maize grain stained with toluidine blue 
to highlight areas of actively dividing cells, highlighting main anatomical structures of the 
grain. (B) Maize embryo from A magnified to highlight more intricate structures of the 
embryo. Images adapted from Fig 22-8b Biology of Plants, Seventh Edition 2005. 

 

 

Figure 1.4. Phylogeny of the grasses. Phylogenetic tree showing sub-familial and inter-tribal 
relationships. White nodes indicate weak support, grey nodes indicate moderate support, and 
black nodes indicate strong support. Tree adapted from Bouchenak-Khelladi et al., 2008. 
Tribes with important cereal crops are highlighted with arrows and BEP and PACMAD clades 
are highlighted with brackets. 
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One distinct characteristic separating these two phylogenetic groups is the evolution 

of C4 photosynthesis. It is estimated that C4 photosynthesis has evolved between 4-

10 times in the PACMAD clade, while all members in the BEP clade have been shown 

to use C3 photosynthesis only (Kellogg, 2000; Edwards and Smith, 2010). This carbon 

fixation process provides an evolutionary advantage compared to conventional C3 

photosynthesis by concentrating CO2 at the site of carboxylation in the modified 

bundle sheath which provides more tolerance to drought, high temperatures and carbon 

or nitrogen limitation (Sage and Monsor, 1999). The C4 Rice Centre has been 

attempting to improve photosynthetic efficiency in C3 rice (Oryza sativa L.) for many 

years by engineering a partial biochemical pathway for C4 photosynthesis pathway 

(Lin et al., 2020). This has shown some promising developments and may prove to be 

an effective breeding strategy for creating varieties of rice that are more drought and 

heat tolerant and require less nutrient inputs.  

 

Distinct patterns of vegetative and inflorescence architecture aren’t as clear between 

these clades due to the large variation and species number inherent in the grass family. 

Early domestication of shoot architecture in both clades involved the selection one 

main stem in PACMAD cereals like maize, sorghum and sugarcane or fewer basal 

tillers in modern bread wheat compared to its wild progenitor Aegilops tauschii 

(Doebley et al., 1997). However, during the third agricultural revolution, members of 

the BEP clade such as rice and wheat were selected for higher tiller number and semi-

dwarf phenotypes to improve yield (Khush et al., 2001). This represents a distinct 

difference in modern breeding programs between these clades with increased tiller 

number being a favourable agronomic traits in BEP clade breeding programs with 
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notable exceptions like uniculm barley in boreal climates where growth seasons are 

shorter. (Mäkelä and Muurinen, 2012),  

 

1.4. Wheat domestication 

Plant domestication can be defined as an evolutionary process that occurs through 

artificial selection for beneficial agronomic traits such as vegetative or inflorescence 

architecture compared to their wild progenitors. T. aestivum is an allohexaploid with 

a large, complex, and repetitive genome of around 17Gbp. The first cultivation of 

wheat happened around the Neolithic revolution (~10,000 years ago) in the south-east 

of Turkey with T. monococcum subsp. boeoticum (einkorn - AA) and T. turgidum 

subsp. dicoccoides (wild emmer - AABB) species (Heun et al., 1997; Nesbitt, 1998). 

Breeding land races from wild varieties involved the selection of mutations implicated 

in spike morphology traits such as brittle rachis (Br), the Q locus and tenacious glume  

 

Figure 1.5. Bread wheat evolution and spike domestication. (A) Evolution of bread wheat 
from three wild wheat progenitors. (B) Phenotypes of domestication three domestication loci 
(brittle rachis – br, Q locus - Q, and tenacious glume – tg) in bread wheat progenitors and 
modern bread wheat. Image A taken from https://www.cerealsdb.uk.net. Image B taken from 
Dubcovsky and Dvorak 2007.  

A B
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 (Tg) that gave a naked free-threshing and non-brittle character to spikes and grains to 

allow for easier harvesting (Figure 1.5) (Jantasuriyarat et al., 2004; Simons et al., 2006; 

Nalam et al., 2006; Dubcovsky and Dvorak, 2007). Emmer wheat (AABB) is the result 

a hybridisation event between einkorn wheat (AA) and a non-cultivated extinct wild 

progenitor (BB). As cultivation spread to the near east ~9000 years ago a second 

hybridisation event occurred between domesticated emmer wheat (AABB) and a wild 

goat grass Aegolips tauschii (DD) to make the bread wheat T. aestivum (AABBDD) 

(Feldman et al., 2001).  

 

Genetic diversity in land races has significantly contributed to wheat’s adaptability 

and high yields in a multitude of environments worldwide with the International 

Center for Agricultural Research in the Dry Areas (ICARDA) holding around 880,000 

seed samples in Svalbard despite recent disruption due to the Syrian civil war 

(Westengen et al., 2020). The 30,000 varieties of wheat that have been bred are grown 

on more land area (220.4 million hectares) than any other food crop in the world with 

an estimated 95% of this being bread wheat (AABBDD) and 5% being Triticum 

turgidum subsp. durum (AABB), another subspecies of tetraploid wheat primarily 

used in pasta production and suited to the drier climate of the Mediterranean 

(FAOSTAT, 2014).  

 

1.5. Rice domestication 

Oryza sativa L. is a diploid with a smaller less repetitive genome around 389Mbp that 

has undergone multiple selective sweeps in its domestication from its wild rice 
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progenitor O. rufipogon. Phylogenetic evidence has suggested that the two main 

subspecies of cultivated rice japonica and indica has arisen from a single 

domestication event from wild rice (Cheng et al., 2003; Londo et al., 2006). Indica 

rice tends to grow in tropical or subtropical lower latitude or altitude environments 

while japonica rice mainly grows in temperate higher latitude or altitude 

environments.  Phylogenetic analysis of 446 O. rufipogon accessions and 1083 O. 

sativa varieties have shown that japonica was domesticated from the Or-I wild 

subpopulation near the middle area of the Pearl River in Southern China, while indica 

was derived from the Or-IIIa subpopulation and then introgressed with domestication 

alleles from japonica for key agronomic traits (Figure 1.6) (Huang et al., 2012). Highly 

differentiated loci between these two subspecies included OsSOC1 and Ghd7 

(flowering time), qCTS12 (cold tolerance) and DPL2 (hybrid incompatibility) (Tadege 

et al., 2003; Andaya and Tai, 2006; Xue et al., 2008; Mizuta et al., 2010).  

 

Figure 1.6. Two models for rice domestication. (A) Phylogenetic tree of 446 O. rufipogon 
accessions and 1,083 O. sativa varieties calculated from 8 million SNPs (O. rufipogon = Or-
I, Or-II and Or-III and O. sativa = indica and japonica). (B) Illustration of genetic diversity 
and population differentiation in O. rufipogon and O. sativa. The size of the circles represents 
the level of genetic diversity of the groups, and the fixation index values between the groups 
are indicated. (C) Scheme of multiple independent domestication events hypothesis showing 
how three separate domestication events gave rise to the O. sativa subspecies aus, indica and 
japonica, and other modern rice varieties. 

 

A B C

Multiple independent domestication events
(Civán et al., 2015)

Single domestication event
(Huang et al., 2012)
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Some dispute this model of domestication, pointing out that archaeological evidence 

supports as many as three independent domestication origins of cultivated rice for the 

japonica, indica and aus subspecies (Civán et al., 2015). However, domestication 

sweeps identified by the latter study to support this model did not include well-

characterised domestication genes like An-1 (awn development number, grain size and 

grain number), bh4 (grain colouration and seed shattering) and OsC1 (anthocyanin 

accumulation) while the former included them suggesting technical flaws in the latter 

(Saitoh et al., 2004; Zhu et al., 2011; Luo et al., 2013). A summary of both theories 

can be found in Figure 1.6. Rice domestication events have also taken place in Africa 

and South America with O. glabberima being domesticated from O. barthii in West 

Africa around 3000 years ago and Oryza sp. (unnamed rice species) being 

domesticated from one or both endemic amazon species O. glumaepatula and O. 

latifolia (Wang et al., 2014; Hilbert et al., 2017). Rice today is grown predominantly 

in Asia with China and India contributing to 49% of global rice production, making it 

a staple crop for many, contributing to around 20% of the world’s calorific intake 

(FAOSTAT, 2020). It is estimated there are 132,000 accessions stored at the 

International Rice Gene Bank for safeguarding biodiversity to ensure new varieties 

can bred to match food security challenges in a changing climate. 

 

1.6. Tiller number – a grass domestication trait  

Domestication of grasses for human agriculture involved the selection of major traits 

in vegetative architecture such as the pattern and timing of branching and inflorescence 

architecture like grain size. Evolutionarily important genes in tillering have been 

identified through crosses between the apically dominant maize (Zea mays spp. mays) 

and its branched wild ancestor teosinte (Zea mays ssp. parviglumis). Complementation 
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tests between these two species of maize identified the gene TEOSINTE BRANCHED 

1 (TB1) which restricts the outgrowth of AXMs and facilitated the domestication of 

teosinte through selection of locus with a distal enhancer that increases TB1 expression 

in cultivated maize (Doebley et al., 1995; Doebley et al., 1997; Studer et al., 2011). 

Similarly, the GRASSY TILLERS 1 (GT1) maps to the same quantitive trait locus 

(QTL) as TB1 and has been shown to promote lateral bud dormancy and suppress 

elongation of lateral branches through mediating the shade avoidance response 

(Whipple et al., 2011). This auxin-regulated process results in high apical growth to 

ensure the plant can rise above the surrounding canopy resulting in AXM repression.  

 

Overexpression of ZmTB1 in wheat has also been shown to suppress AXM outgrowth 

and tiller number suggesting that the genetic architecture of tillering is highly 

conserved amongst the grasses (Lewis et al., 2008). However, high expression alleles 

of TaTB1 promote a supernumerary-spikelet trait known as paired spikelets through 

interaction FLOWERING LOCUS T 1 (FT1), showing that TaTB1 also has a role in 

spikelet formation (Dixon et al., 2018).  This may suggest that while the AXM and IM 

share some genetic architecture, they show distinct regulatory pathways with some 

plant architecture transcription factors showing different roles depending on the 

meristem context. The evolution of apical dominance in maize through TB1 

upregulation exemplifies how members of the PACMAD clade have been 

domesticated for one main stem that focuses nutrients for the vigour of one 

inflorescence by suppressing the outgrowth of AXMs, but that these morphogenic 

regulators and their targets are highly evolutionarily conserved.  
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Domestication of the BEP clade also involved selection of less basal tillers compared 

to their wild ancestors. However, following the green revolution many varieties were 

introgressed with alleles for higher tiller number semi dwarf ideotypes to improve 

nitrogen response and yield which involved the selection of multiple loci controlling 

this complex process. Master regulators of tiller development in the pooid and 

erhartoid cereals have been identified and extensively studied to determine how they 

initiate and promote the outgrowth of AXMs. This makes tillering an important 

selection target for breeders to determine shoot architecture, plant biomass and grain 

production in the grasses (Sreenivaasulu and Schnurbusch, 2012). Branching pattern 

and timing is orchestrated by the actions of apical meristems and AXMs that can be 

characterised by three distinct developmental stages; AXM initiation, bud 

development and tiller outgrowth (Schmitz and Theres, 2005). Tillering has been 

widely studied to investigate the genes, phytohormones and environmental conditions 

that control the various stages of tiller development that regulate the balance between 

tiller number and vigour. Tillers share many characteristics with lateral branches in 

eudicots however, they differ in that they grow adventitious roots independently from 

the primary shoot. Each tiller has the potential to form a grain-bearing inflorescence 

but needs to be tempered with resource availability as unproductive tillers waste 

valuable nutrients.  

 

High tiller number semi-dwarf varieties of wheat and rice increased crop productivity 

worldwide during the green revolution through introgression of the Reduced height 

mutant alleles Rht-B1b and Rht-D1b. Both Rht-B1 and Rht-D1 encode DELLA 

proteins which have been shown to inhibit GA-responsive growth by competitively 

binding to GA regulated genes. The Rht-B1b and Rht-D1b mutant alleles have a 
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truncated N-terminal domain which has been hypothesized to make them less sensitive 

to GA mediated ubiquitination and subsequent degradation relative to their wild type 

alleles (Peng et al., 1999). Introducing either allele to wheat cultivars has been shown 

to decrease overall plant height by ~20% and increases seed yield by 5-10% through 

GA insensitivity (Allan et al., 1959; Hoogendoorn et al., 1990; Flintham et al., 1997b). 

This phenotype is highly dependent on environmental conditions however, Rht-B1b 

show no increase in productive tiller numbers at lower plant spacings suggesting that 

this strategy has limitations and is not applicable to all breeding programs (Jobson et 

al., 2019).  

 

Ideotype breeding for shorter plants with higher productive tiller number showed 

improved nitrogen response and harvest index overall in wheat (Khush, 2003). Tillers 

that grow late in the season may not form an inflorescence, lowering harvest index, 

showing that a balance is necessary between tiller number and vigour in crop breeding 

programs. Around 70% of modern wheat cultivars have introgressed at least one of the 

Rht mutant alleles making tiller number one of the most significant selection traits of 

recent agricultural history (Evans, 1999). Rht introgression must be done in context of 

wider breeding programme though, as it has been reported that Rht introgressed lines 

show reduced drought and heat tolerance due to decreased seedling emergence 

(Flintham et al., 1997b). Additionally, these high tiller number ideotypes can be prone 

to lodging, bending of stems reducing crop height uniformity for harvest, under high 

water and nitrogen conditions (Hedden, 2003).  
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1.7 Genetic architecture of tillering 

Tillering is controlled by a suite of genes, hormones, and environmental conditions. 

The LATERAL SUPRESSOR (LS) gene, a member of the VHIID gene family, initially 

described in the dicot Lycopersicon esculentum (Tomato) is integral for the formation 

and maintenance of meristematic potential in axillary buds (Schumacher et al., 1999). 

Loss of function mutations of its rice ortholog MONOCULM 1 (MOC1) results in only 

one main stem developing while overexpression has been shown to increase tiller 

number suggesting that this MOC1 is an evolutionarily conserved AXM regulator 

between monocots and dicots (Li et al., 2003). The TaMOC1-7A HapH haplotype in 

hexaploid wheat, a favoured allele acquired during polyploidisation, suggests a novel 

role for TaMOC1 with higher expression of TaMOC1-7A in this haplotype not 

affecting height (a correlate of higher tiller number) but increases spikelet number per 

spike (SNS) suggesting it controls inflorescence architecture as opposed to vegetative 

architecture suggesting that meristematic factors can influence both vegetative and 

inflorescence architecture patterns in cereals (Zhang et al., 2015).  

 

Further evidence of this comes from the WUSCHEL (WUS) ortholog TILLERS 

ABSENT1 (TAB1) which has been shown to localise with the indeterminacy marker 

ORYZA SATIVA HOMEOBOX1 (OSH1) in the pre-meristem zone and precede AXM 

initiation in rice (Tanaka et al., 2015). Tab1-1 shows arrested AXM formation and 

decreased OSH1 expression which restricts pre-meristem zone development 

preventing tiller formation. While TAB1 controls the vegetative architecture in rice 

WUS has mainly been implicated in controlling inflorescence architecture in 

arabidopsis through its expression in the organisation zone of the floral meristem. 

Characterising genes implicated in AXM formation and tillering in the Triticeae 
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family has been difficult due to their large complex genomes. Further to this, polyploid 

Triticeae genomes such as wheat introduce genetic redundancy making the mapping 

of causative loci and performing mutational analysis more difficult. Barely’s diploid 

genome makes it an ideal model organism for the identification of meristematic genes 

in the Triticeae.  

 

While uniculme4 (cul4) was mapped in diploid barley from crosses between uniculm 

accessions and high tillering accessions, it’s only been characterised recently with the 

development of advanced functional genomics in barley (Sato, 2020). Cul4 has been 

shown to act at the leaf and axil boundary to control differentiation of AXMs 

controlling the outgrowth of axillary buds and ligule development, like its A. thaliana 

ortholog BLADE ON PETIOLE 1 (BOP) that regulates AXM development and leaf 

morphogenesis (Tavakol et al., 2015). Further evidence of the pivotal role CUL4 plays 

in AXM development with cul4 developing leafy side shoots rather than elongated 

lateral culms. MOC1 and CUL4 are the best characterised regulators of tillering in the 

pooid and erhartoid cereals showing a complete absence of tillering in loss of function 

phenotypes (Babb and Muehlbauer, 2003). While meristematic regulators of AXM 

formation are necessary for tiller formation many other genes have been identified that 

influence the tiller number in grasses.  

 

The rice APETALA2-domain transcription factor encoded by NITROGEN 

MEDIATED TILLER GROWTH RESPONSE 5 (NGR5), has recently been shown to 

increase tiller number through interaction with the PRC2 complex to mediate 

H3K27me3 deposition on tiller branching inhibition genes showing how epigenetic 
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factors can specifically regulate processes implicated in tillering (Wu et al., 2020). 

Additionally, hormones such as Strigalactone (SL) and Gibberellin (GB) have also 

been extensively studied and identified as key regulators of lateral shoot branching. 

The SL pathway has yielded the most tillering related genes of any pathway with loss 

of function in biosynthesis and signalling genes like DWARF14 (D14), DWARF27 

(D27), and CAROTENOID CLEAVAGE DIOXYGENASE7 (CCD7) showing increased 

tiller number in rice (Arite et al., 2009; Lin et al., 2009; Booker et al., 2004). A 

complex set of interactions with the SL pathway is mediated through MADS-box 

transcription factor 57 (MADS57) and OsTB1 showing how this hormone interacts 

with well characterised regulators of apical dominance in grasses (Chen et al., 2018). 

GB on the other hand acts antagonistically in this pathway, repressing the expression 

of OsTB1, with overexpression of OsGA2ox5/6 (catalyse bioactive GB) resulting in 

higher tiller numbers in rice (Lo et al., 2008).  

 

Finally, the tiller inhibition (tin) gene was mapped to the short arm of chromosome 

1A after showing reduced tillering, thicker stems, and large spikes. Early cessation of 

internode elongation of lateral culms in this genotype has been associated with hollow 

basal internodes, downregulation of sucrose (Suc) inducible genes, reduced Suc 

content in dormant tin buds and increased expression of TB1-like genes suggesting that 

tin regulates the transport of Suc to developing AXM buds (Kebrom et al., 2012). In 

summary, we can see that tillering is orchestrated through a complex network of 

interactions between genes regulating hormonal pathways, transport of essential 

nutrients and how morphogenic regulators involved in meristem identity and 

formation can affect tiller number. A summary of these tillering genes and their effects 

on plant architecture can be found in Figure 1.7. 
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1.8. Wheat and rice inflorescence morphology 

Grass inflorescence morphology (the spike) consists of smaller units called spikelets 

(consisting of florets and glumes) that occur in an alternating growth patten along the 

rachis. Inflorescence architecture has also been a major selection trait in human 

domestication of cereal crops and is determined by patterns of tiller architecture. 

Apical dominance in maize through TB1 expression upregulates phytohormones that 

concentrate sugars and nutrients to the main inflorescence resulting in the formation 

of the characteristically large ear and large grain size (Dong et al. 2019). Inflorescence 

architecture in the BEP clade results in small inflorescence size due to spreading 

resources over a higher number of reproductive organs. Further evidence of this 

phenomenon comes from studying detillering where uniculm ideotypes show an 

increased number of grains per spikes, allowing manipulation and prediction of spike 

morphology in wheat (Guo et al., 2018). Meristematic determinacy in flowering plants 

is determined by intrinsic signals that come from resource availability and extrinsic 

environmental signals from photoperiod and temperature (Mouradov et al. 2002; Liu 

et al. 2009). This first occurs with the transformation of the shoot apical meristem 

(SAM) to the inflorescence meristem (IM) to signal a switch from vegetative to 

reproductive growth. This forms a stem cell niche of pluripotent cells capable of 

developing into the floral organs of the spike that are specified according to the ABCE 

model of flowering characterised through homeotic mutations in dicots (Krizek and 

Fletcher, 2005; Murai 2013).  

 

The AP2 and MADS-box homeotic transcription factors have been implicated as 

master regulators of floral organ specification and development through observing 
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homeotic transformations that occur with deleterious mutations of these genes 

(Bowman et al., 1989). The Q locus encodes an AP2-like transcription factor that is 

negatively regulated by a microRNA miR172. Free-threshing wheat varieties have a 

mutation in the Q locus’s miR172 binding site which confers higher AP2-like 

expression which is associated with a glume to floret transition consistent with the 

observed phenotype (Greenwood et al., 2017). It has also been shown that lower 

miR172 activity is associated with increased expression of the Q locus’s AP2-like 

transcription factor and gives a free threshing character to wheat spikes further 

confirming this model for wheat spike domestication (Debernardi et al., 2017). 

Domestication of wheat spike morphology for free-threshing was one of the first major 

domestication events for modern wheat, initially being described by Nilsson-Ehle as a 

speltoid character (Nilsson-Ehle, 1917 and 1920). Wild wheat relatives such as T. 

monococcum subsp. boeoticum (einkorn), T. turgidum subsp. dicoccoides (emmer) 

and T. aestivum subsp. spelta (spelt) have toughened glumes which hold the grains 

tightly together and a semi-brittle rachis. Threshing these wheat relatives results in the 

spike breaking into smaller spikelets making it more laborious to collect grain and isn’t 

amenable to agriculture. Selection of the Q locus in modern free-threshing wheat 

varieties results in fragile glumes and a non-brittle rachis allowing the spikes to break 

into individual grains which greatly speeds up grain collection (Dubcovsky and 

Dvorak, 2007).  

 

Inflorescence development in rice is distinct from wheat as the rice panicle is 

indeterminate, giving rise to primary and secondary branches, with the main rachis 

eventually degenerates at senescence while the wheat spike is unbranched and 

determinate, terminating at a single spikelet (Figure 1.8). Domestication of rice 
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inflorescences followed similar processes through selection of loci involved in seed 

shattering and grain number. The Black hull4 (Bh4) loci encodes an amino-acid 

transporter and is associated with black colouration of the hull and seed shattering in 

wild rice, while bh4 has a 22bp deletion in exon 3 that is associated with the straw-

white hull colouration and non-shattering seeds found in cultivated rice varieties (Zhu 

et al., 2011). As highlighted before in wheat, seed dispersal is an important adaptive 

trait in wild varieties but prevents harvesting in cultivated varieties. Longer awns are 

also important in seed dispersal of wild varieties but are absent in domesticated rice. 

An-1 encodes a basic helix-loop-helix protein that regulates cell division and has been 

suggested to positively regulate awn elongation (Luo et al., 2013). Interestingly, the 

An-1 locus has been shown to have a significant reduction in nucleotide diversity in 

rice cultivars suggesting it as a domestication target as awn elongation have been 

shown to negative regulate grain number per panicle or spike (Luo et al., 2013; 

Rebetzke et al., 2016). The MADS-box identity type-C AGAMOUS (AG) has long 

been implicated in determining arabidopsis stamen and carpel development in the 

floral meristem through differentiating the floral meristem into a terminal state. Loss-

of-function agamous plant are devoid of an androecium and gynoecium showing a 

homeotic transformation to undifferentiated petals and sepals (Bowman et al., 1989). 

The combined mutations of the MADS-box identity paralogs VERNALISATION 

PROTEIN 1 (VRN1) and FRUITFULL2 (FUL2) results in an elongated structure with 

higher spikelet number per spike (SNS) through eliminating the formation of the 

terminal spike, while the triple mutant vrn1, ful2, and fruitfull3 (ful3) shows a 

conversion of lateral spikelets to vegetative tillers (Li et al., 2019).  
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Consistent with this model of meristematic determinacy, overexpression of genes that 

upregulate these MADS-box transcription factors such as FLOWERING TIME 1 (FT1) 

and FLOWERING TIME 2 (FT2) and their upstream positive regulator 

PHOTOPERIOD 1 (PPD1) resulting in lower SNS due to earlier flowering (Boden et 

al., 2015; Shaw et al., 2018; Liu et al., 2020). Flowering time and spike development 

have been shown to be inextricably linked through studies involving VRN1, 

VERNALISATION PROTEIN 2 (VRN2) and FLOWERING LOCUS T-like (FT-like) 

genes (Dubcovsky et al., 2003; Liu et al., 2019). FT-like and TERMINAL 

FLOWERING1-like (TFL1-like) genes are members of the phosphatidylethanolamine 

binding protein (PEBP) family, both being derived from duplication and 

neofunctionalization from MOTHER OF FT AND TFL1-like (MFT-like) genes 

(Wickland and Hanzawa, 2015). FT-like genes encode florigens that form the florigen  

 

 

 

Figure 1.9. Genetics of flowering time. Diagram illustrating the main genetic pathways in 
flowering time and spike development in wheat. 
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activation complex in the SAM with bZIP transcription factor FD and 14-3-3 proteins, 

activating VRN1 which initiating the transition to reproductive growth and the 

formation of the IM (Li and Dubcovsky, 2008). TFL1-like proteins compete for FD 

and 14-3-3 forming the floral repression complex which maintains IM meristematic 

activity, preventing the expression of MADS-box identity genes necessary for 

meristematic determinacy (Kaneko-Suzuki et al., 2018). Flowering time’s effect on 

spike development highlights how environmental factors and endogenous signalling 

specifies plant architecture through meristematic formation and identity. A summary 

of these pathways can be found in Figure 1.9. 

 

The F-box protein UNUSUAL FLOWERING ORGANS (UFO) has long been known 

to play a role in promoting floral meristem identity while suppressing development of 

bract-like structures in developing floral structures (Wilkinson and Haughn, 1995). 

Gain-of-function mutations in the UFO rice ortholog ABERRANT PANICLE 

ORGANIZATION 1 (APO1) shows an increased number of spikelets by delaying the 

programmed shift to spikelet formation while ectopic expression showed increased 

meristem size by inducing higher cell proliferation (Muqaddasi et al., 2019). Loss-of-

function mutations of WAPO-A1 alleles identified in T. monococcum that show 

reduced expression have been shown to result in less spikelets per spike when 

introgressed into T. dicoccoides suggesting it may be involved in the suppression of 

the transition between the IM and terminal spikelet (Kuzay et al., 2019). This suggests 

that it may be possible to increase SNS in a range of grasses using other morphogenic 

regulators implicated in cell division through ectopic expression in the meristem. 
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1.9. RKDs - evolutionarily conserved morphogenic regulators 

Germ cell formation in plants is mediated by reprogramming somatic cells in the 

reproductive organs of plants (Baroux et al., 2011). The RKD subfamily of the RWP-

RK transcription factors has been implicated in this process across the plant kingdom, 

with MpRKD being shown to be necessary for germ cell formation in the basal 

plant Marchantia polymorpha and RKDs showing egg cell specific expression patterns 

in the angiosperms Arabidopsis and wheat (Koi et al., 2016). The RWP-RK 

transcription factor family was first described in Lotus japonicus and Pisum sativum 

(pea) in genetic studies of the nodule inception (nin) mutation and can be split into two 

subfamilies; the Nin-like proteins (NLPs) which are necessary for nodule formation, 

symbiosis, and other nitrogen related processes and the RKDs which are implicated in 

early embryo development (Schauser et al., 1999; Jeong et al., 2011). The NIN gene 

for which the NLPs have been named has recently been shown to regulate nodule 

formation in a dosage-dependent manner with downregulation and mutation of NIN 

resulting in aberrant nodule formation reducing nitrogen fixation in Medicago 

truncatula (Lin et al., 2018).  

 

Consistent with RKDs playing a role in embryogenesis, AtRKD4 has been shown to be 

required for zygotic elongation and the establishment of embryonic polarity in concert 

with the MAP kinase YDA (Waki et al., 2011). Mutations proximal to the RWP-RK 

domain and nuclear localisation signal of AtRKD4 result in aberrant suspensor 

formation and early embryo arrest, suggesting that RKDs act as master regulators of 

early embryonic development through the activity of this DNA binding domain (Jeong 

et al. 2011). Induced overexpression of the evolutionarily conserved AtRKD4 has been 

shown to prime root meristem and young leaf primordia cells for embryogenesis in A. 
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thaliana, showing that overexpression of zygotic factors can orchestrate 

reprogramming of cell identity and proliferation of callus tissue via somatic 

embryogenesis (Waki et al., 2011). When AtRKD4 overexpression ceases, primed cells 

proliferate to form globular structures of cytoplasm rich cells and embryo-like 

structures that can regenerate to form new plantlets.  

 

RKD induced somatic embryogenesis isn’t a solely synthetic process however as 

natural occurrence of this process can be found in polyembryonic varieties of Citrus 

sinensis. Two alleles of the CitRKD1 gene, CitRKD1-mg1 and CitRKD1-mg2, in C. 

sinensis were found to control embryonic type (mono/polyembryony) due to the 

presence of a miniature inverted-repeat transposable element (MITE)-like insertion 

upstream of CitRKD1 (Shimada et al., 2018). This upstream element facilitates ectopic 

expression of CitRKD1 in flowers and young fruit, driving somatic embryogenesis and 

the formation of multiple embryos. Although expression patterns between female 

gametophytic tissue in grasses and dicots are conserved it doesn’t hold that RKD 

induced somatic embryogenesis is maintained across these highly diverged clades. To 

identify RKD genes capable of driving somatic embryogenesis in cereals we can test 

those that show the highest homology to AtRKD4 (Figure 1.10). This phylogeny that 

has been constructed from RWP-RK protein sequences across A. thaliana (14 

proteins), the model cereal Brachypodium distachyon (16 proteins), the unicellular 

algae Chlamydomonas reinhardtii (17 proteins), the model legume Medicago 

truncatula (8 proteins), O. sativa ssp. japonica (15 proteins) and the multicellular algae 

Volvox carteri (11 proteins) retrieved from the Plant Transcription Factor Database 

(PTFDB) shows that the grass genes BdRKD1, BdRKD2 and OsRKD3 show the closest 

homology to AtRKD4 (Chardin et al., 2014). These four genes are all members of the 
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RKD (A) subfamily, characterised by the DNA-binding RWP-RK motif and another 

small motif close to the C-terminal end of the protein.  

 

Our research group has previously found that inducible overexpression of OsRKD3 

rice leaf callus tissue is sufficient to maintain somatic embryo identity and drive callus 

growth suggesting that RKD’s ability to influence meristematic identity and formation 

is conserved across dicots and grasses (Plant journal submission 2021). TaRKD1 

expression has been shown to be localised to the female gametophyte and significant 

efforts have been made to identify all RWP-RK genes in wheat to understand more 

about nitrogen responses and embryo development in this staple cereal crop (Kőszegi 

et al., 2011; Kumar et al., 2018). 18 TaNLP genes (nitrogen use efficiency subclade of 

RWP-RK) and 17 TaRKD genes have been identified by finding representative 

orthologues to the model grass species Brachypodium distachyon (shared >60%  
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Figure 1.10. RWP-RK phylogeny from Koi et al., 2016. Maximum-likelihood tree of 
RWP-RK proteins constructed using the conserved RWP-RK and carboxy-terminal domains 
of representative plant species. Numbers at the branches indicate bootstrap values calculated 
from 1,000 replicates. Only values higher than 50 are shown. The scale bar indicates 
evolutionary distance expressed as the ratio of amino acid substitutions. Species are indicated 
by coloured circles and are abbreviated as follows: At, Arabidopsis thaliana; Bd, 
Brachypodium distachyon; Cre, Chlamydomonas reinhardtii; Ddi, Dictyoste- lium 
discoideum; Gm, Glycine max; Md, Malus domestica; Mp, Marchantia polymorpha; Nt, 
Nicotiana tabacum; Pp, Physcomitrella patens; Ta, Triticum aestivum; Vca, Volvox carteri. 
Arrows indicate RKD members with known expression in reproductive cells. The RKD clade 
is shaded in blue, whereas the NLP clade is shaded in yellow.  
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protein sequence identity) followed by identifying homeologues of these orthologous 

genes within hexaploid wheat (>90% shared protein sequence identity to the 

orthologous TaRWP-RK gene). The identification and characterisation of TaRWP-RK 

genes has focused mostly on the characterisation of TaNLP genes as nitrogen 

responses regulate the outcome to a key agricultural input. TaRKD genes have 

remained relatively unstudied for a decade and present themselves as an interesting 

subfamily of transcription factors for understanding embryo development and their 

potential roles in increasing crop yield. 

 

1.10. Project aims 

The development of advanced functional genomics and bioinformatics resources has 

given molecular geneticists the tools to investigate fundamental biological processes 

and yield determining traits in wheat. Cereal crop architecture remains one of the most 

important domestication traits in human history and enhancing our knowledge of how 

patterns of branching are determined will impact agriculture and society. The RWP-

RK transcription factors have been extensively studied in model plant systems as 

morphogenic regulators capable of initiating the formation and maintenance of 

pluripotent stem cell niches. The main aim of this research project is to investigate 

whether RWP-RK transcription factors can be used as a novel strategy to increase tiller 

number by inducing the formation of axillary meristems in wheat and rice. We’ve also 

investigated whether RWP-RK transcription factors regulate meristem formation in 

wild wheat progenitors. By studying how plant architecture can be determined through 

the rate of meristem initiation and maintenance, we hope to influence future 

approaches to breeding in grasses. 
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To achieve this aim, two distinct yet complementary objectives are addressed.  

1. To identify transgenic lines that show ectopic expression of RKD and 

display phenotypes relevant to yield determining traits in the grasses. 

2. To define the molecular pathways of RKD in a variety of tissues using next 

generation sequencing in several grass species.   
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Chapter 2  

 

Materials and methods 

2.1. Materials 

2.1.1. Plant materials 

2.1.1.1. Fielder wheat material and growth conditions  

Unless stated otherwise, all wheat plants grown were from the spring bread 

wheat cultivar ‘Fielder’. Dried wheat seeds were stratified on moist Whatman 

paper at 4℃ for 2 days and then transferred to damp M1 mix (85% fine peat, 

15% grit, 2.7kg/m3 osmocote). Seedling were germinated in a Growdome at 

the Phytobiology Facility (PBF) at University of Warwick under 16 h day/ 8 

h night conditions at 22℃ day/ 20℃ night. Once spikes had fully senesced, 

they were dried at 37℃	for 24 hours. Seeds were threshed and stored at 21℃. 

2.1.1.2. Black rice material and growth conditions  

Seeds of black rice cultivar Cempo Ireng were obtained from the Research 

Institute for Agriculture Technology (Yogyakarta, Indonesia). Mature seeds 

of black rice Cempo Ireng were dehusked and sterilized by immersion in 70% 

ethanol for 1 min followed by soaking for 30 min in 10% (v/v) of sodium 

hypochlorite (5.25 % active chlorine). Then they were washed three times with 

sterile water for 15 min in total. The sterilised seeds were planted on half-

strength Murashige and Skoog (MS) medium containing 3% sucrose and 
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grown for one week at 28°C under constitutive light. The grown seedlings 

were transplanted into M2 soil (Levington Advance, UK) containing 

Osmocote slow-release fertilizer and the plants were grown at 28°C day/ 25°C 

night in a 16 h light/8 h dark cycle with a light intensity of 230 μE m-2 s-1. 

Eight weeks after transplantation, short-day treatment (12 h light/ 12 h dark) 

was performed for two weeks to induce floral transition of the rice and the 

treated plants were grown to ripening stages under 16 h day/ 8 h night 

conditions. 

2.1.1.3. Nipponbare rice material and growth conditions  

Seeds of the cultivar Nipponbare were obtained from NIAB (Cambridge, UK). 

Mature seeds of Nipponbare were dehusked and sterilized by immersion in 

70% ethanol for 1 min followed by soaking for 30 min in 10% (v/v) of sodium 

hypochlorite (5.25 % active chlorine). Then they were washed three times with 

sterile water for 15 min in total. The sterilised seeds were planted on half-

strength Murashige and Skoog (MS) medium containing 3% sucrose and 

grown for one week at 28℃ under constitutive light. The grown seedlings were 

transplanted into M2 soil (Levington Advance, UK) containing Osmocote 

slow-release fertilizer and the plants were grown at 28℃ day/ 25℃ night in a 

16 h light/8 h dark cycle with a light intensity of 230 μE m-2 s-1. Eight weeks 

after transplantation, short-day treatment (12 h light/ 12 h dark) was performed 

for two weeks to induce floral transition of the rice and the treated plants were 

grown to ripening stages under 16 h day/ 8 h night conditions. 
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2.1.2. Plant growth media 

2.1.2.1. Hydroponics solution medium (Broughton and Dilworth, 1970) 

Hydroponics solutions were prepared by weighing and mixing anhydrous 

forms of the following reagents in dH2O with a magnetic stirrer under standard 

conditions according to Broughton and Dilworth, 1970. To make the final 

hydroponics solution we mixed 500ml solution 1, 1000ml solution 2, 1000ml 

solution 3, 1000ml solution 4 and 100ml N solution to a final volume of 

3600ml. 

Table 2.1. Hydroponics solutions. 

 

2.1.2.2. Somatic embryogenesis media  

0.21% w:v Murashige and Skoog media (Merck) was supplemented with 

100µM 2,4-Dichlorophenoxyacetic acid, 1% w/v Sucrose (Phyto X), 40µM 

estradiol and adjusted to pH 5.7 with 1 M KOH, and 0.7% w:v phytoagar 

(Duchefa Biochemie, Netherlands). 

 

Solution Chemical stock concentration Final concentration
Solution 1 CaCl2*2H2O 294.1g/l 1mM

Solution 2 KH2PO4 136.1g/l 1mM (was 0.5mM)

FeNAEDTA 75µM (was 11µM)

MgSO4*7H2O 123.3 g/l 1mM (was 0.25mM) 

K2SO4 87g/l 0.25mM

MnSO4*H2O 0.338 g/l 6µM (was 1µM)

H3BO3 0.247g/l 20µM (was 2µM)

ZnSO4*7H2O 0.288g/l 1µM (was 0.5µM)

CuSO4*5H2O 0.10g/l 0.5µM (was 0.2µM)

CoSO4*7H2O (C046) 0.056g/l 0.05µM

Na2MoO4*2H2O 0.048g/l 0.1µM

N solution NH3NO3 15mM (was 30mM)

Solution 4

Solution 3
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2.1.3. Generation of indTaRKD1-7D Fielder transgenic lines 

For the generation of an inducible-TaRKD1-7D vector, we designed a codon-

optimized full length CDS of TaRKD1-7D (synTaRKD1-7D) and the designed 

sequence was synthesized by IDT. The synTaRKD1-7D was introduced into a 

pDONR207 vector (Invitrogen, USA) via BP recombination and subcloned in 

pERV-BASTA or pERV-HYG vector (Park et al., 2012) by LR 

recombination. The pERV-BASTA or pERV-HYG vector, thereafter, named 

indTaRKD1-7D, was fully sequenced and the construct was introduced into 

Agrobacterium tumefaciens EHA105. Immature embryos from Fielder plants 

grown at NIAB Cambridge were collected 12-18 days after anthesis and 

transformed using agrobacterium transformed with the construct. 

Transformants were screened for the insert by plating them on media with the 

herbicides Bialaphos or Hygromycin. Somatic embryogenesis was induced in 

transformed immature embryos to form calli for regeneration. Once calli were 

an appropriate size they were transferred to root inducing and then shoot 

inducing media for regeneration of transformed plantlets. T1 regenerated 

plants were screened for low-copy number using DNA profiling by NIAB 

Cambridge and then transferred to PBF for propagation. 

2.1.4. Genotyping for indTaRKD1-7D Fielder calli and plants 

Genomic DNA isolation of putative transformant calli was performed using a 

CTAB protocol (Doyle and Doyle, 1990). PCR was used to detect the inserted 

gene in the genome with specific primer synTaRKD1-7D-Fwd and 

synTaRKD1-7D-Rev, as well as to detect HPT with a pair of primer depending 

on the construct, BASTA-Fwd and BASTA-Rev or the pair Hygromycin-Fwd 
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and Hygromycin-Rev (Table 2.2.). PCR cycling conditions included 

denaturing at 94℃ for 30 s, annealing at 55℃ for 30 s and extension at 72℃ 

for 60s. PCR product was separated by electrophoresis on 2% agarose gels in 

1x TBE buffer. 

 

Figure 2.1. indTaRKD1-7D expression construct. Diagrammatic representation of 
chemical induction of TaRKD1-7D expression through XVE translocation into the 
nucleus. The chimeric LexA domain binding and estrogen receptor based-
transactivator XVE is constitutively expressed under the ubiquitin 1 (Ubi1) promoter 
and localised in the cytosol. Estradiol bound XVE is translocated into the nucleus 
where it binds to the LexA promoter activating expression of TaRKD1-7D. 

 

2.1.5. Generation of indOsRKD3 Cempo Ireng transgenic lines 

For generation of inducible-OsRKD3 vector, we designed a codon-optimized 

full length CDS of OsRKD3 (synOsRKD3) and the designed sequence was 

synthesized by Integrated DNA Technology (IDT, Leuven, BE). The 

synOsRKD3 was introduced into a pDONR207 vector (Invitrogen, USA) via 

BP recombination and subcloned in pTA7002 vector (Park et al., 2012) by LR 

recombination. The pTA7002-synOsRKD3 vector, thereafter, named 
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indOsRKD3, was fully sequenced and the construct was introduced into 

Agrobacterium tumefaciens EHA105. Rice transformation was performed by 

the Agrobacterium-mediated co-cultivation method, as previously described 

(Lee et al., 1999, Toki et al., 2006, Susanto et al., 2020). 

 

Figure 2.2. indOsRKD3 expression construct. Diagrammatic representation of 
chemical induction of OsRKD3 expression through LhGR translocation into the 
nucleus. The chimeric pOp6 domain binding and glucocorticoid receptor based-
transactivator LhGR is constitutively expressed under the cauliflower mosaic virus 
(CaMV 35S) promoter and localised in the cytosol. Dexamethasone bound LhGR is 
translocated into the nucleus where it binds to the pOp6 promoter activating 
expression of OsRKD3. 

 

2.1.6. Genotyping for indOsRKD3 Cempo Ireng calli and plants 

Genomic DNA isolation of putative transformant calli was performed using CTAB 

method (Doyle and Doyle, 1990). PCR was used to detect the inserted gene in the 

genome with specific primer synOsRKD3-Fwd and synOsRKD3- Rev, as well as to 

detect HPT with a pair of primer Hygromycin-Fwd and Hygromycin-Rev 

(Supplemental Table 2.1.). PCR cycling conditions included denaturing at 94°C for 

30 s, annealing at 55°C for 30 s and extension at 72°C for 60 s. PCR product was 

separated by electrophoresis on 2% agarose gels in 1x TBE buffer. 
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2.1.7. Generation of inducible-AtRKD4 transgenic lines 

For generation of inducible-AtRKD4 vector, we designed a codon-optimized 

full length CDS of AtRKD4 (synAtRKD4) and the designed sequence was 

synthesized by Integrated DNA Technology (IDT, Leuven, BE). The s 

synAtRKD4 was introduced into a pDONR207 vector (Invitrogen, USA) via 

BP recombination and subcloned in pERV1 vector (Park et al., 2012) by LR 

recombination. The pERV1-synAtRKD4 vector, thereafter, named 

indAtRKD4, was fully sequenced and the construct was introduced into 

Agrobacterium tumefaciens EHA105. The indAtRKD4 was introduced to 

Nipponbare, and rice transformation was performed by the Agrobacterium-

mediated co-cultivation method, as previously described (Lee et al., 1999, 

Toki et al., 2006, Susanto et al., 2020). 

2.1.8. Genotyping for indAtRKD4 Nipponbare calli and plants 

Genomic DNA isolation of putative transformant calli was performed using 

CTAB method (Doyle and Doyle, 1990). PCR was used to detect the inserted 

gene in the genome with specific primer synOsRKD3-Fwd and synOsRKD3-

Rev, as well as to detect HPT with a pair of primer Hygromycin-Fwd and 

Hygromycin-Rev (Supplemental Table 2.1.). PCR cycling conditions included 

denaturing at 94℃ for 30 s, annealing at 55℃ for 30 s and extension at 72℃ 

for 60 s. PCR product was separated by electrophoresis using 2% agarose 

concentration in 1x TBE buffer. 

2.1.9. Somatic embryogenesis induction of immature wheat embryos 

Immature embryos were excised from the caryopsis 12-18 days after anthesis. 

Samples were sterilised in a laminar flow hood with NaOH for 5 min followed 
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by 70% EtOH for 15 min. Samples were washed with sterile dH2O 5 times 

kept at 4℃ for 60 min. Immature embryos were transferred to somatic 

embryogenesis medium and had the shoot apical meristem excised using a 

sterilised blade to prevent vegetative growth of the embryos. Immature 

embryos were transferred to new media weekly and incubated in the dark at 

21℃.  

2.1.10. Hydroponics experiment 

Hoagland solution adapted from a protocol (Broughton and Dilworth, 1970) 

was made up to 30L using dH2O and adjusted to a pH of 6.4 and checked using 

litmus paper (Broughton and Dilworth, 1970). This solution was split into two 

separate mixtures: one with 0.01% (w/v) Tween-20 and another with 0.01% 

(w/v) Tween-20 and 40µM estradiol. Plants growing in an 4:1 

vermiculite:perlite mix were supplemented with the solution once per week 

for 8 weeks. Tiller number was measured and then vermiculite/perlite was 

cleaned from the roots to measure total plant biomass. Plants were then 

photographed using a Nikon D50 camera to measure root length and area using 

colour thresholding in image J.  

2.2. Molecular biological methods 

2.2.1. gDNA extraction 

Leaf tissue from wheat or rice plants was collected in 96 well blocks with 

metal beads and then frozen in liquid nitrogen. Blocks were placed in a shaker 

at max speed for bursts of 15 seconds until all tissue was pulverised. 300 µl of 

extraction buffer was added followed by 40µl of 10% SDS to each well and 
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incubated for 15 minutes and incubated at 4℃. Blocks were centrifuged at max 

speed for 20 minutes and then the supernatant was discarded. Pellets were 

resuspended with potassium acetate by pipetting up and down until dissolved 

and stored on dry ice for 5 minutes. Blocks were then centrifuged at max speed 

for 20 minutes to pellet the mixture. Supernatant was then discarded and 400µl 

isopropanol was added and incubated at room temperature for 15 minutes to 

wash the pellet. Blocks were then centrifuged at max speed for 20 minutes and 

the supernatant was then quickly discarded. Blocks were washed twice by 

adding 400µl 70% ethanol, centrifuging at max speed for 20 minutes and 

discarding the supernatant. Blocks were air dried for 30 minutes to ensure no 

ethanol was present in the wells and the pellets were resuspended in 100µl TE 

buffer.  

2.2.2. Polymerase chain reaction  

The KAPA Taq PCR kit (KAPA Biosystems) was used to amplify DNA 

fragments from plant material (gDNA/cDNA template). 3µl of template DNA 

was added to a PCR reaction mixture (template, 1x buffer, 100µM DNTPs, 

500nM forward primer, 500nM reverse primer, 0.05% KAPA Taq polymerase) 

and made up to a final volume of 20µl with dH2O. Thermocycler programs 

were chosen depending on the amplicon size and primer annealing 

temperature. PCR products were analysed by gel electrophoresis. 

2.2.3. Agarose gel electrophoresis 

To analyse PCR products, samples were separated according to size via 

agarose gel electrophoresis. Gels were made using TAE buffer (40mM Tris 

base, 20mM acetic acid and 1mM EDTA) supplemented with 1% w:v agarose 
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(Merck company) and stained with Diamond™ Nucleic Acid Dye (Promega). 

Samples were loaded in 6x loading dye and 1kb DNA ladder plus (New 

England Biolabs) was used as a molecular marker. Gels were run at 120V until 

sufficient separation had occurred and were imaged using a G:BOX F3 gel 

imager (Syngene). 

2.2.4. Estradiol treatment and collection of the treated indTaRKD1-7D 

samples 

Leaf segments or immature embryos of WT and pTA7002-synTaRKD1-7D 

(indTaRKD1-7D) plants were soaked in 40 µM of Estradiol solution 

containing 0.01% (w/v) Tween-20 and the soaked leaf segments were 

incubated in 28℃ for 3 hours. As a mock control, leaf segments and immature 

embryos were also incubated in 0.02% (w/v) DMSO solution containing 

0.01% Tween-20. After treatment of Estradiol and mock solutions, the rest of 

solution was removed from the samples as much as possible using a paper 

towel and the samples were put into a new Eppendorf tube. The collected 

samples were directly frozen in liquid nitrogen and the frozen samples were 

stored in -80℃ before use. 

2.2.5. DEX treatment and collection of the treated indOsRKD3 samples 

Leaf segments of WT and pTA7002-synOsRKD3 (indOsRKD3) plants were 

soaked in 20 µM of DEX solution containing 0.01% (w/v) Tween-20 and the 

soaked leaf segments were incubated in 28℃ for 3 hours. As a mock control, 

leaf segments were also incubated in 0.02% (w/v) DMSO solution containing 

0.01% Tween-20. After treatment of DEX and mock solutions, the rest of 

solution was removed from the samples as much as possible using a paper 
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towel and the samples were put into a new Eppendorf tube. The collected 

samples were directly frozen in liquid nitrogen and the frozen samples were 

stored in -80℃ before use. 

2.2.6. RNA extraction of wheat leaf and immature embryo tissue 

Leaf tissue from wheat seedling at Feekes development stage 1 (Feekes, 1941) 

was flash frozen and pulverized with metal beads in liquid N2. Immature 

embryos were excised from the caryopsis 12-18 days after anthesis were flash 

frozen and were ground in Eppendorf tubes using an electronic drill with liquid 

N2. 100mg of tissue was vortexed with 1ml TRIzol® Reagent (Invitrogen) and 

200 μl of chloroform. Samples were centrifuged at maximum speed for 30 min 

at 4℃. The aqueous phase of the separation was incubated for 30 min with 

100% isopropanol at -20℃. RNA was pelleted by centrifugation at maximum 

speed for 45 min at 4℃. Pellets were washed with 70% ethanol and dissolved 

in 20µl RNAase free H2O. 

2.2.7. RNA extraction of rice leaf tissue 

Leaf tissue from rice plants early germination stage was flash frozen and 

pulverized with metal beads in liquid N2. 100mg of tissue was vortexed with 

1ml TRIzol® Reagent (Invitrogen) and 200 μl of chloroform. Samples were 

centrifuged at maximum speed for 30 min at 4℃. The aqueous phase of the 

separation was incubated for 30 min with 100% isopropanol at -20℃. RNA 

was pelleted by centrifugation at maximum speed for 45 min at 4℃. Pellets 

were washed with 70% ethanol and dissolved in 20µl RNAase free H2O. 
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2.2.8. cDNA synthesis and RT-PCR 

Total RNA was treated with Ambion® TURBO DNase kit (Life technologies, 

USA) as manufacturer’s protocols. DNase-treated RNAs were used for cDNA 

synthesis using first strand cDNA synthesis kit (ThermoFisher, UK) according 

to manufacturer’s protocols. Semi-quantitative RT-PCR was performed using 

templates as the synthesized cDNAs. TaGAPDH was used for data 

normalization. For Quantitative real-time RT-PCR (qRT-PCR) the optimal 

number of cycles was determined for each gene. PCR cycling conditions 

included denaturing at 95°C for 10 s, annealing at 57°C for 20 s and extension 

at 72°C for 30 s, using a Bio-rad qRT-PCR machine (Bio-Rad, UK). Changes 

in expression levels were calculated via the ΔΔCt method. To ensure primer 

specificity, qRT-PCR was done when the melting curve showed a single peak. 

2.3. Histology 

2.3.1. Preparation of RNA probes 

To generate RNA probes for Histone H4, Histone H4 sequences of wheat from 

NCBI as previously reported (Drea et al., 2005) and selected highly conserved 

region of 190 bp. For in vitro transcription, T7 promoter and T3 promoter were 

added to each end of the selected histone H4 and we chemically synthesized 

the designed sequence (IDT, Leuven, BE). A histone H4 fragment was 

transcribed by T7 or T3 RNA polymerase (Roche) for 2 hours at 37°C, labelled 

by DIG-UTP (Roche) during in vitro transcription and treated by stop solution 

(0.1 Units·μL-1 DNase (Ambion, USA), 10 mM Tris-Cl, 10 mM MgCl2, 50 

mM NaCl, pH 7.5) for 30 minutes at 37°C. The synthesized RNA probes were 

precipitated in precipitation solution (0.8 M LiCl, 0.3 M NaOAc, 200 μg·mL-
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1 tRNA (Sigma, St. Louis, MO), 66.7% (v/v) ethanol, pH 5.2) overnight at -

20°C, centrifuged for 10 minutes at 13000 rpm at 4°C, washed using 70% 

ethanol, centrifuged for 10 minutes at 13000 rpm at 4°C, discarded 

supernatant, air dried and dissolved in DEPC-treated distilled water. The 

dissolved RNA probes were hydrolysed in carbonate buffer (40 mM NaHCO3, 

60 mM Na2HCO3, pH 10.2) for 30 minutes at 60°C, precipitated in 

precipitation solution (10% (v/v) acetic acid, 90 mM NaOAc, 66.7% ethanol, 

pH 5.2) for 2 hours at -80°C, spun down for 10 minutes at 13000 rpm at 4°C, 

washed using 70% ethanol, spun down for 10 minutes at 13000 rpm at 4°C, 

discarded supernatant, air dried and dissolved in DEPC-treated distilled water. 

2.3.2. RNA in situ hybridization in developing axils 

To avoid contaminations of RNase, glassware was baked at 180ºC for 8 hours, 

plasticware was treated by 0.1 N NaOH (Sigma, St. Louis, MO) overnight at 

37ºC and solutions were treated by 0.1% diethyl pyrocarbonate (DEPC, 

Sigma, St. Louis, MO). For RNA in situ hybridization in developing axils of 

WT and indTaRKD1-7D, the axils of the basal leaves of the main shoot were 

submerged in 4% paraformaldehyde (PFA, Agar Scientific, Essex, UK) and 

vacuum infiltrated three times for 10 minutes. The fixative was then replaced, 

and the sample incubated overnight at 4°C. After fixation, the samples were 

washed using phosphate buffered saline (PBS; 10 mM sodium phosphate and 

150 mM NaCl, pH 7.4) with 0.1% DEPC, dehydrated via a graded ethanol 

series and embedded in Paraplast Plus (Sigma, St. Louis, MO). Sections were 

longitudinally cut at 10 µm and mounted on Superfrost Plus slides (Thermo 

Scientific, UK). The mounted samples were deparaffinized using Histoclear 

(National Diagnostics, Hull, UK), rehydrated through an ethanol series, 
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treated by Pronase (Merck, Darmstadt, Germany) for 10 minutes at 37ºC, fixed 

by 4% PFA for 10 minutes at room temperature, acetylated by acetic anhydride 

(Sigma, St. Louis, MO) in 0.1 M triethanolamine (Sigma, St. Louis, MO) for 

10 minutes at room temperature and re-dehydrated by an ethanol series. To 

prepare RNA probe hybridization solution, subsequently, hybridization buffer 

(10 mM Tris-Cl, 0.3 M NaCl, 10 mM NaPO4, 5 mM EDTA, 1.25 mg·mL-1 

tRNA (Sigma, St. Louis, MO), 1.25x Denhardt’s (Sigma, St. Louis, MO), 

12.5% dextran sulphate (AP Biotech), 50% deionized formamide (Sigma, St. 

Louis, MO), pH 6.8) was mixed by vortexing, spun down, and left at room 

temperature. RNA probe solution was prepared with mixing between RNA 

probe and deionized formamide in 1:1 ratio, heat the mix solution for 2 

minutes at 80ºC, spun down and cool on ice. The probe solution was mixed 

with the hybridization buffer in a 4:1 buffer: probe ratio, vortexed, spun down 

and left at room temperature. To prevent RNA probes from adhering to the 

coverslip, that was treated by Sigmacote (Sigma, St. Louis, MO) for 10 

seconds at room temperature, washed by absolute ethanol and dried in fume 

hood before starting hybridization procedures. 50-100 µL of RNA probe 

hybridization solution was added on the slide, covered by Sigmacote-treated 

coverslip, incubated in humid chamber overnight at 45ºC. The slides were 

dipped in 2 x SSC buffer (150 mM NaCl, 15 mM NaOAc), agitated gently 

until the coverslips were fell off, moved to a new 2 x SSC buffer, incubated 

for 30 minutes at 45ºC, moved once more to a new 2 x SSC buffer, incubated 

for 90 minutes at 45ºC, washed twice using NTE buffer (10 mM Tric-Cl, 0.5 

M NaCl, 1 mM EDTA, pH 7.5) for 5 minutes at 37ºC, treated by RNase buffer 

(20 µg·mL-1 RNase A (Sigma, St. Louis, MO) in NTE buffer) for 30 minutes 
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at 37ºC, washed three times using NTE buffer for 5 minutes at 37ºC, incubated 

in 0.5 x SSC buffer for 1 hour at 45ºC and washed using PBS for 5 minutes at 

room temperature. The washed slides were incubated for 5 minutes in DIG 

Buffer I (100 mM Tris-Cl, 150 mM NaCl, pH 7.5) at room temperature, 

blocked for 30 minutes in DIG Buffer II (0.5% (w/v) blocking reagent 

(Boehringer, ) in DIG buffer I) at room temperature, transferred to DIG Buffer 

III (0.1% (w/v) BSA, 0.3% (v/v) Triton X-100 (Sigma, St. Louis, MO) in DIG 

Buffer I), incubated for 30 minutes in DIG Buffer III at room temperature, 

transferred to DIG Buffer IV (1:3000 anti-digoxigenin-AP (Roche) in DIG 

Buffer III), incubated for 90 minutes in DIG Buffer IV at room temperature, 

washed four times using DIG Buffer III for 20 minutes at room temperature, 

washed using DIG Buffer I for 5 minutes at room temperature, washed using 

DIG Buffer V (100 mM Tris-Cl, 100 mM NaCl, 50 mM MgCl2, pH 9.5) for 5 

minutes at room temperature and incubated for 6 to 36 hours in Buffer VI (75 

mg·mL-1 nitroblue tetrazolium (NBT, Sigma, Pooler, UK), 50 mg·mL-1 5-

bromo-4-chloro-3-indolylphosphate (BCIP, Sigma, Pooler, UK), 24 mg·mL-1 

Levamisole (Sigma, Pooler, UK) in DIG Buffer V) under dark conditions at 

room temperature, incubated in TE buffer (10 mM Tris-Cl, 1 mM EDTA, pH 

7.5) for 10 minutes at room temperature, washed for 2 minutes in distilled 

water, dehydrated through an ethanol series, dried completely, mounted in 

Entellan (Merck, UK) and covered by coverslip. 

2.3.3. Toluidine Blue staining of developing axils 

For toluidine bule staining of developing axils in WT and indTaRKD1-7D, 

sections of developing axils were longitudinally cut at 10 µm and mounted on 

Superfrost Plus slides (Thermo Scientific, UK). The mounted samples were 
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deparaffinized using Histoclear (National Diagnostics, Hull, UK), rehydrated 

through an ethanol series, stained with Toluidine Blue solution for 2 minutes 

at room temperature, washed for 2 minutes in distilled water, dehydrated via 

an ethanol series, dried completely, mounted in Entellan (Merck, UK), and 

covered by coverslip. 

2.3.4. Antisera preparation and immunolocalization 

Polyclonal antisera were raised in rabbit against synthetic peptides for 

TaRKD1-7D (CFKENYKRRRAAASVN and ARWPHRKMKSLRSLI) 

(Eurogentec, Liege, BE). The raised antisera were affinity purified with 

peptide (CFKENYKRRRAAASVN) using a Sulpholink coupling gel system 

(Pierce, Rockford, IL). For immunolocalization of TaRKD1-7D in axillary 

meristem, sections were longitudinally cut at 10 μm and mounted on 

Superfrost Plus slides (Thermo Scientific, UK). The mounted samples were 

deparaffinized using Histoclear (National Diagnostics, Hull, UK), rehydrated 

through an ethanol series, and blocked in 0.1% bovine serum albumin (BSA) 

in phosphate buffered saline (PBS; 10 mM sodium phosphate and 150 mM 

NaCl, pH 7.4) for 30 mins at room temperature and incubated overnight with 

purified anti-TaRKD1-7D (diluted 1:20) antibody at 4 ̊C. The 

immunoreactions were performed using goat anti-rabbit alkaline phosphatase-

conjugated secondary antibody (Sigma, St. Louis, USA; diluted 1:100) and 

nitroblue tetrazolium/5-bromo-4-chloro-3-indolylphosphate (NBT/BCIP; 

Sigma, Pooler, UK) was used as detection substrate. The stained slides by 

NBT/BCIP were mounted in Entellan (Merck, UK). 
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2.4. Next generation sequencing library preparation 

2.4.1. indOsRKD3 and indTaRKD1-7D RNA extraction 

Total RNAs were extracted from the leaves with Qiagen RNeasy Plant Mini 

kit (Qiagen, Germany) as manufacturer’s protocols. RNAs for sequencing 

were extracted using Direct-zol RNA miniprep kit (ZYMO Research, 

Cambridge). The extracted RNAs were quantified using Nanodrop 

(ThermoFisher, UK) and qualities of those were also checked through 

Bioanalyzer 2100 (Agilent, UK). 

2.4.2. indOsRKD3 and indTaRKD1-7D RNA library preparation and 

sequencing 

RNAs for sequencing were extracted using Direct-zol RNA miniprep kit 

(ZYMO Research, Cambridge). The extracted RNAs were quantified using 

Qubit HS kit (Invitrogen, UK) and qualities of those were also checked 

through Bioanalyzer 2100 (Agilent, UK). Total RNA libraries were prepared 

using the TruSeq RNA Sample Preparation Kit (Illumina, UK) and sequenced 

in single-end 150 base mode an Illumina NexSeq platform at the University 

of Warwick. 

2.4.3. DAPseq analyses of Triticum aestivum genomic DNA with 

TaRKD1-7D 

For construction of HaloTag fused with TaRKD1-7D, pDONR207-

synTaRKD1-7D vector was cloned into pIX-HALO in vitro expression vector 

via LR recombination, transformed into the BL21DE3 codon plus expression 

strain (Stratagene, USA), protein was expressed as the manufacturer’s manual. 
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Genomic DNA libraries were prepared according to Bartlett et al (2017), and 

genomic DNA was extracted from wheat leaves using Plant DNeasy kit 

(QIAGEN, Germany) as manufacturer’s recommendations. 20 μg of genomic 

DNA was diluted in EB (10 mM Tris-HCl, pH 8.5) and sonicated to 200 bp 

fragments in a covaris S2 sonicator. DNA was purified using AmpureXP 

beads at a 2:1 bead:DNA ratio. Samples were then end repaired using the End-

It kit (Lucigen) and cleaned using Qiaquick PCR purification (Qiagen) 

according to the manufacturer’s recommendations. Purified samples were A-

tailed using Klenow 3–5′exo- for 30 min at RT and then purified using 

Qiaquick PCR purification as described above. Purified samples were then 

ligated overnight with a truncated Illumina Y-adapter as described in Bartlett 

et al. Libraries were purified by bead cleaning using a 1:1 bead: DNA ratio, 

eluted from the beads in 30 μl of EB, and quantified with the Qubit HS 

fluorometric assay. A quantity of 20 μl of purified GST-ARF protein (5–

20 μg) was diluted in 400 μl of 1X PBS containing 25 μl of washed 

MagneGST beads (Promega) for 1h at RT on a rotator to bind the protein to 

the beads. In addition to the GST-TaRKD1-7D samples, a negative control 

GST-HALO sample was performed using protein expressed in the TNT 

wheatgerm expression system (Promega). Beads were washed four times in 

1X PBS + NP40 (0.005%) and resuspended in 100 μl of 1X PBS. One 

microgram of genomic DNA library generated from spikes was diluted to a 

final volume of 60 μl in 1X PBS and added to the protein bound beads. Protein 

bound beads and gDNA were rotated for 1h at RT. Beads were washed four 

times in 1X PBS + NP40, followed by two washes with 1X PBS. Beads were 

transferred to a new tube and DNA was recovered by resuspending in 25 μl 
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EB and boiling for 10 min at 98 °C. Eluted samples were enriched and tagged 

with dual indexed multiplexing barcodes by performing 20 cycles of PCR in 

a 50 μl reaction. Samples were pooled and sequenced on a NExtSeq500 with 

75 bp single end reads. 

2.4.4. Wheat indTaRKD1-7D ChIPseq library preparation and 

sequencing 

Seeds were sent to the lab of Dr. Moussa Benhammed at L'Institut des 

Sciences des Plantes - Paris-Saclay (IPS2). Samples were grown at 16 h day/ 

8 h night conditions at 22℃ day/ 20℃ night until Feekes seedling stage 

(Feekes, 1941). Hypocotyl tissue was dissected, RNA extracted and ChIP-seq 

libraries were prepared and sequenced according to Concia et al. 2020. 

2.5. Next generation sequencing analysis 

All scripts from NGS analysis can be found at https://github.com/meehanca . 

2.5.1. Downloading raw reads from publicly available datasets  

The fastq-dump program from the SRA-toolkit was used to download publicly 

available SRA files for subsequent analysis using the –-split-files and –-gzip 

parameters (Sherry et al., 2012). 

2.5.2. Transcriptomic analysis of wheat RNAseq datasets 

2.5.2.1. Pre-processing and pseudoalignment  

Sequencing reads were pre-processed using fastp with default settings and the 

overrepresentation analysis parameter to remove reads with low quality score, 

irregular GC content, short length, and sequencing adapters present (Chen et 
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al., 2018). Trimmed reads were then quality checked using FastQC v0.11.5 to 

ensure trimming had been successful (Andrews, 2010). Trimmed reads were 

then pseudoaligned using Kallisto against an indexed Triticum aestivum 

IWGSC RefSeq v1.1 cDNA genome under default parameters (Bray et al., 

2015; IWGSC et al., 2018).  

2.5.2.2. Sample selection and calculating differentially expressed genes 

Raw counts were imported into R and normalised before analysis using 

DESeq2 (Love et al. 2014; Team R, 2015). Replicate quality was verified 

using Principal Component Analysis (PCA) following a variance stabilised 

transformation of the samples and scatterplots of replicates were visualised 

using logarithmically transformed counts using DESeq2 functions and base R. 

Differentially expressed genes (DEGs) were calculated using DESeq2 with an 

FDR<0.05 and a lfcThreshold>0.5.  

2.5.2.3. Visualisation of differentially expressed gene list  

Heatmaps were plotted using logarithmically transformed normalised counts 

with the pheatmap package using genes (rows) to scale (Kolde and Kolde, 

2015). MA-plots and volcano plots were made using DESeq2 functions and 

the EnhancedVolcano package (Blighe et al., 2020).  

2.5.2.4. Gene set enrichment and GO term analysis  

Gene set enrichment analysis was performed using the gage package using 

genes that fit the DESeq2 dispersion plot with a set size of 800, rank test set 

to true with a non-paired comparison (Luo et al., 2009). GO terms enrichment 

analysis was calculated for all DEG list using gProfiler with a Benjimini-
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Hochberg correction set at a threshold of 0.05. GO term enrichment was 

visualised using a custom script with ggplot2 (Wickham 2011; Raudvere et 

al., 2019). All scripts can be found at https://github.com/meehanca/IE-AXM-

RWP-RK-2021.  

2.5.3. Transcriptomics analysis of rice RNAseq dataset 

2.5.3.1. Pre-processing, alignment and counting  

Sequencing reads were pre-processed using Trimmomatic v0.36 to remove 

reads with low quality score, irregular GC content, short length, and 

sequencing adapters present (Bolger et al., 2014). Trimmed reads were then 

quality checked using FastQC v0.11.5 and mapped to the Oryza sativa ssp. 

japonica genome (release MSU 7.0) using HISAT2 v2.1.0 (Ouyang et al., 

2007; Andrews, 2010; Kim et al., 2019). Alignments were sorted using 

samtools, counted using LiBiNorm and then imported into R (Li et al., 2009; 

Dyer et al., 2019; Team R, 2015).  

2.5.3.2. Sample selection and calculating differentially expressed genes 

Raw counts were imported into R and normalised before analysis using 

DESeq2 (Love et al. 2014; Team R, 2015). Replicate quality was verified 

using principal component analysis (PCA) following a variance stabilised 

transformation of the samples and scatterplots of replicates were visualised 

using logarithmically transformed counts using DESeq2 functions and base R. 

differentially expressed genes (DEGs) were calculated using DESeq2 with an 

FDR<0.05 and a lfcThreshold>0.  
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2.5.3.3. Visualisation of differentially expressed gene list  

Heatmaps were plotted using logarithmically transformed normalised counts 

with the pheatmap package using genes (rows) to scale (Kolde and Kolde, 

2015). MA-plots and volcano plots were made using DESeq2 functions and 

the EnhancedVolcano package (Blighe et al., 2020). 

2.5.3.4. Gene set enrichment and GO term analysis  

GO terms enrichment analysis was calculated for all DEG list using gProfiler 

with a Benjimini-Hochberg correction set at a threshold of 0.05 (Raudvere et 

al., 2019). GO term enrichment was visualised using a custom script with 

ggplot2 (Wickham 2016). RKD-motif enrichment analysis was carried out on 

3000bp upstream sequences using HOMER under default parameters (Heinz 

et al., 2010). Densigrams were plotted using ggplot2 (Wickham, 2011). 

2.5.4. Wheat meristem coexpression network construction and analysis 

2.5.4.1 Meristematic coexpression network table construction 

The weighted gene coexpression network was constructed using transcript per 

million abundance (tpm) values over 0.5 from meristematic tissue samples 

taken from the JIC developmental timecourse (Xiang et al., 2019). WGCNA 

and GGM were used to calculate weighted edge values for the 53,000 genes 

that passed the filter (Langfelder and Horvath, 2008; Schaefer et al., 2015). 

Average values from both functions were taken and normalised against 

randomly generated edge values for the genes used to create the final 

coexpression table.  
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2.5.4.2. DEG specific network table filtering   

Edge values that had at least one of the indTaRKD1-7D RNAseq DEGs (set 

at lfcThreshold = 0, p.adj = 0.05) and had a value over 0.7 were filtered from 

the final coexpression table due to a high number coexpressed nodes below 

this value.  

2.5.4.3. Cytoscape visualisation of the log2 fold change network   

The network was then visualised and annotated using Cytoscape 3.7.2 under 

an edge-weighted spring directed layout (Shannon et al., 2003). Nodes were 

annotated with a black border of 2 to indicate a DAPseq binding peak within 

10kb of the upstream promoter, coloured according to the log2fold change 

value, and the size was increased if the node was a member of a transcription 

factor family. This coexpression was then uploaded to the nDEX database 

under the name ‘indTaRKD1-7D - logfoldchange’. 

2.5.4.4. Cytoscape visualisation of the GO term network   

Clusters were automatically curated using the AutoAnnotate cytoscape app 

and GO terms enrichment analysis was calculated for all clusters list using 

gProfiler with a Benjimini-Hochberg correction set at a threshold of 0.05 

(Kucera et al., 2016; Raudvere et al., 2019). Clusters with significant GO terms 

were coloured for a separate network and the most significant non-redundant 

term was used to name this cluster. Revigo was used with default parameters 

to remove redundant GO-terms and plotted using an R script provided through 

the site. This coexpression network was then uploaded to the nDEX database 

under the name ‘indTaRKD1-7D-GO term’. 
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2.5.5. Rice coexpression network construction and analysis  

2.5.5.1 Coexpression network table construction 

The weighted gene coexpression network table file was constructed using 

WGCNA, bc3net and GGM were used to calculate weighted edge values from 

several tissues of a rice transcriptomics developmental timecourse and 

uploaded to the Netminer github (https://github.com/czllab/NetMiner) (Yu et 

al., 2018).  

2.5.5.2. DEG specific network table filtering   

Edge values that had at least one of the indOsRKD3 RNAseq DEGs (set at 

lfcThreshold = 0, p.adj = 0.05) and had a value over 0.15 were filtered from 

the final coexpression table due to a high number coexpressed nodes below 

this value, but lower than the wheat coexpression network. This cut off value 

allowed spatial separation of clusters for visualisations of individual 

relationships between nodes. 

2.5.5.3. Cytoscape visualisation of the network   

The network was then visualised and annotated using Cytoscape 3.7.2 under 

an edge-weighted spring directed layout (Shannon et al., 2003). Nodes were 

annotated with a black border of 2 to indicate a predicted RKD2 binding motif 

within 2kb of the upstream promoter, coloured according to the log2fold 

change value, and the size was increased if the node was a member of a 

transcription factor family. This coexpression was then uploaded to the nDEX 

database under the name ‘indOsRKD3’. 
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2.5.6. Motif enrichment analysis  

2.5.6.1. MEME-ChIP analysis of wheat DAPseq peaks 

For MEME-ChIP analysis the parameters set for any number of repetitions, 

minimum motif size 6, max motif size 15, palindromes only, non-randomised 

order, stop searching after 5 motifs had been identified by the dreme 

algorithm, and centrimo set to local central enrichment (McLeay and Bailey, 

2010). Inputs were 50bp flanking regions the centre of overlapping peaks 

called by GEM and MACS2 callpeak (Zhang et al., 2008; Guo et al., 2012). 

2.5.6.2. Predicted AtRKD2 binding sites in rice promoter sequences 

HOMER’s findMotif.pl script was used to find instances of the AtRKD2 motif 

promoter regions 3kb upstream of the gene TSS retrieved from the RAP-DB 

database (Heinz et al., 2010). 

2.5.7. DAPseq analysis of TaRKD1-7D with wheat gDNA  

2.5.7.1. Pre-processing and alignment 

Sequencing reads were pre-processed using fastp with default settings and the 

overrepresentation analysis parameter to remove reads with low quality score, 

irregular GC content, short length, and sequencing adapters present (Chen et 

al., 2018). Trimmed reads were then quality checked using FastQC v0.11.5 

(Andrews, 2010). Trimmed reads were mapped to the IWGSC RefSeq v1.1 

reference genome (nuclear chromosomes only) using bowtie2 (Langmead, 

2013; IWGSC et al., 2018).  
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2.5.7.2. Peak calling 

Mapped reads were filtered for reads containing >MAPQ30 using samtools 

(samtools view –b –q 30) to restrict the number of reads mapping to multiple 

locations in the genome (Li et al., 2009). MAPQ filtered reads were used for 

all subsequent analysis. Peaks were called using GEM and MACS2 callpeak 

(Zhang et al., 2008; Guo et al., 2012). For MACS2 callpeak we set an effective 

genome size of 17e9, a minimum q value of 0.05, the no model parameter and 

an extsize of 200 with GST-HALO negative as a control. For GEM we used 

GST-HALO negative as the control sample for background subtraction and an 

FDR of 0.00001 (--q 5) (Guo et al., 2012).  

2.5.7.3 DAPseq functional and enrichment analysis 

Venn diagram of the number of overlapping peaks was visualised using the R 

package ggplot2 (Wickham, 2011). Peak coverage, and feature distribution 

and enrichment of overlapping peaks was analysed using ChIPAnnopeak 

(Zhu, 2013). GO term enrichment of genes within 10kb of peaks were 

calculated using gProfiler under standard parameters (Reimand et al., 2016). 

The DNA sequences of peaks were extracted using bedtools and analysed for 

motif enrichment using a command line installation of MEME-ChIP with the 

parameters set for any number of repetitions, minimum motif size 6, max motif 

size 15, palindromes only, non-randomised order, stop searching after 5 

dreme-motifs, and for centrimo to look for local central enrichment (McLeay 

and Bailey, 2010; Quinlan and Hall, 2010). Normalised coverage proximal 

and across gene bodies was computed from bigwigs using deepTools (Ramirez 

et al., 2014). 
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2.5.8. ChIPseq analysis of TaRKD1-7D in wheat hypocotyl tissue 

2.5.8.1. Pre-processing and alignment 

Sequencing reads were pre-processed using fastp with default settings and the 

overrepresentation analysis parameter to remove reads with low quality score, 

irregular GC content, short length, and sequencing adapters present (Chen et 

al., 2018). Trimmed reads were then quality checked using FastQC v0.11.5 

(Andrews, 2010). Trimmed reads were mapped to the IWGSC RefSeq v1.1 

reference genome (nuclear chromosomes only) using bowtie2 (Langmead, 

2013; IWGSC et al., 2018).  

2.5.8.2. Peak calling 

Mapped reads were filtered for reads containing >MAPQ30 using samtools 

(samtools view –b –q 30) to restrict the number of reads mapping to multiple 

locations in the genome (Li et al., 2009). MAPQ filtered reads were used for 

all subsequent analysis. Peaks were called using MACS2 callpeak (Zhang et 

al., 2008). For MACS2 callpeak we set an effective genome size of 17e9, a 

minimum q value of 0.05, the no model parameter and an extsize of 200.  

2.5.8.3 ChIPseq functional and enrichment analysis 

Venn diagram of the number of overlapping peaks was visualised using the R 

package ggplot2 (Wickham, 2011). Peak coverage, and feature distribution 

and enrichment of overlapping peaks was analysed using ChIPAnnopeak 

(Zhu, 2013). GO term enrichment of genes within 10kb of peaks were 

calculated using gProfiler under standard parameters (Reimand et al., 2016). 
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Normalised coverage proximal and across gene bodies was computed from 

bigwigs using deepTools (Ramirez et al., 2014). 

2.5.9. Phylogenetic tree and protein alignments 

RKD protein sequences were obtained from NCBI, TAIR, MSU TIGR and 

Ensemble database. The alignment of RKD proteins was computed using 

MAFFT in Jalview (Waterhouse et al., 2009). Phylogenetic tree was 

constructed using MEGA X (Kumar et al., 2016) using the minimum evolution 

method (Rzhetsky and Nei, 1992). The tree was drawn to scale, with branch 

lengths in the same units as those of the evolutionary distances used to infer 

the phylogenetic tree. The evolutionary distances were computed using the 

Poisson correction method  (Zuckerkandl and Pauling, 1965) and are in the 

units of the number of amino acid substitutions per site. The ME tree was 

searched using the Close-Neighbour-Interchange (CNI) algorithm  (Nei and 

Kumar, 2000) at a search level of 1. The Neighbour-joining algorithm (Saitou 

and Nei, 1987) was used to generate the initial tree. All ambiguous positions 

were removed for each sequence pair (pairwise deletion option). There were a 

total of 1486 positions in the final dataset. Evolutionary analyses were 

conducted in MEGA X (Kumar et al., 2018; Stecher et al., 2020). 

2.6. Phenotypic analysis 

2.6.1 Phenotypic screening for higher tiller number transgenic lines 

10 plants from 30 T2 lines were genotyped and grown under standard 

conditions, using an alpha lattice incomplete randomised design computed by 

the R package agricolae, to screen for T2 lines showing higher tiller number 
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phenotypes. Once half of the spikes for each plant had senesced in the plants 

of each line, productive tiller number was counted. Measurements were 

imported into R, and w statistically evaluated using appropriate methods based 

on the distribution, sample number and number of categories within the data 

before visualisation using ggstatsplots (Team R, 2015; Patil, 2021). The 

statistical defaults are designed to follow the best practices in both data 

visualisation and statistical reporting. Additional details can be found in the 

paper quoted above.   

2.6.2 Phenotypic trial for tiller traits   

2.6.2.1. Design and conditions  

The high replication trial was arranged using a complete block design with the 

R package agricolae with 12cm row spacing in p40, p7, and p11 pots in PBF 

during Spring 2019 (de Mendiburu and de Mendiburu, 2019). Plants were 

grown for 100 days and the number of productive tillers, height, spikelet 

number and flag leaf length (from randomly selected leaves) were all counted 

once more than half of the spikes had fully senesced. Vegetative tiller counts 

were taken once every 10 days. Mechanical stress was applied by using a 0.7kg 

weight for 3 seconds, three times in 4-day intervals from the onset of Feekes 

stage 3 growth (Feekes, 1941). 

 2.6.2.2. Spike measurement  

Spikes were photographed on a black background with a ruler for scale using 

a Nikon D50 under auto setting from a fixed height with a ruler. Photos were 

imported into ImageJ and spike length was measured manually after setting a 

scale based on the ruler using the line and measure tool. Rachis elongation was 
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estimated by measuring the length of the rachis and dividing this by the 

number of nodes recorded in ImageJ. Measurements were imported into R, 

and were both statistically evaluated using appropriate methods based on the 

distribution, sample number and number of categories within the data and 

visualised using ggstatsplots (Team R, 2015; Patil, 2021). The statistical 

defaults are designed to follow the best practices in both data visualisation and 

statistical reporting. Additional details can be found in Patil 2021.   

2.6.2.3. Seed threshing and measurements  

Once all plants had fully senesced, seeds were threshed, collected, counted, 

and weighed. Spikes were then threshed for grain and grain number was 

estimated by finding the volume of 100 seeds in a graduated cylinder and 

extrapolating this to the total grain number per plant. Measurements were 

imported into R, and were both statistically evaluating using appropriate 

methods based on the distribution, sample number and number of categories 

within the data and visualised using the ggstatsplots approach (Team R, 2015; 

Patil, 2021). The statistical defaults are designed to follow the best practices 

in both data visualisation and statistical reporting. Additional details can be 

found in Patil 2021.   

2.6.3 Phenotypic trial for spike traits 

2.6.3.1. Design and conditions  

The trial was arranged using a complete randomised block design with the R 

package agricolae with 12cm row spacing in p11 pots and were surrounded by 

wild type plants to control for border effects in PBF during Spring 2020 (de 

Mendiburu and de Mendiburu, 2019). Anthesis was measured once per week. 
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2.6.3.2. Spike measurement  

When plants were fully dried, spikes were taken and photographed using a 

Nikon D50 camera set with an ISO of 400 using the table method outlined in 

the WERecognizer manual (Genaev et al., 2019). Images were then analysed 

using the WERecognizer application with command line on a Windows OS. 

Measurements were imported into R, and were both statistically evaluating 

using appropriate methods based on the distribution, sample number and 

number of categories within the data and visualised using the ggstatsplots 

approach (Team R, 2015; Patil, 2021). The statistical defaults are designed to 

follow the best practices in both data visualisation and statistical reporting. 

Additional details can be found in Patil 2021.   

2.6.3.3. Seed threshing and automated grain counting 

Once all plants had fully senesced, seeds were threshed, collected, counted, 

and weighed. Spikes were threshed for grain and photographed using a Nikon 

D50 on auto setting against a blue background. Images were then imported 

into ImageJ and a macro was made to automate the counting of grain number. 

2.6.4 Phenotypic trial for nitrogen responses  

2.6.4.1. Design and conditions  

The trial was arranged using a complete randomised block design with the R 

package agricolae with 12cm row spacing in 11 pots with three nitrogen soil 

conditions in PBF during Winter/Spring 2021; M1 soil, M1 soil with 3g/1L 

osmocote added, and M1 soil with 6g/1L osmocote added (de Mendiburu and 

de Mendiburu, 2019). Tillers were measured once per week until senescence.  
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2.6.4.2. Spike measurement  

When plants were fully dried, spikes were taken and photographed using a 

Nikon D50 camera set with an ISO of 400 using the table method outlined in 

the WERecognizer manual (Genaev et al., 2019). Images were then analysed 

using the WERecognizer application with command line on a Windows OS. 

Measurements were imported into R, and were both statistically evaluating 

using appropriate methods based on the distribution, sample number and 

number of categories within the data and visualised using the ggstatsplots 

approach (Team R, 2015; Patil, 2021). The statistical defaults are designed to 

follow the best practices in both data visualisation and statistical reporting. 

Additional details can be found in Patil 2021.   

2.6.5. Axillary meristem formation measurement  

Plants were grown for AXM formation measurement under standard 

conditions. 25 plants were dissected and assessed for AXM formation once a 

week for 5 weeks. All plots were generated in R using the package ggplot2 

(Wickham, 2011; Team R, 2015). 

2.6.6. Scanning Electron Microscopy (SEM) 

For scanning electron microscopy (SEM) analysis, 2-3 mm immature 

inflorescences were isolated, those were submerged in fixative solution (2% 

paraformaldehyde, 2.5% glutaraldehyde, 25 mM phosphate buffer (pH 7.0)), 

and incubated at 4°C for 16 hours. After fixation, samples were washed with 

25 mM phosphate buffer three times for 10 minutes each with gentle agitation, 

were dehydrated via a graded ethanol series, and chemically dried using 

HMDS (Sigma, UK). Pre-treatment and SEM imaging were performed in 
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Warwick Electron Microscopy Suite, the sputter coater was used to perform 

sample coating with gold, and SEM imaging was performed. 

2.6.7 Spike x-ray Computerised Tomography scan 

Ten spikes from three genotypes from the spike traits trial were visualised by 

Dr. Paul Wilson of the Warwick Manufacturing Group (WMG). The wheat 

spikes were scanned on a Tescan Unitom XL Micro CT scanner. They were 

scanned at 40kV and 1121µA with an exposure of 70ms over 1583 with 4 

averages using Acquila (Tescan). The resulting radiographs were then 

reconstructed 3D voxelised volume using Acquila Reconstructor (Tescan), 

with a resulting voxel resolution of 50µm. 
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Chapter 3  

 

3.1. Introduction 

3.1.1. Vegetative and inflorescence architecture in wheat 

 
Vegetative architecture in the grasses is determined by the pattern and timing of the 

formation of lateral branches called tillers. Tillering is one of the most important 

domestication traits in wheat and its wild relatives and has had a significant impact on 

wheat yield through breeding high tiller number semi-dwarf varieties via introgression 

of the Rht mutant alleles (Chapter 1). Ideotype breeding for high tiller number typically 

happens at the expense of apical growth, resulting in shorter plants and has also been 

shown to improve nitrogen use efficiency (Khush, 2003). Many researchers have 

increased tiller number through ideotype breeding, resistance to abiotic and biotic 

stresses and increased nitrogen response however, increases in plant growth and 

biomass overall has remained an elusive goal.  

 

Inflorescence architecture is more complex than vegetative architecture, involving an 

intricate genetic network of transcription factors that regulate the meristematic 

determinacy of inflorescence and floral meristems. Like tiller development, 

inflorescence formation is tempered by resource availability and extrinsic 

environmental signals such as photoperiod and temperature (Mouradov et al. 2002; 

Liu et al. 2009). Domestication of the wheat inflorescence, the spike, has involved the 

selection of traits more amenable to agriculture such as free threshing through the Q 

locus (Chapter 1). Here, we aim to identify new morphogenic regulators of vegetative 

and inflorescence architecture by characterising a family of transcription factors, the 
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RKDs, that have long been implicated in pluripotency and the formation of meristem-

like structures through ectopic expression (Waki et al., 2011). We hypothesise that 

ectopic expression of TaRKDs may induce plant architecture phenotypes relevant to 

crop improvement in wheat. Manipulation of axillary meristem formation through the 

mutation of meristematic genes has been done in rice with loss of function mutations 

in TILLERS ABSENT 1 (TAB1), an ortholog of WUSCHEL (WUS) (Chapter 1). 

Additionally, gain of function mutations in ABERRANT PANICLE ORGANIZATION 

1 (APO1), a suppressor of meristematic determinacy, has been shown to increase grain 

number in rice panicles by delaying spikelet formation and was further confirmed 

through ectopic expression which showed an increase in meristem size by inducing 

higher cell proliferation (Muqaddasi et al., 2019).  

 

 
3.1.2. Identification and characterisation of candidate loci in wheat 
 
Historically, identification of causative loci in crop breeding had been performed 

through genetic mapping allowing researchers to track quantitative trait loci (QTL) 

from crosses and characterise their phenotypic effects (Würschum, 2012). Advanced 

functional genomics has allowed further resolution of QTLs to identify individual 

genetic elements within or proximal to genes that are causative of the phenotype. The 

development of bioinformatical resources such as reference assemblies and 

annotations has allowed characterisation and a more systematic understanding of 

important traits in crop breeding in staple and orphan crops (Hu et al., 2018; Ribaut et 

al., 2019). Identification of transcription factors implicated in plant architecture has 

been greatly improved by these developments, allowing the phylogenetic and 

transcriptomic characterisation of less well studied members of that family, allowing 

us to infer roles for them in biological processes and identify those with the potential 
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to improve crop yield and plant development. Despite its agronomic importance, wheat 

research hasn’t had the same bioinformatics resources available as crops that 

contribute similarly to global human calorific intake such as rice due to its large and 

complex polyploid genome. The International Wheat Genome Sequencing 

Consortium (IWGSC) has generated a high-quality annotated reference for wheat 

allowing molecular geneticists and breeders to identify and characterise genes 

implicated in wheat development and agronomically interesting processes to increase 

yield and better understand plant development (Jia et al., 2018; IWGSC, 2018).  

 

3.1.3. Transformation and screening transgenic lines 

Investigating ectopic expression of genes of interest can be performed through two-

component inducible expression systems, such as the XVE two component system 

which induces ectopic expression in the presence of Estradiol (Brand et al., 2006). 

Somatic embryogenesis in wheat varies significantly with variety, elite cultivars like 

‘Fielder’ and ‘Bobwhite’ are typically chosen as they show high efficiencies at 

producing fertile transgenic plants compared to others like ‘Haruyokoi’ and ‘Gamtoos’ 

being completely recalcitrant to agrobacterium transformation (Fennell et al., 1996; 

Zale et al., 2004; Hamada et al., 2017). Independent transformation events require 

screening and characterisation for ectopic gene expression as integration of transgenes 

into heterochromatic regions can result in low or no ectopic expression. Additionally, 

integration of multiple transgenes into the genome can lead to transcriptional/post-

transcriptional gene silencing (Vaucheret et al., 1998). Screening ectopic expression 

of transgenic lines can be performed through reverse transcription polymerase chain 

reaction (RT-PCR) of RNA extracted from tissues of interest as chromatin 

accessibility differs between tissues allowing researchers make associations between 
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tissue specific ectopic expression and phenotypes (Becker-André and Hahlbrock, 

1989).  

 

3.1.4. Tiller phenotyping in wheat  

Plant phenotyping is the primary metric that breeding programs measure crop 

improvement in plant genotypes and requires randomised trials to control for abiotic 

and biotic genetic-environmental interactions that can introduce biases into 

measurements. Tillering has been shown to be regulated by many environmental 

factors such as mechanical damage, nitrogen availability and soil volume. The 

Japanese farming technique ‘touatsu’ (translated as ‘treading pressure’) involves 

application of mechanical damage to wheat and barley seedling by stepping on them 

and has been used since the 17th century to prevent spindled growth by increasing 

tiller number and shortened plant height (Iida, 2014). Nitrogen availability has been 

shown to increase plant biomass and tiller number in rice and wheat due to its critical 

role in plant growth and has been shown to vary by cultivar (Power and Alessi, 1978; 

Amin et al., 2006). Soil volume also been shown to affect tiller number in wheat, being 

synomonous to plant spacing in field conditions, with plants sensing substrate volume 

through root density which proactively modulates shoot growth (Wheeldon et al., 

2021). Here, we aim to characterise tillering phenotypes extensively through the 

introduction of these 3 factors into randomised design trials. 

 

3.1.5. Spike phenotyping in wheat. 

In recent years, there’s been a dramatic increase in the number of state-of-the-art 

technological platforms for phenotyping a range of plant traits in both controlled and 

field conditions (NSF, 2011; Lawrence-Dill et al., 2019). Automated image analysis 
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of phenotypic images has also become standard practice through analysis software 

such as ImageJ and custom programs like WERecognizer allowing researchers to 

provide unbiased results capable of replication (Rasband, 1997; Genaev et al., 2019). 

WERecognizer analyses spike morphology based on 2D images of dry wheat spikes 

and uses a colour checker to control for slight changes in ambient lighting making it a 

widely available, low-cost phenotypic technique. Here, we aim to utilize state-of-the-

art automated image analysis to remove bias in measuring spike phenotypes and traits. 

 

Chapter aims and hypothesis 

The overall aim of this chapter is to identify and characterise zygotic RKD 

transcription factor and their effect on vegetative and inflorescence architecture in 

wheat. This will be addressed through a phylogenetic and transcriptomic analysis of 

RKDs in hexaploid wheat and its wild progenitors to identify a zygotic TaRKD 

transcription factor, followed by transformation and phenotypic characterisation of the 

wheat cultivar ‘Fielder’ using an ectopic expression system for this gene. The question 

being addressed in this chapter is:  

• Can plant architecture be manipulated through ectopic expression of 

zygotic RKDs? 

We aim to provide a resource for others investigating the function of the RKDs in 

wheat and its wild progenitors by characterising unannotated members in IWGSC 

RefSeq v1.1. Further to this, by establishing whether zygotic transcription factors can 

modulate plant architecture through effecting meristem formation we aim to learn 

more about how yield-determining traits can be manipulated in cereal crops.  
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3.2. Results 

3.2.1. Identification of embryonic TaRKD genes in IWGSC RefSeq v1.1 

To identify an embryonic TaRKD gene that could be used as a morphogenic regulator 

for increasing tiller number in wheat, we took open reading frames (ORF) from 17 

previously annotated TaRKD genes and compared them to 2 TaRKD cDNA sequences 

from a cDNA embryo specific expression library (Kőszegi, 2008; Kumar et al., 2018). 

TaRKD1-7A showed the highest homology to embryo specific TaRKDs but had no 

annotated homeologues in IWGSC RefSeq v1.1. Two homoeologous sequences that 

showed high sequence similarity to the 4 TaRKD1-7A ORF sequences in syntenic loci 

on chromosomes 7B and 7D were annotated. To confirm a homoeologous relationship 

between TaRKD1-A, TaRKD1-7B and TaRKD1-7D, a TaRKD amino acid sequence 

phylogeny was constructed using TaRKDs and RKDs from other grass species 

(Supplemental Table 3.1; Supplemental Figure 3.1).  

 

To confirm expression in all TaRKD1 homeologues, whole genome RNAseq data from 

microspore tissue was obtained and analysed, verifying TaRKD1 expression in 

dividing microspore tissue of all three TaRKD1 homeologues (Supplemental Figure 

3.2). Expression profiles of TaRKDs were investigated by obtaining and analysing 

whole genome RNAseq data from using publicly available data from a developmental 

timecourse and hierarchically clustered using a heatmap (Figure 3.1). Two distinct 

expression profiles of TaRKD expression were found: a global vegetative and a 

restricted embryonic expression profile. To confirm that this expression profile was 

evolutionarily retained in wheat progenitors, publicly available transcriptome data 

from a developmental timecourse in the diploid progenitor Aegolips tauschii and the 

tetraploid progenitor Triticum dicoccum was analysed using high confidence TaRKD 
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orthologs in the respective species (Supplementary Table 3.2, Supplementary Figure 

3.3 and Supplementary Table 3.3, Supplementary Figure 3.4). A phylogenetic tree of 

RKD amino acid sequences in grass species and A. thaliana  confirmed that TaRKD1, 

AetRKD1 and TdRKD1 cluster together and show high similarity to the well 

characterised zygotic transcription factor AtRKD4 (Figure 3.2).\ 

 

Figure 3.1. Heatmap of TaRKD expression. Heatmap of re-analysed publicly available 
developmental timecourse transcriptome samples shows two distinct expression profiles of 
TaRKD genes from Supplementary Table 3.1: a global vegetative expression profile (top) and 
a restricted embryonic expression profile (bottom). Scale displayed is logarithmically 
transformed transcript per million values from Kallisto quant.  Hierarchical clustering was 
performed on TaRKD genes and is displayed as a dendrogram on the side of the heatmap. 
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Figure 3.2. Phylogenetic tree of RKD genes in the grasses and Arabidopsis. 92 protein 
sequences of RKD genes from several grass species and the dicot Arabidopsis. Values at 
branches represent evolutionary distance between sequences. Species key; Aet = Aegolips 
tauschii, At = Arabidopsis thaliana, Bradi = Brachypodium distachyon, Mp = Marchantia 
polymorpha, Os = Oryza sativa ssp. japonica, Seita = Setaria indica, Sevir = Setaria virdis, 
Ta = Triticum aestivum, Td = Triticum dicoccum. Zygotic RKDs from Figure 3.1 are 
underlined in red. 
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3.2.2. Transformation and screening of indTaRKD1-7D transgenic lines for 

higher tiller number and ectopic TaRKD1-7D expression 

A two-component XVE inducible indTaRKD1-7D expression construct was 

transformed into ‘Fielder’ by NIAB Cambridge. Transgenic lines were screened for 

high copy T-DNA insertion number using DNA profiling and 55 indTaRKD1-7D T1 

lines were transferred and propagated at the phytobiology facility (PBF) at the 

University of Warwick. To confirm that all transgenic lines were single copy, 55 

indTaRKD1-7D T2 lines were genotyped for multiple T-DNA insertions. A summary 

of these results can be found in Table 3.1. To construct an indTaRKD1-7D expression 

profile for transgenic lines, 40 high confidence single copy T2 lines were screened for 

indTaRKD1-7D in leaf tissue using RT-PCR with the chemical inducer Estradiol 

(Figure 3.3).  

 

16 transgenic T2 lines that showed moderate to high indTaRKD1-7D expression were 

also screened for indTaRKD1-7D in immature embryo tissue using RT-PCR with and 

without the presence of the chemical inducer Estradiol (Figure 3.4). This showed that 

a high number of transgenic lines had ectopic indTaRKD1-7D expression in vegetative 

and reproductive tissues. Somatic embryogenesis was tested in 9 lines that showed 

immature embryo expression but couldn’t induce callus formation in the scutellum. 

However, indTaRKD1-7D #2.28 showed a polyembryonic phenotype with a frequency 

of 2% (4/200) suggesting that ectopic indTaRKD1-7D expression can drive somatic 

embryogenesis in certain tissue contexts (Supplemental Figure 3.5).  
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Figure 3.3. RT-PCR of TaRKD1-7D expression across T2 transgenic lines in leaf tissue.  
TaRKD1-7D expression was quantified through RT-PCR for 32 cycles using TaGAPDH as a 
control at 24 cycles. Leaf tissue was soaked in 40M of estradiol or a mock solution containing 
0.01% (w/v) Tween-20 (E and M). TaRKD1-7D and TaGAPDH amplicons are labelled on the 
left of the panels and solution treatment above. Each box corresponds to the transgenic line 
labelled above, details for which can be found in Table 3.1. 
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Figure 3.4. RT-PCR of TaRKD1-7D expression across T2 transgenic lines in immature 
embryo tissue.  TaRKD1-7D expression was quantified through RT-PCR for 32 cycles using 
TaGAPDH as a control at 24 cycles. 20 Immature embryos were excised from the caryopsis 
12-18 days after anthesis and were soaked in 40M of estradiol or a mock solution containing 
0.01% (w/v) Tween-20 (E and M). TaRKD1-7D and TaGAPDH amplicons are labelled on the 
left of the panels and solution treatment above. Each box corresponds to the transgenic line 
labelled above, details for which can be found in Table 3.1. 
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Table 3.1. List of indTaRKD1-7D lines. 

 

NIAB construct Sample name Construct Resistance PCR positives Multiple copy
bar 1_ 1._ pERV-Basta-TaRKD1-7D basta 10 Yes
bar 1_1 1.1 pERV-Basta-TaRKD1-7D basta 8 No
bar 1_12 1.12 pERV-Basta-TaRKD1-7D basta 10 Yes
bar 1_13 1.13 pERV-Basta-TaRKD1-7D basta 4 No
bar 1_15 1.15 pERV-Basta-TaRKD1-7D basta 5 No
bar 1_16 1.16 pERV-Basta-TaRKD1-7D basta 9 Yes
bar 1_17 1.17 pERV-Basta-TaRKD1-7D basta 6 No
bar 1_18 1.18 pERV-Basta-TaRKD1-7D basta 8 No
bar 1_2 1.2 pERV-Basta-TaRKD1-7D basta 7 No
bar 1_20 1.20. pERV-Basta-TaRKD1-7D basta 10 Yes
bar 1_21 1.21 pERV-Basta-TaRKD1-7D basta 3 No
bar 1_24 1.24 pERV-Basta-TaRKD1-7D basta 10 Yes
bar 1_25 1.25 pERV-Basta-TaRKD1-7D basta 10 Yes
bar 1_4 1.4 pERV-Basta-TaRKD1-7D basta 8 No
bar 1_6 1.6 pERV-Basta-TaRKD1-7D basta 2 No
bar 1_7 1.7 pERV-Basta-TaRKD1-7D basta 4 No
bar 1_8 1.8 pERV-Basta-TaRKD1-7D basta 7 No
bar 1_9 1.9 pERV-Basta-TaRKD1-7D basta 2 No
bar 1_control 1 Bar 1.C.1 None control 0 No
bar 1_control2 Bar 1.C.2 None control 0 No
bar 2_1 2.1 pERV-Basta-TaRKD1-7D basta 9 Yes
bar 2_10 2.10. pERV-Basta-TaRKD1-7D basta 9 Yes
bar 2_12 2.12 pERV-Basta-TaRKD1-7D basta 10 Yes
bar 2_13 2.13 pERV-Basta-TaRKD1-7D basta 10 Yes
bar 2_14 2.14 pERV-Basta-TaRKD1-7D basta 5 No
bar 2_15 2.15 pERV-Basta-TaRKD1-7D basta 4 No
bar 2_17 2.17 pERV-Basta-TaRKD1-7D basta 7 No
bar 2_18 2.18 pERV-Basta-TaRKD1-7D basta 10 Yes
bar 2_19 2.19 pERV-Basta-TaRKD1-7D basta 10 Yes
bar 2_2 2.2 pERV-Basta-TaRKD1-7D basta 10 Yes
bar 2_20 2.20. pERV-Basta-TaRKD1-7D basta 8 No
bar 2_23 2.23 pERV-Basta-TaRKD1-7D basta 4 No
bar 2_24 2.24 pERV-Basta-TaRKD1-7D basta 6 No
bar 2_25 2.25 pERV-Basta-TaRKD1-7D basta 2 No
bar 2_26 2.26 pERV-Basta-TaRKD1-7D basta 9 Yes
bar 2_28 2.28 pERV-Basta-TaRKD1-7D basta 7 No
bar 2_29 2.29 pERV-Basta-TaRKD1-7D basta 8 No
bar 2_31 2.31 pERV-Basta-TaRKD1-7D basta 10 Yes
bar 2_34 2.34 pERV-Basta-TaRKD1-7D Basta 9 Yes
bar 2_4 2.4 pERV-Basta-TaRKD1-7D basta 4 No
bar 2_5 2.5 pERV-Basta-TaRKD1-7D basta 6 No
bar 2_6 2.6 pERV-Basta-TaRKD1-7D Basta 4 No
bar 2_7 2.7 pERV-Basta-TaRKD1-7D basta 7 No
bar 2_8 2.8 pERV-Basta-TaRKD1-7D basta 10 Yes
bar 2_9 2.9 pERV-Basta-TaRKD1-7D Basta 9 Yes
bar 2_control1 Bar 2.C.1 None control 0 No
bar 2_control2 Bar 2.C.2 None control 0 No
hyg 3_1 3.1 pERV-Hyg-TaRKD1-7D hygromycin 7 No
hyg 3_10 3.10. pERV-Hyg-TaRKD1-7D hygromycin 2 No
hyg 3_11 3.11 pERV-Hyg-TaRKD1-7D hygromycin 10 Yes
hyg 3_12 3.12 pERV-Hyg-TaRKD1-7D hygromycin 6 No
hyg 3_14 3.14 pERV-Hyg-TaRKD1-7D hygromycin 5 No
hyg 3_14a 3.14a pERV-Hyg-TaRKD1-7D hygromycin 10 Yes
hyg 3_3 3.3 pERV-Hyg-TaRKD1-7D Hygromycin 4 No
hyg 3_5 3.5 pERV-Hyg-TaRKD1-7D Hygromycin 8 No
hyg 3_7 3.7 pERV-Hyg-TaRKD1-7D hygromycin 3 No
hyg 3_7a 3.7a pERV-Hyg-TaRKD1-7D hygromycin 10 Yes
hyg 3_8 3.8 pERV-Hyg-TaRKD1-7D hygromycin 4 No
hyg 3_9 3.9 pERV-Hyg-TaRKD1-7D hygromycin 8 No
hyg 3_control Hyg 3.C None control 0 No
hyg 3_control1 Hyg 3.C.1 None control 0 No
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To investigate whether ectopic expression of indTaRKD1-7D could increase tiller 

number we measured the reproductive tiller number of 26 transgenic lines (including 

all lines showed moderate to high indTaRKD1-7D leaf expression) that were 

genotypically positive for indTaRKD1-7D and 2 null segregants. indTaRKD1-7D 

qPCR was performed using TaGAPDH as a control to confirm the relationship 

between indTaRKD1-7D ectopic expression and reproductive tiller number showing a 

moderate positive Pearson correlation of 0.497 with relative TaRKD1-7D expression. 

#1.4 and #2.28 were chosen for a high replication trial for tiller traits as they exhibited 

ectopic expression and increased tiller number (Figure 3.3, Figure 3.6). Increased 

rachis elongation amongst high tillering lines was also observed suggesting ectopic 

indTaRKD1-7D expression had spike trait phenotypes (Supplementary Figure 3.6, 

Supplementary Figure 3.7, and Supplementary Figure 3.8). 

 

3.2.3. Increased tiller number and seed weight in two indTaRKD1-7D T3 lines. 

Homozygous T3 lines were selected for indTaRKD1-7D #1.4 and #2.28 to be grown 

for a tiller traits trial. Two indTaRKD1-7D T3 lines were selected for each independent 

transgenic event (#1.4 and #2.28) and grown with a randomised design for 100 days. 

Soil volume and mechanical stress treatment were used as factors in the experiments 

as they’ve been described in the literature to play a role in tiller development. Increased 

reproductive tiller number was observed in indTaRKD1-7D T3 lines at senescence 

(Figure 3.7, Figure 3.8).  

A 
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Figure 3.8. Reproductive tiller number two indTaRKD1-7D T3 lines. Reproductive tiller 
number from plants measured from counting the number of fully developed spikes at 
senescence. Sample number of each transgenic line is described in the (n=x) brackets below 
the label. The mean value is given by μ in the centre of each boxplot and sample points are 
highlighted in their condition’s respective colour. Details of tests used for statistical analysis 
is on the bottom right of the plot. Significant difference between conditions is indicated by the 
horizontal brackets above the samples and values corresponding to these significant 
differences are indicated on top of the bracket. Additional statistics can be found on the top 
left of the plot. 
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Figure 3.9. Plant height in indTaRKD1-7D #1.4 T3 line. Height measured from the base of 
the plant to the tallest spike at senescence. Sample number of each transgenic line is described 
in the (n=x) brackets below the label. The mean value is given by μ in the centre of each 
boxplot and sample points are highlighted in their condition’s respective colour. Details of 
tests used for statistical analysis is on the bottom right of the plot. Significant difference 
between conditions is indicated by the horizontal brackets above the samples and values 
corresponding to these significant differences are indicated on top of the bracket. Additional 
statistics can be found on the top left of the plot. 
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Figure 3.10. Seed weight per plant in two indTaRKD1-7D T3 lines. Seed weight measured 
after threshing fully dried spikes. Sample number of each transgenic line is described in the 
(n=x) brackets below the label. The mean value is given by μ in the centre of each boxplot and 
sample points are highlighted in their condition’s respective colour. Details of tests used for 
statistical analysis is on the bottom right of the plot. Significant difference between conditions 
is indicated by the horizontal brackets above the samples and values corresponding to these 
significant differences are indicated on top of the bracket. Additional statistics can be found 
on the top left of the plot. 
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However, an increase in unproductive tillers was also observed in indTaRKD1-7D #1.4 

(Supplementary Figure 3.9). Days to maturity was significantly delayed in both 

indTaRKD1-7D T3 lines, a common characteristic of high tiller number phenotypes 

(Supplementary Figure 3.10). Additionally, increased height was also observed 

amongst  indTaRKD1-7D T3 lines, in contrast to most characterised high tiller number 

phenotypes in the literature (Figure 3.9). No significant differences were found in flag 

leaf area (Supplementary Figure 3.11).  Increased seed weight per plant and per 1000 

seeds was observed in both indTaRKD1-7D T3 lines suggesting that ectopic TaRKD1-

7D might work as a breeding strategy for increasing yield in wheat (Figure 3.10, 

Supplementary Figure 3.12). Increased tiller number and height was observed across 

1000ml and 250ml soil volume conditions, and while indTaRKD1-7D lines in 50ml 

soil volume showed higher vegetative tiller number at 50 days after sowing, no 

significant difference in reproductive tiller number was observed (Supplementary 

Figure 3.13, Supplementary Figure 3.14).  

 

No significant differences were found between mechanical stress treated and non-

treated plants (Supplementary Figure 3.15, Supplementary Figure 3.16). Finally, 

Increased spike length was observed in both indTaRKD1-7D T3 lines to a similar 

extent after manually measured image analysis (Figure 3.11). Significant border 

effects in the tiller trial as spike phenotypes have been previously shown to be very 

sensitive to environmental variation (Supplemental Figure 3.17). A summary of these 

results can be found in Supplementary Table 3.6 and Supplementary Table 3.7. An 

independent time course trial measuring axillary meristem formation in two 

indTaRKD1-7D T3 lines confirmed higher tiller formation from axillary meristem 

formation and outgrowth (Supplementary Figure 3.18, Supplementary Figure 3.19). 
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3.2.4. Increased spikelet number per spike in two indTaRKD1-7D T3 lines 

To confirm spike phenotypes in indTaRKD1-7D, a second trial with a border of wild 

type plant was conducted. Two homozygous indTaRKD1-7D T3 lines were selected 

from independent transgenic events (#1.4 and #2.28) and grown with wild type and an 

indTaRKD1-7D null segregant in a randomised design with a border of wild type 

plants for 100 days. Anthesis time was significantly delayed in both indTaRKD1-7D 

T3 lines from 60 to 80 days after sowing, consistent with the delayed maturity 

phenotype seen in the previous trial (Supplementary Figure 3.20, Supplementary Table 

3.4). Spike traits were measured after senescence using an automated image analysis 

program called WERecognizer. Increased area and length were found in indTaRKD1-

7D spikes compared to both wild type and null segregants (Supplementary Figure 3.21, 

Supplementary Figure 3.22).  Increased spikelet number per spike was found amongst 

indTaRKD1-7D T3 lines from grain number data collected by automated image 

analysis but with no increase in interspikelet rachis elongation as previously suggested 

by the tiller traits trial (Figure 3.12, Figure 3.13). A summary of these results can be 

found in Supplementary Table 3.9 and Supplementary Table 3.10. Spikes from both 

indTaRKD1-7D #1.4 and #2.28 were visualised with scanning electron microscopy 

(SEM) and light microscopy to show increased spikelet number during spike 

development (Figure 3.14). X-ray computerise tomography (CT) scanning was also 

performed to image spikes for phenotypic differences (Figure 3.15). An increase in 

spikelet size could be seen, (but was not statistically evaluated) between 2 

indTaRKD1-7D T3 lines and the wild type from 4 averaged scans (Supplementary 

Figure 3.23, Supplemental Figure 3.24). Following the characterisation of tiller and 

spike traits in indTaRKD1-7D lines we investigated whether these phenotypes were 

linked to nitrogen use efficiency. 
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Figure 3.11. Spike length in two indTaRKD1-7D T3 lines. Spike length of fully dried spikes 
measured by ImageJ. Sample number of each transgenic line is described in the (n=x) brackets 
below the label. The mean value is given by μ in the centre of each boxplot and sample points 
are highlighted in their condition’s respective colour. Details of tests used for statistical 
analysis is on the bottom right of the plot. Significant difference between conditions is 
indicated by the horizontal brackets above the samples and values corresponding to these 
significant differences are indicated on top of the bracket. Additional statistics can be found 
on the top left of the plot. 
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Figure 3.12. Spikelet number per spike in two indTaRKD1-7D T3 lines. Spikelet number 
per spike of fully dried spikes calculated by dividing the grain number by two and subtracting 
1. Sample number of each transgenic line is described in the (n=x) brackets below the label. 
The mean value is given by μ in the centre of each boxplot and sample points are highlighted 
in their condition’s respective colour. Details of tests used for statistical analysis is on the 
bottom right of the plot. Significant difference between conditions is indicated by the 
horizontal brackets above the samples and values corresponding to these significant 
differences are indicated on top of the bracket. Additional statistics can be found on the top 
left of the plot. 
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Figure 3.13. Rachis elongation in two indTaRKD1-7D T3 lines. Spike length measured by 
WERecognizer was divided by grain number measured using an imageJ macro to calculate 
rachis elongation. Sample number of each transgenic line is described in the (n=x) brackets 
below the label. The mean value is given by μ in the centre of each boxplot and sample points 
are highlighted in their condition’s respective colour. Details of tests used for statistical 
analysis is on the bottom right of the plot. Significant difference between conditions is 
indicated by the horizontal brackets above the samples and values corresponding to these 
significant differences are indicated on top of the bracket. Additional statistics can be found 
on the top left of the plot. 
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Figure 3.14. Images of indTaRKD1-7D spikes shows increased spikelet number per spike. 
Representative spikes from the spike traits trial were taken and imaged using Scanning 
Electron Microscopy (SEM). Bars in A, B, and C are set to 200µm while bars in D, E, and F 
are set to 1mm. (A) SEM image of Wild type spike. (B) SEM image of indTaRKD1-7D #1.4 
spike. (C) SEM image of indTaRKD1-7D #2.28 spike. (D) Light microscope image of Wild 
type spike. (E) Light microscope image of indTaRKD1-7D #1.4 spike. (F) Light microscope 
image of indTaRKD1-7D #2.28 spike. Scale bars = 1mm 
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3.2.5. Increased tiller number in two indTaRKD1-7D T3 lines independent of 

nitrogen availability 

Two homozygous indTaRKD1-7D T3 lines were selected from independent transgenic 

events (#1.4 and #2.28) and grown in a randomised design with a border of wild type 

plants for 100 days and three nitrogen availability conditions; M2 soil with 0g added 

osmocote, M2 soil with 3g added osmocote and M2 soil with 6g added osmocote. 

Increased reproductive tiller number was observed in indTaRKD1-7D #1.4 

independent of nitrogen availability as there was no significant difference between any 

of the soil conditions (Supplemental Figure 3.25). Increased reproductive tiller number 

was observed in indTaRKD1-7D #2.28 partially dependent on nitrogen availability as 

there was only a significant different between 0g and 6g (Supplemental Figure 3.26). 

Wild type showed significant differences between 0g and 3g, and 0g and 6g 

(Supplemental Figure 3.27, Figure 3.16). Interestingly, lower nitrogen concentrations 

(0g and 3g) showed greater differences in reproductive tiller number in indTaRKD1-

7D #1.4 and #2.28 compared to wild type than at higher nitrogen concentrations (6g).  

 

Spike traits were measured after senescence using an automated image analysis 

program called WERecognizer. Spike area and length showed comparable differences 

between the three nitrogen availability conditions across all genotypes (Supplemental 

Figure 3.28, Supplemental Figure 3.29, Supplemental Figure 3.30, Figure 3.17). A 

summary of these results can be found in Supplementary Table 3.11 and 

Supplementary Table 3.12. Finally, we next investigated whether increased 

indTaRKD1-7D expression through treatment of indTaRKD1-7D #1.4 plants with the 

chemical inducer Estradiol in a semi-hydroponics system would lead to an increase in 

tiller number. 
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Figure 3.16. Nitrogen response trial shows two indTaRKD1-7D T3 lines with increased 
reproductive tiller number independent of nitrogen availability. Reproductive tiller 
number from plants measured from counting the number of fully developed spikes at 
senescence. 0g, 3g and 6g represent the amount of Osmocote added o M2 soil. Incremental 
increases can be seen across the three nitrogen conditions in WT, between 0g and 6g in 2.28 
and no significant differences in 1.4. Better resolution of nitrogen response with reproductive 
tiller number can be seen in Supplemental Figures 3.23, 3.24 and 3.25. Sample number of each 
transgenic line is described in the (n=x) brackets below the label. The mean value is given by 
μ in the centre of each boxplot and sample points are highlighted in their condition’s respective 
colour. Statistical significance hasn’t been plotted here due to high condition number. 
Additional statistics can be found on the top left of the plot. 
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Figure 3.17. Nitrogen response trial shows two indTaRKD1-7D T3 lines with no increase 
in nitrogen use efficiency for spike area. Ear area of fully dried spikes calculated by 
WERecognizer. 0g, 3g and 6g describes osmocote added to the M2 soil. Comparable 
incremental increases can be seen across the three nitrogen conditions in all genotypes. Better 
resolution of nitrogen response with Ear area can be seen in Supplemental Figures 3.20, 3.21 
and 3.22. Sample number of each transgenic line is described in the (n=x) brackets below the 
label. The mean value is given by μ in the centre of each boxplot and sample points are 
highlighted in their condition’s respective colour. Statistical significance hasn’t been plotted 
here due to high condition number. Additional statistics can be found on the top left of the 
plot. 
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3.2.6. No increase in tiller number for estradiol treatment of indTaRKD1-7D #1.4 

A homozygous indTaRKD1-7D #1.4 T3 line was grown in a semi hydroponics system 

for 50 days and treated with Estradiol or a mock solution. No increases in tiller number 

or total plant biomass were observed between indTaRKD1-7D #1.4 treatments 

(Supplementary Figure 3.31, Supplementary Figure 3.32.). A summary of these results 

can be found in Supplementary Table 3.13 and Supplementary Table 3.14. 

 

3.3. Discussion 

3.3.1. Zygotic RKD transcription factors in nature  

RWP-RK transcription factors have been extensively studied through their effects on 

nitrogen use efficiency and nodule developments using the NLP transcription factors 

and somatic embryogenesis, pluripotency, and embryo development through the 

zygotic RKD transcription factors (Chapter 1). Manipulation of meristem initiation 

and determinacy to modulate vegetative and inflorescence architecture has been 

previously shown through a variety of morphogenic regulators in many grass species 

as highlighted in the introduction of this chapter. Most of these morphogenic regulators 

have a role in either axillary meristem (AXM) initiation or floral meristem (FM) 

determinacy. Ectopic expression of zygotic RKD transcription factors in mandarins 

has been shown to drive somatic embryogenesis in nucellar tissue leading to a 

polyembryonic phenotype (Shimada et al., 2018). No evidence of a natural role in 

meristem formation for zygotic RKD transcription factors has been found in the 

grasses.  
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3.3.2. Characterising RKD transcription factors in wheat and its wild progenitors 

Bioinformatics resources such as the wheat expression browser have provided 

invaluable information for investigating expression of wheat genes in a variety of 

tissues (Ramírez-González et al., 2018). Incomplete annotation of zygotic TaRKDs in 

IWGSC RefSeq v1.1., likely due to their low tissue-specific expression counts, means 

that phylogenetic and transcriptomic characterisation of this gene family had to be 

carried out by reanalysing publicly available developmental time course data and for 

a custom annotation file to be created for all subsequent analysis. In this thesis we’ve 

provided a thorough annotation of the TaRKD, AetRKD and TdRKD families in 

Triticum aestivum, Aegolips tauschii, and Triticum dicoccum and characterised their 

expression profiles in a variety of tissues from publicly available sequencing data.   

 

3.3.3. Ectopic TaRKD1-7D expression increases tiller number in wheat 

Here, we’ve shown that ectopic expression TaRKD1-7D in vegetative tissue increases 

reproductive tiller number in the wheat cultivar ‘Fielder’. Additionally, it was found 

that vegetative tiller number could be increased even in plants with limited nutrient 

availability in a soil volume of 250ml. This suggests that TaRKD1-7D induces higher 

tiller number independent of intrinsic signalling of resource allocation and 

environmental conditions which typically temper tiller number for vigour. Nitrogen 

response trials showed that no significant difference in reproductive tiller number 

could be seen in high TaRKD1-7D ectopic expression regardless of nitrogen 

availability confirming that higher tiller number was induced independent of 

environmental factors. Additionally, this would allow plants to induce higher tiller 

number in environments with less nutrient availability (Supplementary figure 3.24 and 

Supplementary figure 3.26). To address the limitation of this as a potential breeding 
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strategy, it must be noted that increased unproductive tillers were found in high 

TaRKD1-7D ectopic expression lines and that in many field conditions it is not 

favourable to have phenotypes that increase tiller number regardless of environmental 

conditions. However, it have extensively been shown in the literature that higher tiller 

number phenotypes improve yield through increased nitrogen response, including ones 

linked to epigenomic regulation (Gooding et al., 2012; Wu et al., 2020). 

 

3.3.4. TaRKD1-7D induced higher tiller number increases total plant biomass and 

seed weight 

Ideotype breeding for higher tiller number tends to result in reduced plant height as 

more resources are allocated for axillary rather than apical growth (Chapter 1). We’ve 

found that high ectopic TaRKD1-7D expression increases plant height and total plant 

biomass suggesting decreased meristematic determinacy in the shoot apical meristem 

(SAM). So, while our main phenotype described here remains reproductive tiller 

number, it must be noted that this is phenotypically very different to other classic semi-

dwarf high tiller number varieties in the literature such as the Rht1 mutant alleles 

(Allan et al., 1959). We also see high amounts of histone H4 and toluidine staining in 

SAM tissue like in AXM tissue suggesting ectopic TaRKD1-7D expression can 

increase the formation of AXM tissue and decrease determinacy in SAM by a similar 

mechanism as seen in Chapter 4. Increased seed weight per plant was observed in high 

and moderate ectopic TaRKD1-7D expression lines suggesting that despite an increase 

in unproductive tillers, grain yield is increased with ectopic TaRKD1-7D expression. 

Seed weight per 1000 also showed a significant increase with ectopic TaRKD1-7D 

expression however, this phenotypic trait has been shown to vary significantly in trials 

and may need a field trial for confirmation. Typically, it has been shown that without 
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increased spacing or longer growing seasons, higher tiller number leads to less seed 

weight per 1000 (Duggan et al., 2005; Jobson et al., 2019). 

 

3.3.5. TaRKD1-7D induced higher tiller number increases spikelet number per 

spike 

As mentioned in the introduction, inflorescence architecture is determined through a 

complex network of genetic and environmental factors. High and moderate ectopic 

expression of TaRKD1-7D has similar effects on spikelet number per spike with both 

showing a significant increase relative to wild type and a null segregant. Whether this 

is a downstream effect of delayed flowering or decreased meristematic determinacy 

which has been shown in the literature is hard to determine due to TaRKD1-7D’s 

ectopic expression (Brassac et al., 2021; Glenn et al., 2021). Perhaps one way to 

confirm this would be to assess TaRKD1-7D expression in the FM, however full 

confirmation of TaRKD1-7D’s as a potential meristematic determinacy regulator will 

require further work beyond this thesis.  

 

3.3.6. TaRKD1-7D expression level dependent tiller number induction in wheat 

Our failure to show an expression level dependent tiller number phenotype in wheat 

here is at least partially down to our choice of chemical inducer. While others have 

managed to use it effectively for ectopic expression it appears to be difficult to use in 

large and complex tissues (Chapter 4 discussion). Further confirmation of this 

hypothesis comes later in the thesis where we show an expression dependent tiller 

number phenotype in rice using the chemical inducer Dexamethasone (Chapter 5). 
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3.3.7. Phenotypic model for TaRKD1-7D induced higher tiller number  

We hypothesize a model where ectopic TaRKD1-7D expression in pre-meristematic 

tissue can increase AXM initiation, formation, and maintenance through 

dedifferentiation of vegetative tissue, leading to an increase in vegetative tiller number. 

Following this, we speculate that other phenotypic traits in TaRKD1-7D induced 

higher tiller number plants such as increased plant height and increased spikelet 

number per spikes are caused through decreased meristematic determinacy of SAM 

and FM tissue respectively, through ectopic expression of TaRKD1-7D in these stem 

cell niches. This agrees with the extensively characterised role of zygotic RKD 

transcription factors of inducing somatic embryogenesis, a process that 

dedifferentiates vegetative tissues to a more pluripotent state (Waki et al., 2011). In 

the next chapter, we will characterise the molecular pathways of TaRKD1-7D in a 

variety of tissues to gain a greater understanding of how ectopic TaRKD1-7D 

expression increases meristem formation and determinacy in wheat. 
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Chapter 4  

 

4.1. Introduction 

4.1.1. Gene regulation in eukaryotes 

Eukaryote development is orchestrated through a complex set of interactions between 

an organism’s genome and environmental cues. The central dogma of molecular 

biology defines the two major stages of how genetic information relates to functional 

processes as transcription and translation. Eukaryotic transcription is regulated by 

three RNA polymerases and master regulators called transcription factors allowing 

expression profiles in tissues and cells that are spatially and temporally specific. RNA 

polymerases bind promoter regions along with transcription factors to transcribe 

complementary mRNA sequences that are translated into amino-acid sequence and 

folded with ribosomes rand chaperones to form proteins, the functional unit of the cell.  

 

Eukaryotic transcription has many unique regulatory elements compared to 

prokaryotes. While prokaryotes have proximal promoter elements that regulate the 

spatial and temporal expression of genes, eukaryotes have multiple unique promoter 

elements such as the TATA box and downstream core elements allowing the formation 

of complex secondary structures not typically found in prokaryotic gene regulation 

(Horokoshi et al., 1990; Lee et al., 2005). Other processes such as 5’ capping, 

polyadenylation and alternative splicing regulate which exons are translated and the 

half-life of an mRNA strand allowing post-transcriptional control of gene expression 

(Rogers and Wall, 1980; Colgan and Manley, 1997; Ramanathan et al., 2016).  
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Spatial and temporal expression profiles are regulated by chromatin accessibility in 

eukaryotes by determining whether RNA polymerases and transcription factors can 

bind to motifs to induce transcriptional cascades involved in biological processes 

allowing the complex tissue specific expression patterns that can be seen in 

multicellular eukaryotes [ref]. While this enables certain genes to show very restricted 

expression profiles limited to specific developmental stages or as responses to 

environmental signals, others show ubiquitous expression profiles being expressed in 

multiple tissues playing ‘house-keeping’ roles in cellular functions. Accessible regions 

of chromatin are called euchromatin and are typically associated with histone 

modifications such as acetyl groups or the well characterised H3K4me3 mark, while 

inaccessible regions of chromatin called heterochromatin are associated with negative 

marks such as H3K27me3 (Ferrari et al., 2014; Howe et al., 2017). 

 

4.1.2. Transcriptomics and sequencing 

The transcriptome is the complete set of all transcripts in a cell at a particular 

developmental stage or condition, and their quantity. The species of transcript isolated 

or excluded depends on the library preparation technique, most procedures involve 

poly-A tail enrichment or rRNA exclusion for a high-quality mRNA library as rRNA 

is estimated to make up 90% of the transcriptome (Zhao et al., 2018). Since the 

sequencing of the human genome in 2003 there has been extraordinary progress in 

genome sequencing technologies with short read sequencing providing accurate and 

affordable data that allows researchers to investigate molecular processes in their 

organism of interest.  
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RNAseq is commonly used for interrogating transcriptomics questions and has 

multiple advantages compared to previous transcriptomic profiling techniques such as 

microarrays and EST-libraries like lower background noise (Wang et al., 2009). While 

microarrays required pre-defined sequence probes to estimate quantities of transcripts, 

RNAseq can measure the quantity of any sequence allowing transcriptomic profiling 

of non-model organisms and novel isoforms of transcripts. RNAseq analysis allows 

investigation into multiple biological phenomena helping researchers draw 

conclusions based on differential transcriptome profiles between conditions such as 

species, genotypes, tissues, timepoints and treatments. Sample number and read 

coverage also play a significant role in the experimental design although most analyses 

are recommended to prioritise sample number over read depth unless the RNA species 

being investigated has low expression (Baccarella et al., 2018). Library preparation 

can be an important consideration too as amplification cycles of adapter ligated 

sequences can introduce amplification biases to transcripts with higher GC content, 

this has led to the development of multiple PCR-free library preparations (Aird et al., 

2011).  

 

4.1.3. Aligning reads to reference assemblies of large complex genomes 

The development of advanced functional genomics in wheat to identify and 

characterise genes implicated in developmental and agronomically interesting 

processes hasn’t progressed as quickly as in other cereal crops such as barley and rice 

due to its large and complex polyploid genome. Recent developments have resulted in 

the International Wheat Genome Sequencing Consortium (IWGSC) generating a high-

quality annotated reference for wheat allowing molecular geneticists and breeders to 

identify and characterise genes implicated in wheat development to provide a greater 
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understanding of how we can develop novel breeding strategies to meet the increased 

demand of wheat yield in the 21st century (Jia et al., 2018; IWGSC, 2018). Aligning 

trimmed reads to a genome can be performed with splice aware alignment software 

such as HISAT and STAR (Dobin et al., 2013; Kim et al., 2015). With large complex 

genomes like wheat, we require an alternative strategy to process reads. Sailfish 

showed promise for this as an aligner that was less frugal with the alignment step 

which led to a much smaller run-time compared to other conventional aligners (Patro 

et al., 2014). Kallisto dropped the alignment paradigm completely by mapping 

trimmed reads directly to a cDNA library without processing exact alignments 

between the reads and the reference sequence, outputting the most probable transcript, 

making the process much more computationally efficient and applicable to wheat 

(Bray et al., 2016). This pseudoalignment strategy also has the added benefit of 

providing direct quantification of transcripts, significantly speeding up analysis. 

We’ve used the pseudoaligner kallisto in this chapter to quantify transcripts in a variety 

of wheat RNAseq experiments. 

 

4.1.4. Coexpression network analysis  

Weighted correlation network analysis has been integral to systems biology since 

microarray sequencing was common practice. Finding highly correlated clusters of 

genes (modules) allows us to construct a spatial relationship of how genes in a 

transcriptional cascade are regulated and annotate nodes (genes) with information like 

fold change from RNAseq, ChIPseq or DAPseq data and whether the node is a 

transcription factor or has a particular biological function from databases like Interpro. 

Network analysis is a strong exploratory tool for identifying potential candidates and 

choosing those correlated with other nodes involved in biological processes of interest. 
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Weighted Gene Coexpression Network Analysis (WGCNA) and GeneNet are 

typically used for modelling and inferring gene networks as well as less common 

packages such as bc3net (Kolpakov et al., 1998; Langfelder et al., 2008; de Matos 

Simoes and Emmert-Streib, 2016). Integrating multiple network algorithm to control 

for statistical biases inherent in certain approaches can be used to create high 

confidence correlation networks (Yu et al, 2018). Here, we’ve generated and analysed 

a high confidence gene coexpression correlation network in wheat meristematic tissue. 

 

4.1.5. Sequencing techniques for finding transcription factor binding sites  

Chromatin immunoprecipitation sequencing (ChIPseq) and DNA affinity purification 

sequencing (DAPseq) are two methods of interrogating the interactions between 

proteins and chromatin (Ren et al., 2000; Bartlett et al., 2017). ChIPseq is an in vivo 

method of mapping DNA-binding proteins or histone modifications across the genome 

in a particular chromatin accessibility context. Chromatin accessibility is a widely 

studied characteristic of eukaryotic genomes as its profile varies between cells, tissues, 

and environmental stimuli. This marks a distinct difference to DAPseq as an in vitro 

method of mapping of tagged DNA-binding proteins to the genome irrelevant of a 

tissue’s chromatin context. Intersecting ChIPseq, DAPseq and RNAseq data allows 

high confidence identification of candidate gene implicated in transcriptional cascade 

induced by transcription factor binding. We’ve utilised all 3 of these sequencing 

techniques here to fully elucidate the transcriptional cascades implicated in ectopic 

TaRKD1-7D expression. 
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Chapter aims and hypothesis 

The overall aim of this chapter is to molecularly characterise how ectopic TaRKD1-

7D expression induces higher tiller number and potentially higher spikelet number per 

spike. This aim will be addressed by the analysis of several whole genome RNA-seq 

experiments from indTaRKD1-7D lines and publicly available data relevant to 

tillering, as well as investigating binding targets of TaRKD1-7D to elucidate its full 

transcriptional cascade. Additionally, RNA in situ experiments and coexpression 

network analysis will be performed to characterise any molecular pathways or models 

proposed. The question being addressed in this chapter is: 

 

• What molecular mechanisms are involved in TaRKD1-7D induced 

meristem formation and indeterminacy? 

 
By investigating and analysing bioinformatics data relevant to indTaRKD1-7D and 

tillering, molecular and phenotypic data to propose a novel strategy for how yield-

determining traits are determined and can be manipulated. 

 

 

 

 

 

 

 

 

 



 104 

4.2. Results 

4.2.1 indTaRKD1-7D #1.4 leaf tissue shows upregulation of photosynthetic genes 

To investigate the molecular pathways implicated in ectopic expression of 

indTaRKD1-7D in wheat an RNAseq experiment was performed with a transgenic line 

that had shown high vegetative tissue expression. Whole genome RNAseq data from 

indTaRKD1-7D #1.4 leaf tissue were obtained using three sample conditions: 

transgenic �stradiol (TE), transgenic mock ™, and non-transge�stradioldiol (NE). 

TaRKD1-7D expression was verified in all transgenic samples and replicate 

concordance was confirmed using principal component analysis (PCA) 

(Supplementary figure 4.1, Figure 4.1). Pairwise comparisons for differentially genes 

(DEGs) were made between indTaRKD1-7D #1.4 and wild type samples to obtain a 

high confidence list of 5651 overlapping DEGs (shared DEGs) (Figure 4.1). Both TE 

vs NE DEGs (56% up) and TM vs NE DEGs (53% up) showed greater upregulation 

of DEGs (Supplemental Figure 4.2, Supplemental Figure 4.3). Shared DEGs clustered 

together and showed similar expression profiles across both indTaRKD1-7D 

conditions (Figure 4.2). Gene ontology (GO) term analysis was carried out on 

upregulated shared DEGs to test for functional enrichment of biological processes, 

cellular components, and molecular functions, showing significant enrichment of 

photosynthetic terms (Figure 4.3). Since transcriptomic differences between 

indTaRKD1-7D #1.4 and wild type could have been the result of TaRKD1-7D 

upregulating photosynthetic genes or energy demands for increased vegetative tissue 

growth, a less differentiated pluripotent tissue, immature embryo, was chosen for 

further RNAseq analysis to identify molecular pathways implicated in tiller 

development. 
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Figure 4.1. PCA of samples and Venn diagram of DEGs from indTaRKD1-7D #1.4 Leaf  
RNAseq experiment. TE = Transge�stradioldiol leaf, TM = Transgenic mock leaf, and NE 
= non-transge�stradioldiol leaf. (A) Principal component analysis (PCA) of indTaRKD1-7D 
#1.4 Leaf RNAseq samples coloured according to genotype and treatment condition as 
described in the legend on the right. Percentage of variance accounted for in each principal 
component is denoted beside the label. (B) Venn diagram of differentially expressed genes 
(DEGs) shared component analysis (PCA) and 2 pairwise differential comparisons TM vs NE 
and TE vs NE. Percentages highlight proportion of total genes between both pairwise 
differential comparisons. 
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Figure 4.2. Heatmap of Shared DEGs expression from indTaRKD1-7D #1.4 Leaf RNAseq 
experiment. TE = Transge�stradioldiol leaf, TM = Transgenic mock leaf, and NE = non-
transge�stradioldiol leaf. Scale displayed is row scaled logarithmically transformed DESeq2 
normalised count values from Kallisto quant.  Hierarchical clustering was performed on 
indTaRKD1-7D #1.4 leaf shared DEGs and is displayed as a dendrogram on the side of the 
heatmap. Hierarchical clustering was also performed on samples and is displayed as a 
dendrogram on the top of the heatmap. 
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Figure 4.3. GO term analysis of upregulated indTaRKD1-7D #1.4 leaf shared DEGs. The 
top 20 most significant gene ontology (GO) terms from the upregulated indTaRKD1-7D #1.4 
leaf shared DEGs are plotted here. GO terms are labelled on the y axis and the ratio of genes 
for a GO term in the upregulated indTaRKD1-7D #1.4 leaf shared DEGs compared to the total 
number of genes corresponding to that GO term in the genome is plotted on the x axis. Point 
size is determined by the number of genes from that GO term in the indTaRKD1-7D #1.4 leaf 
shared DEGs as denoted on the legend on the right. False discovery rate (FDR) is computed 
by taking the -log10 of the p.value determined from an enrichment test with a Benjimini-
Hochberg correction and is coloured as denoted on the legend on the right. 
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4.2.2. indTaRKD1-7D #2.28 immature embryo tissue shows upregulation of 

chromatin and nucleosome assembly genes 

 
To investigate the molecular pathways directly implicated in indTaRKD1-7D induced 

higher meristem formation and tiller number, an RNAseq experiment was performed 

with immature embryo tissue with a transgenic line that had shown high immature 

tissue expression. Whole genome RNAseq data from indTaRKD1-7D #2.28 immature 

embryo tissue were obtained using three sample conditions: transge�stradioldiol (TE), 

transgenic m™(TM), and wi�stradiolstradiol (WE). TaRKD1-7D expression was 

verified in all transgenic samples and replicate concordance were confirmed using 

principal component analysis (PCA) (Supplementary Figure 4.4, Figure 4.4). Pairwise 

comparisons for differentially expressed genes (DEGs) were made between 

indTaRKD1-7D #2.28 and wild type to obtain a high confidence list of 2073 

overlapping DEGs (shared DEGs). Both TE vs WE DEGs (75% up) and TM vs WE 

DEGs (61% up) showed greater upregulation of DEGs (Supplemental Figure 4.5, 

Supplemental Figure 4.6). Shared DEGs clustered together and showed similar 

expression profiles across both indTaRKD1-7D conditions (Figure 4.5). Gene 

ontology (GO) term analysis was carried out on upregulated shared DEGs to test for 

functional enrichment of biological processes, cellular components, and molecular 

functions, showing significant enrichment of chromatin and nucleosome assembly 

terms (Figure 4.6). We also tested for differential expression of transcription factor 

(TF) families in indTaRKD1-7D samples and found significant upregulation of the 

stem cell niche promoting TFs BBR/BPC and significant downregulation of abiotic 

stress-related TFs such as AP2/ERFs (Mizoi et al., 2012; Theune et al., 2019) 

(Supplementary Figure 4.7). This was consistent with a model where ectopic 

indTaRKD1-7D expression was inducing higher cell proliferation in axillary meristem 
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tissue or increased the formation of meristematic stem cell niches that later developed 

into tillers. Additionally, the well characterised role of RKDs in the literature as 

zygotic TFs that promote the formation of dedifferentiated tissue through activation of 

cell division and epigenetic regulators supported this model. To investigate whether 

these molecular pathways were restricted to indTaRKD1-7D induced higher tiller 

number, we decided to analyse other high tiller number phenotypes in near isogenic 

lines (NILs) from publicly available RNAseq data from tiller nodes.  
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Figure 4.4. PCA of samples and Venn diagram of DEGs from indTaRKD1-7D #2.28 
Immature embryo RNAseq experiment. IE_TE = Immature embryo transgenic estradiol, 
IE_TM = Immature embryo transgenic mock, and IE_WE = Immature embryo wild type 
estradiol. (A) Principal component analysis (PCA) of indTaRKD1-7D #2.28 Immature embryo 
RNAseq samples coloured according to genotype and treatment condition as described in the 
legend on the right. Percentage of variance accounted for in each principal component is 
denoted beside the label. (B) Venn diagram of differentially expressed genes (DEGs) shared 
between the pairwise differential comparisons IE_TM vs IE_WE and IE_TE vs IE_WE. 
Percentages highlights the proportion of total genes between both pairwise differential 
comparisons. 
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Figure 4.5. Heatmap of Shared DEGs expression from indTaRKD1-7D #2.28 immature 
embryo RNAseq experiment. IE_TE = Immature embryo transgenic estradiol, IE_TM = 
Immature embryo transgenic mock, and IE_WE = Immature embryo wild type estradiol. Scale 
displayed is row scaled logarithmically transformed DESeq2 normalised count values from 
Kallisto quant.  Hierarchical clustering was performed on indTaRKD1-7D immature embryo 
shared DEGs and is displayed as a dendrogram on the side of the heatmap. Hierarchical 
clustering was also performed on samples and is displayed as a dendrogram on the top of the 
heatmap. 
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Figure 4.6. GO term analysis of upregulated indTaRKD1-7D #2.28 immature embryo 
shared DEGs. The top 20 most significant gene ontology (GO) terms from the upregulated 
indTaRKD1-7D #2.28 immature embryo shared DEGs are plotted here. GO terms are labelled 
on the y axis and the ratio of genes for a GO term in the Shared DEGs compared to the total 
number of genes corresponding to that GO term in the genome is plotted on the x axis. Point 
size is determined by the number of genes from that GO term in the upregulated indTaRKD1-
7D #2.28 immature embryo shared DEGs as denoted on the legend on the right. False 
discovery rate (FDR) is computed by taking the -log10 of the p.value determined from an 
enrichment test with a Benjimini-Hochberg correction and is coloured as denoted on the 
legend on the right. 
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4.2.3. NIL tiller node tissue shows upregulation of functional terms found in 

indTaRKD1-7D leaf and immature embryo tissue 

To investigate whether indTaRKD1-7D induced higher tiller number shared molecular 

pathways with other high tiller number phenotypes we reanalysed publicly available 

RNAseq data from tiller nodes. Tiller node samples were taken 30 days after sowing 

from two pairs of two near isogenic lines, NIL 1A (free tillering – wild type) and NIL 

1B (low tillering - Qltn.sicau-2D), and NIL7A (free tillering – wild type) and NIL7B 

(low tillering - Qltn.sicau-2D), that differed with the integration of the low tillering 

Qltn.sicau-2D allele into the free tillering CN16 Chinese spring cultivar (Wang et al., 

2016a). This was seen as an appropriate tissue and genotypic context to investigate 

what genes were upregulated in other high tiller number phenotypes. Whole genome 

RNAseq data from NIL tiller node tissue were downloaded and analysed. Replicate 

concordance was confirmed using principal component analysis (PCA) (Figure 4.7). 

Pairwise comparisons for differentially expressed genes (DEGs) were made between 

high tiller number NILs and low tiller number NILs from their respective crosses to a 

obtain high confidence list of 4914 overlapping DEGs (shared DEGs). Shared DEGs 

clustered together and showed similar expression profiles across both high tiller 

number conditions (Figure 4.8). Gene ontology (GO) term analysis was carried out on 

upregulated shared DEGs to test for functional enrichment of biological processes, 

cellular components, and molecular functions, showing significant enrichment 

photosynthetic terms such as thylakoid and chromatin/nucleosome assembly terms 

like DNA packaging complex (Figure 4.9). We decided to test for differential 

expression of transcription factor (TF) families in all three analysed RNAseq 

experiments and found two distinct clades of TF differential expression formed; an 

upregulation clade with TFs involved in pluripotency and cell cycle such as E2F/DF, 
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RB and BBR/BPC and a downregulation clade with TFs involved in stress response 

such as tify, WRKY and AP2/ERF (Ren et al., 2002; Chunge et al., 2009; Mizoi et al., 

2012; Phukan et al., 2016; Theune et al., 2019) (Figure 4.10). This provided further 

evidence that cell cycle pathways were implicated in transcriptional cascades 

implicated in tiller development and not restricted to indTaRKD1-7D induced higher 

tiller number. 
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Figure 4.7. PCA of samples and Venn diagram of DEGs from NIL tiller node RNAseq 
experiment. NIL1B = NIL1B tiller node (low tillering - Qltn.sicau-2D), NIL7B = NIL7B tiller 
node (low tillering - Qltn.sicau-2D), NIL1A = NIL1A tiller node (free tillering – wild type), 
NIL7A tiller node (free tillering – wild type). (A) PCA of NIL tiller node samples coloured 
according to genotype and treatment condition as described in the legend on the right. 
Percentage of variance accounted for in each principal component is denoted beside the label. 
(B) Venn diagram of DEGs shared between the pairwise differential comparisons NIL1A vs 
NIL1B and NIL7A vs NIL7B. Percentages highlight proportion of total genes between both 
pairwise differential comparisons. 
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Figure 4.8. Heatmap of Shared DEGs expression from NIL tiller node RNAseq 
experiment. NIL1B = NIL1B tiller node (low tillering - Qltn.sicau-2D), NIL7B = NIL7B tiller 
node (low tillering - Qltn.sicau-2D), NIL1A = NIL1A tiller node (free tillering – wild type ), 
NIL7A tiller node (free tillering – wild type). Scale displayed is row scaled logarithmically 
transformed DESeq2 normalised count values from Kallisto quant.  Hierarchical clustering 
was performed on NIL tiller node shared DEGs and is displayed as a dendrogram on the side 
of the heatmap. Hierarchical clustering was also performed on samples and is displayed as a 
dendrogram on the top of the heatmap. 
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Figure 4.9. GO term analysis of upregulated NIL tiller node shared DEGs. The top 20 
most significant gene ontology (GO) terms from the upregulated NIL tiller node shared DEGs 
are plotted here. GO terms are labelled on the y axis and the ratio of genes for a GO term in 
the upregulated NIL tiller node shared DEGs compared to the total number of genes 
corresponding to that GO term in the genome is plotted on the x axis. Point size is determined 
by the number of genes from that GO term in the upregulated NIL tiller node shared DEGs as 
denoted on the legend on the right. False discovery rate (FDR) is computed by taking the -
log10 of the p.value determined from an enrichment test with a Benjimini-Hochberg correction 
and is coloured as denoted on the legend on the right. 
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Figure 4.10. Heatmap of TF family differential regulation enrichment. Differential 
regulation of transcription factor (TF) families from the indTaRKD1-7D #2.28 immature 
embryo (IE RKD), indTaRKD1-7D #1.4 leaf (Leaf RKD) and NIL tiller node (NIL) RNAseq 
experiments. Two distinct clades of TF differential expression profiles can be seen here: an 
upregulated clade (top) and a downregulated clade (bottom). Scale displayed is column scaled 
logarithmically transformed differential values from gage.  Hierarchical clustering was 
performed on NIL tiller number shared DEGs and is displayed as a dendrogram on the side of 
the heatmap. Hierarchical clustering was also performed on samples and is displayed as a 
dendrogram on the top of the heatmap. 
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4.2.4. An upregulated indTaRKD1-7D #2.28 immature embryo shared DEGs 

coexpression network shows enrichment of histone H4 and HMG genes 

 

Based on our transcriptomics analyses we hypothesized that ectopic expression of 

indTaRKD1-7D was increasing axillary meristem formation through chromatin 

remodelling around cell cycle genes. An RNA in-situ of tiller nodes using a histone 

H4 probe was performed as histone H4 is highly expressed in actively dividing cells. 

Increased histone H4 localisations was observed 14 days after sowing and toluidine 

blue staining showed a higher number of axillary meristems present in indTaRKD1-

7D tissue (Figure 4.11). Additionally, immunolocalization of TaRKD1-7D using a 

TaRKD1-7D antibody was carried out in axillary meristem tissue to confirm 

colocalization of both TaRKD1-7D and histone H4 in developing axils (Figure 4.12). 

To investigate the molecular pathways induced by TaRKD1-7D implicated in cell 

cycle and chromatin remodelling in meristematic tissue, a coexpression network was 

constructed and analysed using indTaRKD1-7D #2.28 immature embryo shared DEGs 

and publicly available meristematic tissue timecourse data. This network was filtered 

for significant coexpression correlations with at least one indTaRKD1-7D #2.28 

immature embryo shared DEG and seperated into coexpression clusters. GO term 

analysis of coexpression clusters showed significant enrichment of functional terms 

implicated in DNA conformational change, RNA processing and cell cycle (Figure 

4.13). This network is available for visualisation at nDEX under ‘Immature embryo 

upregulated DEGs Meristem GO term’. Redundant GO terms in the two largest 

clusters were removed and visualised in semantic space showing terms for DNA 

replication and cytokinin signalling in the RNA processing cluster and terms for 

histone conformational change cluster (Figure 4.14, Figure 4.15). 
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Figure 4.11. Toluidine staining and histone H4 RNA in-situ of indTaRKD1-7D #1.4 tiller 
nodes shows enrichment of cell division and histone H4. Tiller nodes from indTaRKD1-7D 
#1.4 and wild type (WT) plants were taken 14 days after sowing and stained with Toluidine. 
RNA in-situ was performed with indTaRKD1-7D #1.4 and WT tiller nodes at 14 days and at 
32 days with wild type only to correct for delayed tiller node formation. 
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Figure 4.12. TaRKD1-7D protein immunolocalization in axillary meristem tissue. 
Immunodetection of TaRKD1-7D using a TaRKD1-7D antibody on longitudinal sections of 
developing axils. A) Wild type developing axil. B) indTaRKD1-7D #1.4 developing axil. 
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Figure 4.13. Upregulated indTaRKD1-7D #2.28 shared DEGs coexpression network 
clustered and functionally annotated. Nodes (genes) and edges (coexpression) are spatially 
arranged with an edge-directed springboard layout in cytoscape and clustered using 
AutoAnnotate. Larger nodes represent transcription factors. Each colour represents a cluster 
with a significant GO term that can be found in its representative colour in the top left.  
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Pectin_lyase_fold/virulence

MutM-like_N-ter

Kinesin_motor_dom_sf

Papain-like_cys_pep_sf

RING-CH-C4HC3_LTN1

Rx_N

Fig4-like

TPR-like_helical_dom_sf

Histone-fold

TIF2_asu_C

CENP-T/H4_C

PheRS_DBD3

NUDIX_hydrolase-like_dom_sf

PUS1/PUS2-like

WHIM2_dom

SANTA

Protein_kinase_ATP_BS

WH_DNA-bd_sf

BAH_sf

IQ_motif_EF-hand-BS

tRNA-synt_1_cat_dom

Pept_M16_N

DNA2/NAM7-like_C

CDCA7/CDA7L

Ankyrin_rpt-contain_sf

G_DYNAMIN_dom

P-loop_NTPase

Histone_H2A_CS

Nucleoporin_S59-like

Protein_kinase_ATP_BS

RNA_pol_Rpb2_2_sf

Pept_M16_N

AAA_lid_10

GROEL-like_equatorial_sf

CSN8_PSD8_EIF3K

Peptidase_S1_PA_chymotrypsin

KH_dom_type_1_sf

LRR_dom_sf

CENP-T/H4_C

MCD1

Ltv1

Znf_NHR/GATA

Chaperonin_GroES_sf

TPR_repeat

AB_hydrolase

P-loop_NTPase

Donson

DUF1666

GRIP_dom

CENP-T/H4_C

SBP_sf

RibonucZ/Hydroxyglut_hydro

SRA-YDG_sf

WH-like_DNA-bd_sf

REPA_OB_2

Myb_dom

Kinesin_motor_dom_sf

Kinesin_motor_dom_sf

LZ3wCH

Rx_N

GAGA-bd_tscrpt_act

LRR_dom_sf

L36e_sf

MCM_complex-bd

CRAL-TRIO_dom_sf

Rad21/Rec8-like

CRIB_dom_sf

TM_Fragile-X-F-assoc

EF-hand_13

CH_dom_sf

DYW_dom

ACR1-12

HORMA_dom_sf

SMC3_ABC_euk

Kinase-like_dom_sf

GRF

TPR-like_helical_dom_sf

LRR_dom_sf

Histone_H2A_CS

Papain-like_cys_pep_sf

Peptidase_C1A_papain-like

Myb-like_dom

Methylthiotransferase_N_sf

ALOG

HATPase_C_sf

ML_PG-PI_TP

NUP2/50/61

HATPase_C_sf

SWIB_MDM2_dom_sf

KH_dom_type_1_sf

TF_TCP_subgr

HATPase_C_sf

Znf_Dof

Cullin_repeat-like_dom_sf

Porin_Euk/Tom40

TPR-like_helical_dom_sf

Ribo_hydro-like

Histone-fold

PWWP_dom

Histone-fold

Cyclin

Protein_kinase_ATP_BS

Web

F-box-like_dom_sf

C2_domain_sf

ARM-type_fold

P-loop_NTPase

HMG_box_dom_sf

VAP

KH_dom_type_1_sf

Nucleoporin_S59-like

Histone-fold

RST

F-box-like_dom_sf

SEPARIN_core_dom

Kinase-like_dom_sf

Histone_H2A_CS

WD40_repeat_dom_sf

LIN37

ARM-type_fold

UBQ-conjugating_enzyme/RWD

PyrdxlP-dep_Trfase

DBC1/CARP1_inactive_NUDIX_dom

CH_dom_sf

PP5_C

BPM_C

TAP42/TAP46-like_sf

PDCD2_C

DUF630

J_dom_sf

Histone-fold

Znf_RING/FYVE/PHD

Ankyrin_rpt-contain_sf

ABI

J_dom_sf

Papain-like_cys_pep_sf

FBD

FPF1

FAS1_dom_sf

SMR11/SMR16

C2_domain_sf

MutS_con_dom_sf

VAP

F-box-like_dom_sf

Histone-fold

Cytochrome_B561-rel

Cyclin-like_sf

UBQ-conjugating_enzyme/RWD

Znf_RING/FYVE/PHD

Tubulin/FtsZ_C_sf

Cyclophilin-like_dom_sf

WD40_repeat_dom_sf

MID_MedPIWI

Znf_CCCH_sf

WD40_repeat_dom_sf

Histone-fold

RFA2-like

Protein_kinase_ATP_BS

Rossmann-like_a/b/a_fold

F-box-like_dom_sf

TPR-contain_dom

Jas

MCM_lid

NAD(P)-bd_dom_sf

HMG_box_dom_sf

PI3/4_kinase_cat_sf

COR413

TPR-like_helical_dom_sf

J_dom_sf

CRAL-TRIO_dom_sf

Nucleoporin_Nup155_C_3

Ankyrin_rpt-contain_sf

SNF2-like_sf

ExoRNase_PH_dom2_sf
MCM_lid

Metalthion_15p

Preph_deHydtase_CS

Cyclin

PSII_Pbs27_sf

LRR_dom_sf

CHUP1-like

Bub1/Mad3

MCRS_N

Ald_DH_CS_GLU

Kinesin_motor_dom_sf

LRR_dom_sf

ProX/PRXD1

CENP-T/H4_C

TPR-like_helical_dom_sf

Rx_N

Ras_GTPase_bind_prot

Histone-fold

SAUR_fam

Btz_dom

MutS_con_dom_sf

No t2 /3 /5

FH2_Formin_sf

Glycoside_hydrolase_SF

Myb_dom

RBD_domain_sf

Znf_RanBP2_sf

Zf-FLZ_dom

ICln/Lot5

HORMA_dom_sf

E2F-DP_heterodim

RBD_domain_sf

AMP-dep_Synthh-like_sf

7-in-absentia-prot_TRAF-dom

Histone_H2A_CS

Reticulon

FANCI_S2

Condensin_barren_su2

WD40_repeat_dom_sf

RlmI_PUA-like

RmlC-like_jellyroll

Prot-tyrosine_phosphatase-like

FAD/NAD-bd_sf

F-box-like_dom_sf

DNA-bd_pseudobarrel_sf

Frigida

LRR_dom_sf

Protein_kinase_ATP_BS

Scorpion_toxin-like_sf

LOR_sf

T_SNARE_dom

WH-like_DNA-bd_sf

CAF1A

Histone_H2A_CS

DCTPP

NAB

WD40_repeat_dom_sf

DUF630

GROEL-like_equatorial_sf

Protein_kinase_ATP_BS

PPP2R3C

Symplekin/Pta1_N

ARM-type_fold

tRNA_met_Trm1_C

Peptidase_S1_PA_chymotrypsin

Histone_H2A_C

Nse4/EID

AB_hydrolase

WD40_repeat_dom_sf

Class_I_gatase-like

Kinesin_motor_dom_sf

GAT_sf

Mad3/Bub1_I

HDGF-rel_PWWP

RBD_domain_sf

ARM-type_fold

At4g38062-l ike

Homeobox-like_sf

SNF2-like_sf

Znf_RING/FYVE/PHD

PRMT5_C

CSTF2_C_sf

Papain-like_cys_pep_sf

HAD_2

Kinesin_motor_dom_sf

TDU_repeat

Kinesin_motor_dom_sf

Fatty_acid_hydroxylase

WH_DNA-bd_sf

Znf_RING/FYVE/PHD

HABP4/SERBP1

Znf-4CXXC_R1

LSm5

Kinesin_motor_dom_sf

FBD

Glyco_hydro_3_N_sf

TPX2_C

MCM_lid

FAD/NAD-bd_sf

Kinesin_motor_dom_sf

BSD_dom

Ala_tRNA_ligase_euk/bac

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

NPC2-like

Rad51_DMC1_RadA

WD40_repeat_dom_sf
Kinase-like_dom_sf

WD40_repeat_dom_sf

SMAD_FHA_dom_sf

CHL1/DDX11

Myb_dom

Rad21/Rec8-like

Histone-fold

AB_hydrolase

Mpv17_PMP22

Pre-SET_CXC

F-box-like_dom_sf

RBD_domain_sf

BAG5/6/7/8

F-box-like_dom_sf

WD40_repeat_dom_sf

Ribosomal_S28e_CS

Retrotrans_gag_dom

Ribosomal_S24e_CS

Histone-fold

Papain-like_cys_pep_sf

Kinesin_motor_dom_sf

RBD_domain_sf

Apc5

DNA_glycosylase

Papain-like_cys_pep_sf

BPM_C

LRR_dom_sf

Znf-CCCH_4

P-loop_NTPase

WD40_repeat_dom_sf

LRR_dom_sf

HAD-like_sf

ARM-type_fold

Whirly

BRCT_dom_sf

Web

FAD/NAD-bd_sf

Exp1_repeat_2

LRR_dom_sf

RecQ_Zn-bd

F-box-like_dom_sf

KH_dom_type_1_sf

Pre-SET_CXC

CDC45

Cdc24_OB3

MBD10/11

G_DYNAMIN_dom

Osmotin/thaumatin-like_sf

PInositol-4-P-5-kinase_N

MCM_lid

DUF1666

Znf_CCHC_sf

Branching_enzy

Histone_H2A_CS

Ankyrin_rpt-contain_sf

DUF1618

CCT_domain

TPR-like_helical_dom_sf

P-loop_NTPase

Aur

PWP2

Kinesin_motor_dom_sf

AminoTfrase-like_pln_mobile

IQ_motif_EF-hand-BS

Uncharacterised_XH

PPR_long

Ribosomal_S3_C_sf

Vta1/CALS_N

FAD/NAD-bd_sf

WD40_repeat_dom_sf

Nucleoporin_S59-like

WD40_repeat_dom_sf

Kinesin_motor_dom_sf

ARM-type_fold

Las1

AAA_lid_3

REPA_OB_2

WH-like_DNA-bd_sf

Polycomb_protein_VEFS-Box

PTAC12

WH_DNA-bd_sf

HATPase_C_sf

P-loop_NTPase

Sin3-like

CENP-T/H4_C

TRANK1

ARM-type_fold

AT_hook_DNA-bd_motif

LRR_dom_sf

GROEL-like_equatorial_sf

Rx_N

DUF3741-assoc

Cyclin-like_sf

MAM33_sf

tRNA_met_Trm1_C

Ub-E1_IAD_1

Thioredoxin-like_sf

UCP016988

TAT_signal

Tubulin/FtsZ_C_sf

ATPase_NBD

HIBYL-CoA-H

HLH_DNA-bd_sf

Nse4/EID

F-box-like_dom_sf

F-box-like_dom_sf

SKP1/BTB/POZ_sf

HS1-bd

WH_DNA-bd_sf

Thymidate_synth/dCMP_Mease_sf

ARM-type_fold

PAH_sf

Mt_carrier_dom_sf

SAP_dom_sf

AldOxase/xan_DH_Mopterin-bd_sf

DYW_dom

DUF4283

G_DYNAMIN_dom

CRIB_dom_sf

SCC2/Nipped-B

P-loop_NTPase

TIF_eIF4e-like

Saposin-like

AB_hydrolase

Nop_C

RBD_domain_sf

Rrm1

VIR_N

DNA2/NAM7-like_C

TPR_repeat

Importin_beta

Ribosomal_L27/L41_mit

Shugoshin_C

Cyclin

RNaseH_sf

WD40_repeat_dom_sf

Protein_kinase_ATP_BS

Palmitoyltrfase_DHHC

WH-like_DNA-bd_sf

TPR-like_helical_dom_sf

Histone-fold

WD40_repeat_dom_sf

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

RNaseH_sf

CENP-T/H4_C

TopoI_DNA-bd_euk_N_sf

SWAP

GCP_N

AAA_lid_10

5-3_exonuclease_C_sf

WD40_repeat_dom_sf

HMA_dom_sfRUVBL2_DII

SNF2-like_sf

WD40_repeat_dom_sf

Znf_RING/FYVE/PHD

ClpA/ClpB_AAA_lid

CRIB_dom_sf

X8

TruD_catalytic

TOG

Znf_RING/FYVE/PHD

Histone-fold

CENP-T/H4_C

P-loop_NTPase

MOM1

Coilin_N

Dev_and_cell_death_domain

F-box-like_dom_sf

DNA_pol_e_bsu_N

TOPRIM_DnaG/twinkle

GROEL-like_equatorial_sf

Condensin_barren_su2

DNA-bd_pseudobarrel_sf

Hect_E3_ubiquitin_ligase

WH_DNA-bd_sf

SAM-dependent_MTases

MAP65_Ase1_PRC1

Ubiquitin-like_domsf

WH-like_DNA-bd_sf

NAP-like_sf

TGT-like_sf

Anticodon_Met

Ipi1_N

FKS1-like_dom1

Cnd3_C

GAUT

P-loop_NTPase

DNA-bd_pseudobarrel_sf

THOC7/Mft1

L18e/L15P_sf

WD40_repeat_CS

SRA-YDG_sf

Znf_C2H2_sf

Protein_kinase_ATP_BS

J_dom_sf

Nucleoporin_S59-like

Rpb5-like

HSP20-like_chaperone

eIF3m_C_helix

Wound_ind

Histone_H2A_C

TPX2_central_dom

HLH_DNA-bd_sf

CENP-T/H4_C

ZN622/Rei1/Reh1_Znf-C2H2

CENP-T/H4_C

RBD_domain_sf

Subtilisin-like_FN3

AB_hydrolase

At4g38062-l ike

JASON

WAP

CHL1/DDX11

Remorin_C

RBD_domain_sf

GINS_bundle-like_dom_sf

RNA_pol_Rpb1_3_sf

NAA40

Cyclin

NAP-like_sf

TRHO_N

DUF1668_ORYSA

Nucellin

KH_dom_type_1_sf

RNaseH_sf

PPR_long

Znf_NHR/GATA

Metal_Hydrolase

RNA_pol-assoc_fac_A49-like

Znf_PHD-finger

Ribokinase-like

Cyclin

ARM-type_fold

TPR_repeat

Histone_H2A_C

MAM33_sf

Palmitoyltrfase_DHHC

BT1

TPR-like_helical_dom_sf
Protein_kinase_ATP_BS

Histone_H2A_CS

CHUP1-like

Btz_dom

BRCT_dom_sf

DNA-bd_pseudobarrel_sf

EME1/EME2_C

Kinesin_motor_dom_sf

Ebp2

DUF4378

KH_dom_type_1_sf

Dbr1_N

TPX2_central_dom

SMC3_ABC_euk

Sugar_P_trans_dom

APC1_C

FAD-bd_PCMH-like_sf

Histone-fold

Sugar_P_trans_dom

Importin_beta

Lectin_gal-bd_sf

IF_2B-like_C

Ribosomal_S23/S29_mit

DNA-bd_pseudobarrel_sf

SMC4_ABC_euk

Ribosomal_L13_sf

Papain-like_cys_pep_sf

HABP4/SERBP1

Ndc80_sf

ARM-type_fold

J_dom_sf

FAS1_dom_sf

Zf-FLZ_dom

F-box-like_dom_sf

Alfin

Ribosomal_L39e_dom_sf

TPR-like_helical_dom_sf

ARM-type_fold

CuRO_1_LCC

UBQ-conjugating_AS

Histone-fold

MCM_lid

HLH_DNA-bd_sf

RBD_domain_sf

Cyt_P450_sf

Znf_CCCH

XS_domain_sf

RPL19

Clp_N_dom_sf

Dev_and_cell_death_domain

TAF1A-like

UPS_plant

TF_GRAS

NAD(P)-bd_dom_sf

SPX_dom

TPR-like_helical_dom_sf

NSP1/NUP62

Cyt_P450_sf

RLI_dom_1

DNA_primase_ssu_euk/arc

LRR_dom_sf

WD40_repeat_dom_sf

Peptidase_C1A_papain-like

MORF/ORRM1/DAG-like

LRR_dom_sf

Snf7_fam

PheRS_beta_core

LRR_dom_sf

Frigida

ARID_dom_sf

HMG_box_dom_sf

F-box-like_dom_sf

Znf_RING/FYVE/PHD

At1g76660-l ike

Arg_succ_lyase_C

CuRO_3_LCC

Kinase-like_dom_sf

Histone-fold

Osmotin/thaumatin-like_sf

EDR4-like

Transketolase_C

Histone-fold

E2F-DP_heterodim

Nop14

Kinesin_motor_dom_sf

MutS_con_dom_sf

Cyclin

TPR-like_helical_dom_sf

CENP-T/H4_C

F-box-like_dom_sf

NOP9

Histone-fold

Mad3/Bub1_I

Glyco_trans_48

TPR_repeat

LRR_dom_sf

RBD_domain_sf

Ankyrin_rpt-contain_sf

AB_hydrolase

DUF4110

WD40_repeat_dom_sf

RNaseH-like_sf

SNF2-like_sf

Pds5

Dihydro-acid_dehy_C

SCC2/Nipped-B

LRR_dom_sf

Histone-fold

RPA43_OB

Histone-fold

DNA/RNA_pol_sf

PPM-type_dom_sf

Myb_dom

Puta_zinc/iron-chelating_dom

HABP4/SERBP1

Histone-fold

CRIB_dom_sf

SCD2-like

Mlo

Frigida

BRCT_dom_sf

Coilin_N

Prot-tyrosine_phosphatase-like

Cyt_P450_sf

UBQ-conjugating_enzyme/RWD

Protodermal_1

Importin_beta

Gyrase/topoIV_suA_C

HSP90_C

CDCA7/CDA7L

AAA_lid_10

P-loop_NTPase

Brix

Kelch-typ_b-propeller

RBD_domain_sf

HATPase_C_sf

WD40_repeat_dom_sf

ZCCHC10

WD40_repeat_dom_sf

LIN37

TBL

MBP2C

Porphobilinogen_deaminase_C_sf

PPM-type_dom_sf

LRR_dom_sf

At5g14285-l ike

Porin_dom_sf

AB_hydrolase

MAP70

SAM-dependent_MTases

WH_DNA-bd_sf

Osmotin/thaumatin-like_sf

Ald_DH_C

WH_DNA-bd_sf

MeTrfase_TrmA_CS

FucosylTrfase_pln

Cyclin

LRR_dom_sf

CBS_dom

Kinesin_motor_dom_sf

LRR_dom_sf

RPN2_C

SMAD_FHA_dom_sf

PInositol-4-P-5-kinase_N

CENP-T/H4_C

DNA/RNA_pol_sf

WH_DNA-bd_sf

WH-like_DNA-bd_sf

SRP54_N_sf

P-loop_NTPase

Homeobox-like_sf

Nucleoporin_int_Nup93/Nic96

AtJ6-like

Ribosomal_S1/3_euk

APC1_C

DNA_pol_lamdba_lyase_dom_sf

Rx_N

WGR_dom_sf

Histone-fold

WH_DNA-bd_sf

CENP-T/H4_C

Histone-fold

TPR-like_helical_dom_sf

AAA_16

HisRS-like_core

XTH

PLC-like_Pdiesterase_TIM-brl

GBBH-like_N_sf

Znf_C3HC-like

HIT4

Pyrv_Kinase-like_dom_sf

F-box-like_dom_sf

ORC_WH_C
Znf_CCCH_sf

G_CP_dom

RBD_domain_sf

FH2_Formin_sf

Remorin_C

NAC_dom_sf

J_dom_sf

RBD_domain_sf

FANCM/Mph1-like

RuvB-like_C

CHUP1-like

NPH3/RPT2-like

UDP-sugar_pyrophosphorylase

YTH_domain

TRAF-like

M3A_MIP

Rad21/Rec8-like

AUX/IAA_dom

P-loop_NTPase

Prot_kin_Mps1_fam

J_dom_sf

cNMP-bd-like

CENP-T/H4_C

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

Histone_H2A_CS

Histone-fold

CENP-T/H4_C

Protein_kinase_ATP_BS

SNF2-like_sf

Kinesin_motor_dom_sf

Ub-E1_IAD_1

Znf_RING/FYVE/PHD

Glycoside_hydrolase_SF

Rossmann-like_a/b/a_fold

HMG_box_dom_sf

Protein_kinase_ATP_BS

Histone-fold

CENP-T/H4_C

WD40_repeat_dom_sf

RBD_domain_sf

Haem_Oase-like_multi-hlx

Kinesin_motor_dom_sf

FAS_N

vWFA_dom_sf

Sugar_P_trans_dom

SAM-dependent_MTases

DUF3741-assoc

F-box-like_dom_sf

SGNH_hydro_sf

TamB

WD40_repeat_dom_sf

Ras_GTPase_bind_prot

MAGE_WH2

Scarecrow-like_28

TRAF-like

Dolichyldiphosphatase_PAP2

HIT4

RBD_domain_sf

MIP1_Leuzipper

WD40_repeat_dom_sf

Histone-fold

Kinase-like_dom_sf

Alba-like_dom_sf

F-box-like_dom_sf

Creatinase/aminopeptidase-like

Donson

TPR-like_helical_dom_sf

Histone_H2A_CS

WD40_repeat_dom_sf

VAP

ALG12

SWIB_MDM2_dom_sf

Choline_transptr-like

GROEL-like_equatorial_sf

Ald_DH_C

Histone-fold

HATPase_C_sf

Rho_N_sf

HLH_DNA-bd_sf

WD40/YVTN_repeat-like_dom_sf

ARM-type_fold

Whirly

Histone-fold

Histone-fold

cNMP-bd-like

MyosinXI_CBD

KELP

EPHD

F-box-like_dom_sf

CRIB_dom_sf

CENP-T/H4_C

RUVBL2_DII

Msp1

CENP-T/H4_C
SKP1/BTB/POZ_sf

snRNP-assoc_SmB/SmN

Histone-fold

WH_DNA-bd_sf

Rrm1

Hat1_N_sf

AS_sf

CAND1/CAND2

PADR1_dom_sf

TPR_repeat

Pds5

KH_dom_type_1_sf

Remorin_C

DNA_ligase_N_sf

TPR-like_helical_dom_sf

Nop52

Znf_RING/FYVE/PHD

Symplekin/Pta1_N

AAA_lid_3

Papain-like_cys_pep_sf

Histone_H2A_CS

Kinesin_motor_dom_sf

WH_DNA-bd_sf

SANT/Myb

MTERF_sf

FAM214/SPAC3H8.04_C

LRR_dom_sf

Interferon-induced_GILT

MCM_lid

LRR_dom_sf

J_dom_sf

NAD(P)-bd_dom_sf

WD40_repeat_dom_sf

HSP20-like_chaperone

Spt16

DNA-bd_pseudobarrel_sf

NAD(P)-bd_dom_sf

CRWN

Deoxycytidylate_deaminase_dom

Timeless_N

DNA-bd_pseudobarrel_sf

Ribokinase-like

AT_hook_DNA-bd_motif

Ribosomal_L14_sf

Histone-fold

SAM_MeTfrase_DRM

SWIB_MDM2_dom_sf

Endo/exonu/phosph_ase_sf

HLH_DNA-bd_sf

Cdc5p/Cef1

Protein_kinase_ATP_BS

MID_MedPIWI

WW_dom_sf

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

HIBYL-CoA-H

Agenet_dom_plant

EME1/EME2_C

TPR-like_helical_dom_sf

Saposin-like

TPR-like_helical_dom_sf

Protein_kinase_ATP_BS

NAB

Znf_PARP_sf

Scorpion_toxin-like_sf

P-loop_NTPase

MutS_con_dom_sf

TRAF-like

ARID_dom_sf

ELYS_dom

DUF502

Znf_C2H2_sf

Histone-fold

Mms4/EME1/EME2

WD40_repeat_dom_sf

MnmG_N

Histone-fold

Thioredoxin-like_sf

RNaseH_sf

USP7_ICP0-binding_dom

Ankyrin_rpt-contain_sf

Clp_N_dom_sf

WH_DNA-bd_sf

WRKY_dom_sf

TPR-like_helical_dom_sf

BAH_sf

Peptidase_S1_PA

Enolase-like_C_sf

Protein_kinase_ATP_BS

F-box-like_dom_sf

Myb_dom

Hat1_N_sf

Nup133-l ike

Histone_H2A_CS

P-loop_NTPase

Protein_kinase_ATP_BS

SHOC1-like

AHL15-29

RST

WH_DNA-bd_sf

GROEL-like_equatorial_sf

Cyt_P450_sf

DNA/RNA_pol_sf

7-in-absentia-prot_TRAF-dom

DUF1618

Histone-fold

Histone-fold

ATPase_NBD

Kinesin_motor_dom_sf

F-box-like_dom_sf

ELYS_dom

Mlo

SWIB_MDM2_dom_sf

ExoRNase_PH_dom2_sf

MeTrfase_capping

PALE_CRESS

L30e-like

WGR_dom_sf

P-loop_NTPase

WD40_repeat_dom_sf

LRR_dom_sf

AUX/IAA_dom

Rx_N

Kinase-like_dom_sf

P-loop_NTPase

NAB

Papain-like_cys_pep_sf

Xant/urac/vitC

DNA2/NAM7-like_C

Znf_CCHC_sf

RNaseH_sf

G_CP_dom

RNA_pol_Rpb2_2_sf

Histone-fold

SRA-YDG_sf

WRC_dom

WH_DNA-bd_sf

Protein_kinase_ATP_BS

AUX/IAA_dom

ARM-type_fold

Protein_kinase_ATP_BS

LRR_dom_sf

RBD_domain_sf

YTH_domain

DUF1618

Sm_D1

LRR_dom_sf

UBP13_Znf-UBP_var

WD40_repeat_dom_sf

FNR_nucleotide-bd

BRCT_dom_sf

MAM33_sf

Sugar_P_trans_dom

Histone-fold

WH_DNA-bd_sf

P-loop_NTPase

Ser_caboxypep_his_AS

Cystatin

Histone-fold

CENP-T/H4_C

FKS1-like_dom1

PWWP_dom

snRNA-activating_su3

TPR-like_helical_dom_sf

Histone-fold

Donson

NaCa_Exmemb

Sm_F

Myb-like_dom

Histone-fold

SBP_sf

Cyclin

RBD_domain_sf

Isy1_sf

Rx_N

Kinesin_motor_dom_sf

TPX2_central_dom

PH-like_dom_sf

vWFA_dom_sf

P-loop_NTPase

Ncaph2

DUF630

RBD_domain_sf

L36e_sf

Histone-fold

Histone_H2A_CS

TRCF-like_C

CENP-T/H4_C

WH_DNA-bd_sf

WH_DNA-bd_sf

BRCT_dom_sf

GINS_bundle-like_dom_sf

Aur

RBD_domain_sf

IsoPropMal-DH-like_dom

Ubiquitin-activating_enz

Znf_RanBP2_sf

WD40_repeat_dom_sf

ATPase_NBD

Aquaporin_transptr

RBD_domain_sf

Histone-fold

Kinesin_motor_dom_sf

CASP_dom

HMG_box_dom_sf

Enolase-like_C_sf

Cupin_8

ClpA/ClpB_AAA_lid

MCM_lid

NDX

CTNNBL1

PFN_sf

TEX10/Ipi1

HRD

ARM-type_fold

NT_sf

C-N_Hydrolase_sf

aa-tRNA-synth_II

ARM-type_fold

CENP-T/H4_C

Glyco_hydro_1_N_CS

S1_dom

BLT-like

RBD_domain_sf

SRA-YDG_sf

WW_dom_sf

Rfa2

LRR_dom_sf

Importin_beta

P-loop_NTPase

P-loop_NTPase

Papain-like_cys_pep_sf

WD40_repeat_dom_sf

P-loop_NTPase

Histone-fold

AB_hydrolase

P-loop_NTPase

WD40_repeat_dom_sf

GEBP

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

PI3/4_kinase_cat_sf
WD40_repeat_dom_sf

WPP_sf

Histone-fold

P-loop_NTPase

F-box-like_dom_sf

Znf_C2H2_type

CENP-T/H4_C

P-loop_NTPase

TD_ACT-like_sf

Ribosomal_S5_D2-typ_fold

Urb2/Npa2_C

Trigger_fac_ribosome-bd_sf

GGT_lsub_C

Histone-fold

SF3b_su1-like

SF3A3

RBD_domain_sf

AB_hydrolase

SANTA

RCC1/BLIP-II

IPNS-like

Histone-fold

GHD

G_ENGB_dom

F-box-like_dom_sf

Znf_PHD-finger

Histone-fold

P-loop_NTPase

BRX_N

TBL

Lectin_gal-bd_sf

Ribosomal_L7A/L8_sf

DUF2062

CENP-T/H4_C

MFS_trans_sf

Tubulin/FtsZ_GTPase_sf

MCM_complex-bd

SKP1-like_dim_sf

NAT12

Histone-fold

Nop52

TPR_repeat

Web

Kinesin_motor_dom_sf

CENP-T/H4_C

THO_THOC1

Pre-SET_CXC

P-loop_NTPase

LRR_dom_sf

Protein_kinase_ATP_BS

SAP_dom

Alpha/beta_knot_MTases

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

CRWN

MTERF_sf

NA-bd_OB-fold

Aur

NA-bd_OB-fold

ClpP/crotonase-like_dom_sf

AUX/IAA_dom

J_dom_sf

Histone_H2A_CS

Ankyrin_rpt-contain_sf

RBD_domain_sf

AN1-like_Znf

ASY3-like

PCI_dom

Nop_C

Cyclin

Ribosomal_L7A/L8_sf

CENP-T/H4_C

GRF

RNaseH_sf

SAM-dependent_MTases

TF_TCP_subgr

cNMP-bd-like

Dev_and_cell_death_domain

LRR_dom_sf

AP2/ERF_dom_sf

ARD_euk

ATX1/2_PHD

RNA_pol_III_Rpc5

CENP-T/H4_C

RibonucZ/Hydroxyglut_hydro

CENP-T/H4_C

Aldolase_TIM

NAD(P)-bd_dom_sf

CENP-T/H4_C

XS_domain_sf

LRR_dom_sf

G_ENGB_dom

LRR_dom_sf

Protein_kinase_ATP_BS

Kinesin_motor_dom_sf

AAA_lid_10

Histone-fold

Znf_RanBP2_sf

TPR-like_helical_dom_sf

Frigida

RNaseH_sf

WD40_repeat_dom_sf

F-box-like_dom_sf

RBD_domain_sf

HMA_dom_sf

TPR-like_helical_dom_sf

WH_DNA-bd_sf

MCM_lid

WD40_repeat_dom_sf

Znf_PHD-finger

Yippee_fam

RBD_domain_sf

DNA-bd_pseudobarrel_sf

Treslin_N

CENP-T/H4_C

SNF2-like_sf

RFA2-like

SNI1

GCP_N

Alfin

CAF1A

FAD/NAD-bd_sf

MTERF_sf

FH2_Formin_sf

7-in-absentia-prot_TRAF-dom

DNA_primase_lsu_euk

WD40_repeat_dom_sf

PLP-binding_barrel

CHUP1-like

AN1-like_Znf

F-box-like_dom_sf

EXO1_H3TH

Mot2

HAD-like_sf

Ubiquitin-like_domsf

LRR_dom_sf

WD40_repeat_dom_sf

vWFA_dom_sf

DNA-bd_pseudobarrel_sf

J_dom_sf

WD40_repeat_dom_sf

ICR

WIYLD_dom_sf

Kinesin_motor_dom_sf

DUF295

WH_DNA-bd_sf

P-loop_NTPase

GCFC_dom

UBQ-conj_enz_E2-bd_prot

MTERF_sf

CENP-T/H4_C

LRR_dom_sf

DAGAT

UBP13_Znf-UBP_var

SMC_hinge_sf

MPP_PAP

WD40_repeat_dom_sf

PyrdxlP-dep_Trfase

SNO_AAA

TPR_repeat

CDC50/LEM3_fam

TPR-like_helical_dom_sf

AUX/IAA_dom

Myb-like_dom

IF_rod_dom_coil1B

BAH_sf

QWRF

P-loop_NTPase

SPARK

BRCT_dom_sf

T_SNARE_dom

TopoI_DNA-bd_euk_N_sf

DUF1668_ORYSA

P-loop_NTPase

WD40_repeat_dom_sf

P-loop_NTPase

ATAD3

Toll_tir_struct_dom_sf

5-3_exonuclease_C_sf

G_ERA_dom

P-loop_NTPase

ARM-type_fold

BRCT_dom_sf

WD40_repeat_dom_sf

WHIM1_dom

Protein_kinase_ATP_BS

RBD_domain_sf

EPHD

Znf_CCCH_sf

Kinesin_motor_dom_sf

Methyltr_RsmF_N

CENP-T/H4_C

DA1-like

SAM-dependent_MTases

RBD_domain_sf

Cyt_B5-like_heme/steroid_sf

Papain-like_cys_pep_sf

Znf_PHD-finger

Cdc5p/Cef1

Kinesin_motor_dom_sf

TopoI_DNA-bd_euk_N_sf

TBL

TBRG1

DUF3456

Histone-fold

Znf_C2H2_sf

C2_domain_sf

Lectin_gal-bd_sf

GINS_Psf3_sf

HLH_DNA-bd_sf

RNA_pol_Rpb1_3_sf

MIP1_Leuzipper

F-box-like_dom_sf

LRR_dom_sf

Kelch-typ_b-propeller

P-loop_NTPase

Znf_FYVE-rel

Treslin_N

Pds5

Cyclin-like_sf

EIF3A

AB_hydrolase

J_dom_sf

GROEL-like_equatorial_sf

AAA_lid_3

P-loop_NTPase

LRR_dom_sf

DUF1668_ORYSA

CENP-T/H4_C

Protein_kinase_ATP_BS

P-loop_NTPase

Papain-like_cys_pep_sf

TruB_C

Rx_N

P-loop_NTPase

MCM_lid

ExoRNase_PH_dom2_sf

P-loop_NTPase

ChlI/MoxR_AAA_lid

Vid27

RNApol_insert_sf

NA-bd_OB-fold

SRA-YDG_sf

Web

SNF2-like_sf

MFS_trans_sf

Histone_H2A_CS

EME1/EME2_C

WH_DNA-bd_sf

WD40_repeat_dom_sf

Myb_dom

WD40_repeat_dom_sf

Histone_H2A_CS

DUF597

Nop_C

DNA_primase_lsu_euk

WH_DNA-bd_sf

Papain-like_cys_pep_sf

U5-116kDa_C

Cyclin

Ribosomal_L4_dom_sf

J_dom_sf

PADR1_dom_sf

Znf_RanBP2_sf

RNA_pol_Rpb1_3_sf

Znf_CCCH_sf

BRCT_dom_sf

Homeobox-like_sf

P-loop_NTPase

GLE1-like_sf

Znf_LIM

UBL3-like

SWIB_MDM2_dom_sf

AP2/ERF_dom_sf

Cullin_homology_sf

Nup84/Nup107

DUF1421

RBD_domain_sf

CENP-T/H4_C

Transl_init_fac_IF2/IF5_Zn-bd

Myb_dom

DUF3615

Znf_RING_CS

FH2_Formin_sf

Tesmin/TSO1-like_CXC

AA_transpt_TM

GROEL-like_equatorial_sf

RBD_domain_sf

Methyltransf_25

Cytochrome_B561-rel

Ferritin-like_SF

Rossmann-like_a/b/a_fold

HMG_box_dom_sf

Pumilio_RNA-bd

TPR-like_helical_dom_sf

J_dom_sf

NAD(P)-bd_dom_sf

CSN8_PSD8_EIF3K

SNF2-like_sf

BRCA2_hlx_sf

Kinesin_motor_dom_sf

Thiolase_C

AAA_lid_3

ARM-type_fold

Lectin_gal-bd_sf

D15-l ike

N-reg_PII_CS

Glycoside_hydrolase_SF

Methyltransf_FA

Rrm1

ClpA/ClpB_AAA_lid

DNA/RNA_pol_sf

F-box-like_dom_sf

SNF2-like_sf

DYW_dom

NUP88/NUP82

SSRP1_sf

Rpb5-like

Nup54_alpha-helical_dom

Rad50/SbcC_AAA

F-box-like_dom_sf

WRC_dom

SRA-YDG_sf

HMG_box_dom_sf

RNA_MTrfase_RlmN

SAM-dependent_MTases

Ribokinase-like

IPNS-like

EF_Hand_1_Ca_BS

BAH_sf

D15-l ike AUX/IAA_dom

BRX1

CDCA7/CDA7L

RibonucZ/Hydroxyglut_hydro

SRA-YDG_sf

Telomerase_RBD

PORR_domain

CENP-T/H4_C

Symplekin/Pta1_N

PyrdxlP-dep_Trfase

Ankyrin_rpt-contain_sf

TPX2_central_dom

CENP-T/H4_C

CENP-T/H4_C

RNaseH_sf

JASON

Tensin_phosphatase

7-in-absentia-prot_TRAF-dom

BRCT_dom_sf

GROEL-like_equatorial_sf

Pyrv_Kinase-like_dom_sf
P-loop_NTPase

Mad1

GROEL-like_equatorial_sf

Znf_RanBP2_sf

AS_sf

CRIB_dom_sf

Histone_H2A_CS

WH_DNA-bd_sf

TGA_domain

Subtilisin-like_FN3

RBD_domain_sf

P-loop_NTPase

Mur_ligase_C_dom_sf

BAH_sf

LIM-bd/SEUSS

CSN8_PSD8_EIF3K

Band_7/SPFH_dom_sf

F-box-like_dom_sf

F-box-like_dom_sf

RBBP5/Swd1

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

PyrdxlP-dep_Trfase

Fan1-like

SKP1-like_dim_sf

DUF630

CENP-T/H4_C

LRR_dom_sf

RBD_domain_sf

CENP-T/H4_C

Glutathione-S-Trfase_C_sf

Rpn6_C_helix

Thioredoxin-like_sf

Dev_and_cell_death_domain

Thioredoxin-like_sf

CENP-T/H4_C

Znf_RanBP2_sf

P-loop_NTPase

WD40_repeat_dom_sf

DUF3741-assoc

CND3

Pyridoxal_P_attach_site

Znf_CCHC_sf

Ser_caboxypep_his_AS

GROEL-like_equatorial_sf

OCRE

AB_hydrolase

P-loop_NTPase

DUF4094

RBD_domain_sf

Gln_synt_N

Histone-fold

Sec7_dom_sf

Cyclin/Ssn8

Kinesin_motor_dom_sf

Znf_RING/FYVE/PHD

MutS_con_dom_sf

ZPR1_Znf1/2

GrpE_coiled_coil

Pr_cel_nuc_antig_CS

WH_DNA-bd_sf

7-in-absentia-prot_TRAF-dom

Ras_GTPase_bind_prot

WGR_dom_sf

Fe-S-bd_prot_LdpA_C

Peptidase_S54_rhomboid_dom

SEPARIN_core_dom

Rrm1

TPR-like_helical_dom_sf

QWRF

RPB6/omega-like_sf

Pr_cel_nuc_antig_CS

Sugar_P_trans_dom

SSU_processome_Utp11

ALAD_AS

SMC4_ABC_euk

P-loop_NTPase

NA-bd_OB-fold

RNA_pol_Rpb1_3_sf

CNNM

DUF1666

Kinesin_motor_dom_sf

WH-like_DNA-bd_sf

WH_DNA-bd_sf

CAF1A

CENP-T/H4_C

SCAI
CENP-T/H4_C

CDI

Histone-fold

RNA_pol_Rpb2_2_sf

WD40_repeat_dom_sf

Kinesin_motor_dom_sf

DUF3527

J_dom_sf

XPO5

Histone_H2A_CS

AAA_lid_3

Cleav_polyA_spec_factor_su5

PIG-B/GPI10

Histone_H2A_CS

RNApol_insert_sf

MyosinXI_CBD

ABT1/Esf2

SHOC1-like

ATPase_NBD

Condensin2_G2

Alfin

MFS_trans_sf

Importin_beta

Peptidase_C65_otubain_sub2

Dis3_CSD2

SNF2-like_sf

Kinesin_motor_dom_sf

Ribokinase-like

EXOC6/Sec15_C_dom1

GROEL-like_equatorial_sf

UPF_Ycf55

TPR-like_helical_dom_sf

Nucleoporin_Nup155_C_3

FucosylTrfase_pln

CHUP1-like

ARM-type_fold

AUX/IAA_dom

Histone-fold

Diacylglyc_glucosyltr_N

Neprosin_propep

Kinesin_motor_dom_sf

MORF/ORRM1/DAG-like

Remorin_C

WD40_repeat_dom_sf

BEACH_dom_sf

BRCT_dom_sf

Met_Sox_Rdtase

Mre11_N

RNA_pol_Rpb1_3_sf

Agenet_dom_plant

TPR-like_helical_dom_sf

DUF5600

HMA_dom_sf

R3H_AAA

Gyrase/topoIV_suA_C

SAP_dom_sf

Znf_SWIM

Ovate

RNA-dep_RNA_pol_euk-typ

DYW_dom

Histone-fold

DNA_pol_alpha_bsu

At5g01610-l ike

SUVR5_Znf-C2H2_3rpt

Myb_CC_LHEQLE

CENP-T/H4_C

Kinesin_motor_dom_sf

DNA/RNA_pol_sf

PEPTIDASE_A1

ABC1_TM_sf

Mt_carrier_dom_sf

Znf_C2H2_sf

HAD-like_sf

LRR_dom_sf

P-loop_NTPase

Rpn13/ADRM1_sf

Znf_RING/FYVE/PHD

CNDH2_C

DUF3769

AB_hydrolase

Quinoprotein_ADH-like_supfam

SMC_hinge_sf

NAT10

NA-bd_OB-fold

Leo1

JASON

UBP13_Znf-UBP_var

Zinc_finger_PHD-type_CS

RNaseH_sf

RBD_domain_sf

GSTT1/2/3

Dis3_CSD2

J_dom_sf

Tesmin/TSO1-like_CXC

Cyclophilin-like_dom_sf

Ser_caboxypep_his_AS

AP2/ERF_dom_sf

P-loop_NTPase

XPC-bd_sf

DUF936_pln
SMC_hinge_sf

CENP-T/H4_C

HAD-like_sf

TIF2_asu_C

CCR4-NOT_su2/3/5_N_sf

Kinesin_motor_dom_sf

UvrD/AddA_N

Rho_GTPase_activation_prot

WD40_repeat_dom_sf

2Fe-2S_ferredoxin-like_sf

Ribosomal_S21e_sf

Pumilio_RNA-bd

VIP1_N

Osmotin/thaumatin-like_sf

Cyclin

His_deacetylse_dom_sf

IPNS-like

DHFR-like_dom_sf

RBD_domain_sf

S4_RNA-bd_sf

Haem_oxidase_HugZ-like_sf

WD40_repeat_dom_sf

Metal_Hydrolase

P-loop_NTPase

Subtilisin-like_FN3

Kinesin_motor_dom_sf

HMG_box_dom_sf

SKP1-like_dim_sf

DNA/RNA_pol_sf

Pectin_lyas_fold

DUF1618

PABP-dom

RBD_domain_sf

P-loop_NTPase

Glyco_hydro_63N_sf

TPR-like_helical_dom_sf

Rho_N_sf

Exp1_repeat_2

BRCT_dom_sf

M/V/L/I-tRNA-synth_anticd-bd

P-loop_NTPase

PolD2_C

Sec3_C

Histone-fold

WRKY_dom_sf

WD40_repeat_dom_sf

F-box-like_dom_sf

Aldolase_TIM

WD40_repeat_dom_sf

Metallo-depent_PP-like

Bromodomain-like_sf

Osmotin/thaumatin-like_sf

UFC

His_deacetylse_dom_sf

Glycoside_hydrolase_SF

MTERF_sf

MAU2

Plus3-like_sf

BKI1/MAKR1/3/4

Porin_dom_sf

DEK_C

Ntn_hydrolases_N

PUS1/PUS2-like

IF_rod_dom_coil1B

CSN3

TPR-like_helical_dom_sf

Peptidase_S1_PA

CENP-T/H4_C

Histone-fold

Exp1_repeat_2

Calcineurin-like_PHP_ApaH

DNA/RNA_pol_sf

COBRA_pln

MIP1_Leuzipper

MCM_lid

P-loop_NTPase

Importin_beta

MCM_lid

Rx_N

AB_hydrolase

AT_hook_DNA-bd_motif

WW_dom_sf

CHUP1-like

NAD(P)-bd_dom_sf

HMA_dom_sf

Kinesin_motor_dom_sf

ATAD3

P-loop_NTPase

WRKY_dom_sf

DUF842_euk

YqaJ_viral_recombinase

Porphobilinogen_deaminase_C_sf

RlpA-like_sf

GROEL-like_equatorial_sf

Homeobox-like_sf

LRR_dom_sf

CDC50/LEM3_fam

AS_sf

Cyclin

AUX/IAA_dom

AUX/IAA_dom

ARM-type_fold

Haem_Oase-like_multi-hlx

Spt6_death-like

ICR

PWWP_dom

ARM-type_fold

Cyclophilin-like_dom_sf

WD40_repeat_dom_sf

WH-like_DNA-bd_sf

PNPase_PH_RNA-bd_sf

LRR_dom_sf

Bifun_inhib/LTP/seed_sf

PWI_dom_sf

Cyclin

WD40_repeat_dom_sf

Histone-fold

UCH_C

Ub-E1_IAD_1

Histone-fold

tRNA-synt_1_cat_dom

SDH_C

Myb-like_dom

Znf_C2H2_sf

bZIP

Chaperonin_GroES_sf

RBD_domain_sf

Shikimate/glucono_kinase

DUF597

EF_Hand_1_Ca_BS

TMEM14

Kinase-like_dom_sf

AUX/IAA_dom

Kinesin_motor_dom_sf

Znf_C3HC-like

WD40_repeat_dom_sf

DYW_dom

Znf_CCCH_sf

AB_hydrolase

MutS_con_dom_sf

BLT-like

BAH_sf

Hect_E3_ubiquitin_ligase

Sec1-like_sf

AtJ6-like

Kinesin_motor_dom_sf

Anticodon_Met

SAM-dependent_MTases

LexA/Signal_pep-like_sf

ARID_dom_sf

Znf_C2H2_sf

Rossmann-like_a/b/a_fold

Histone-fold

Nucleoporin_Nup155_C_3

Ald_DH_CS_GLU

Clathrin_AP_dom2

BAH_sf

Histone-fold

AAA_lid_3

MRPL40

Toll_tir_struct_dom_sf

Condensin2_G2

PPR_long

DUF3741-assoc

WH-like_DNA-bd_sf

GIP1

REX4_DEDDh_dom

WH_DNA-bd_sf
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Clp_N_dom_sf

Histone-fold
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RCC1/BLIP-II

Mcm10
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WH-like_DNA-bd_sf
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AAA_lid_3
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Lsm14-like_N

LRR_dom_sf
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Kinesin_motor_dom_sf
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Histone-fold
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RBD_domain_sf
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Creatinase/aminopeptidase-like

HAD-like_sf
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PyrdxlP-dep_Trfase
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DNA_ligase_N_sf
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TOG
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WD40_repeat_dom_sf

Kelch-typ_b-propeller
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BLT-like

Condensin_barren_su2

CENP-T/H4_C
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TRCF-like_C

Cnd1_C

Endo/exonu/phosph_ase_sf
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Cnd1_C
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Rnp2-like_sf
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MFS_trans_sf

Shugoshin_C
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P-loop_NTPase

CENP-T/H4_C
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Ub-E1_IAD_1
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SANT_dom
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GRDP-like

SMAD_FHA_dom_sf
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RNaseH_sf

DNA_primase_ssu_euk/arc

Ubiquitin-activating_enz

F-box-like_dom_sf
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Myb_dom
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P-loop_NTPase
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Glutathione-S-Trfase_C_sf

DNA2/NAM7-like_C
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CAT_C
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Cyt_P450_sf
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SNF2-like_sf

Apc5_dom
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CENP-T/H4_C
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Peptidase_C78_UfSP1/2

Thioredoxin-like_sf

Protein_kinase_ATP_BS

HSP20-like_chaperone

AAA_15

DNA2/NAM7-like_C

P-loop_NTPase

XPOT
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Peptidase_S1_PA

NAC_dom_sf
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LRR_dom_sf

Vid27

WH-like_DNA-bd_sf

Subtilisin-like_FN3

Protein_kinase_ATP_BS
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Thioredoxin-like_sf

MutS_con_dom_sf

Lsm7

BRCT_dom_sf

MATE_fam

RBD_domain_sf

DIRP

SH2_dom_sf

AAA_lid_3

RBD_domain_sf

WRC_dom
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Protein_kinase_ATP_BS
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Histone-fold
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Histone-fold
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Histone-fold
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Histone-fold
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Protein_kinase_ATP_BS

MutS_con_dom_sf

Rx_N
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Histone-fold
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Kri1-like_C

RBD_domain_sf

ClpP/crotonase-like_dom_sf

TPR_repeat

WW_dom_sf

P-loop_NTPase

Palmitoyltrfase_DHHC

Nucleoporin_p58/p45

RBD_domain_sf

POLD3_sf

Myb-like_dom

Ser_caboxypep_his_AS

Cyclophilin-like_dom_sf

FANCI_S2

Znf_RanBP2_sf

Znf_RING/FYVE/PHD

CCT_domain

LRR_dom_sf

Myb_dom

CCT_domain

Cyt_P450_sf

HAD-like_sf

CENP-T/H4_C

ATPase_NBD

Scorpion_toxin-like_sf

PPR_long

Histone-fold

DEK_C

Tubulin/FtsZ_GTPase_sf

Myb_dom

LCCL_sf

EPFL

Protein_kinase_ATP_BS

WRKY_dom_sf

TPR-like_helical_dom_sf

P-loop_NTPase

Kinesin_motor_dom_sf

Kinesin_motor_dom_sf

Inositol_monoP_metal-BS

TPR-like_helical_dom_sf

GROEL-like_equatorial_sf

DUF4220

DUF4057

P-loop_NTPase

SVIP

5-3_exonuclease_C_sf

Saposin-like

Prkrip1

Kinesin_motor_dom_sf

Znf_CCCH_sf

Protein_kinase_ATP_BS

MCM_lid

Nse4/EID

YTH_domain

FH2_Formin_sf

ARM-type_fold

DYW_dom

Histone-fold

GASA

WH_DNA-bd_sf

CDI

SNF2-like_sf

Kinesin_motor_dom_sf

Bifun_inhib/LTP/seed_sf

Protein_kinase_ATP_BS

F-box-like_dom_sf

MCM_lid

LRR_dom_sf

PPM-type_dom_sf

BAH_sf

ClpA/ClpB_AAA_lid

DUF1771

Kinesin_motor_dom_sf

UDP_glucos_trans

TPR_repeat

Histone-fold

FANCM/Mph1-like

F-box-like_dom_sf

NPL

KOW_Spt5_6

Pyrv_Kinase-like_dom_sf

Sugar_P_trans_dom

Peptidase_M28B

Kinesin_motor_dom_sf

Tesmin/TSO1-like_CXC

P-loop_NTPase

Peptidase_S1_PA_chymotrypsin

RNaseH_sf

MutS_con_dom_sf

TPR-like_helical_dom_sf

MAP65_Ase1_PRC1

Aquaporin_transptr

FAD/NAD-bd_sf

CENP-T/H4_C

RBD_domain_sf

TPR-like_helical_dom_sf

KH_dom_type_1_sf

GIY-YIG_endonuc_sf

Histone-fold

tRNA_ligase_1

Histone-fold

PWWP_dom

Cyclin-like_sf

P-loop_NTPase

Centromere_Mis12

Ubiquitin-activating_enz

SKP1-like_dim_sf

FAD/NAD-bd_sf

TOPRIM_DnaG/twinkle

CDCA7/CDA7L

Trp-tRNA-ligase_bac-type

PALE_CRESS

SRA-YDG_sf

RBD_domain_sf

DUF4057

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

PyrdxlP-dep_Trfase

Lys-tRNA-ligase_II_bac/euk

TPX2_C

TPR-like_helical_dom_sf

ICln/Lot5

Ntn_hydrolases_N

DUF630

5-3_exonuclease_C_sf

Csc1_N

TOPRIM_DnaG/twinkle

Ub-E1_IAD_1

Bin3-like

OGT/SEC/SPY_C

Ski3/TTC37

Arg-tRNA-synth_N_sf

BRCT_dom_sf

NAC_dom_sf

ARM-type_fold

TPR-like_helical_dom_sf

Tubulin/FtsZ_C_sf

Palmitoyltrfase_DHHC

DUF872_TM

WD40_repeat_dom_sf

Znf_C2H2_sf

TPR-like_helical_dom_sf

Cyclin-like_sf

MCM_complex-bd

SAP_dom_sf

EXO1_H3TH

Palmitoyltrfase_DHHC

Myb_dom

NAC_dom_sf

Aminopeptidase_N-like_N

Rubisco_LSMT_subst-bd_sf

E3_ELL-like

C-N_Hydrolase_sf

Methyltransf_25

Glyco_hydro_9_Asp/Glu_AS

P-loop_NTPase

FBXO4

GCP_C_sf

Spc25

Peptidase_C15-like_sf

L24e/L24_sf

Rx_N

DNK_dom

WD40_repeat_dom_sf

DHS-like_NAD/FAD-binding_dom

Shugoshin_C

MCM_lid

DUF1618

TPR-like_helical_dom_sf

Sec8/EXOC4

APC1_C

IPNS-like

TOPRIM_TopoIII

CENP-T/H4_C

Papain-like_cys_pep_sf

NT-C2

POLD3_sf

MCM_lid

RibonucZ/Hydroxyglut_hydro

PEPTIDASE_A1

Oberon_PHD

CDI

ARM-type_fold

SE/Ars2

MAP70

Rrm1

Transl_init_fac_IF2/IF5_Zn-bd

WD40_repeat_dom_sf

TPR_repeat

WD40_repeat_dom_sf

WD40_repeat_dom_sf

VIR_N

Cit_transptr-like_dom

Aminotrans_V_PyrdxlP_BS

P-loop_NTPase

At4g26450-l ike

Histone-fold

AB_hydrolase

Papain-like_cys_pep_sf

Histone_H2A_CS

Marf1

Protein_kinase_ATP_BS

MAM33_sf

HATPase_C_sf

Znf_RanBP2_sf

Tubulin/FtsZ_C_sf

DNA/RNA_pol_sf

INO80B/Ies2

HAUS3_N

Spo22/ZIP4/TEX11

Histone_H2A_CS

WD40_repeat_dom_sf

BAF250/Osa

RNR-like

TPX2_central_dom

TruB_C

FN3_sf

WPP_sf

NAD(P)-bd_dom_sf

ARD_euk

CENP-T/H4_C

FN3_sf

Anticodon-bd_dom_sf

HNH_nuc

Kinesin_motor_dom_sf

RNase_III_sf

GCFC_dom

Malectin-like_Carb-bd_dom

Histone_H2A_CS

Histone-fold

Peptidase_A22B_SPP

CENP-C/Mif2/cnp3

LRR_dom_sf

SCAR/WAVE_fam

DNA-bd_pseudobarrel_sf

VAP

RBD_domain_sf

Histone-fold

RPL14_KOW

WH_DNA-bd_sf

WD40_repeat_dom_sf

WH_DNA-bd_sf

Ribosomal_L14_sf C-N_Hydrolase_sf

Histone-fold

Histone-fold

F-box-like_dom_sf

POLAR-like

Histone-fold

7-in-absentia-prot_TRAF-dom

CENP-T/H4_C

RBD_domain_sf

SUN_dom

Cyclin

Arg-tRNA-synth_N_sf

BRCT_dom_sf

Protein_kinase_ATP_BS

Sec3-PIP2_bind

LTSS

Nucleoporin_S59-like

DNA_primase_ssu_euk/arc

Condensin_barren_su2

AT_hook_DNA-bd_motif

Rossmann-like_a/b/a_fold

SWIB_MDM2_dom_sf

Lys-tRNA-synth_II_C

Ribosomal_S2_euk

Rho_N

CND3

Ankyrin_rpt-contain_sf

SKP1/BTB/POZ_sf

IF_rod_dom_coil1B

FAD/NAD-bd_sf

WD40/YVTN_repeat-like_dom_sf

ATPase_NBD

Histone_H2A_CS

LRR_dom_sf

Interferon-induced_GILT

Hist-Lys_N-MeTrfase_SET2_plant

P-loop_NTPase

P-loop_NTPase

RNA_pol_Rpb1_3_sf

Homeobox-like_sf

ORC_WH_C

Znf_CCCH_sf

DNA-bd_pseudobarrel_sf

IPNS-like

SSRP1_sf

CENP-T/H4_C

Ubiquitin-activating_enz

Protein_kinase_ATP_BS

XS_domain_sf

Nup186/Nup192/Nup205

Ribosomal_L17_sf

CENP-T/H4_C

Lsm7

L40e_sf

WD40_repeat_dom_sf

DedA

LysM_dom_sf

Cyclin

DNA-bd_pseudobarrel_sf

WD40_repeat_dom_sf

Histone-fold

Mn/Fe_SOD_N_sf

CENP-T/H4_C

TPR-like_helical_dom_sf

TF_TCP_subgr

Papain-like_cys_pep_sf

Kinesin_motor_dom_sf

Subtilisin-like_FN3

HMG_box_dom_sf

GHD

Myb_dom

GOSR2/Membrin/Bos1

ATPase_NBD

Rad9

ARM-type_fold

STPPase_N

Histone-fold

P-loop_NTPase

Ankyrin_rpt-contain_sf

DUF3741-assoc

Histone-fold

WD40_repeat_dom_sf

Inner_centromere_prot_ARK-bd

HMA_dom_sf

Treslin_N

LRR_dom_sf

BAH_sf

F-box-like_dom_sf

MOM1

Hat1_N_sf

Sm_D1

Haem_peroxidase_sf

Histone_H2A_CS

G_ENGB_dom

His_Pase_VIP1

Alpha/beta_knot_MTases

FAS1_dom_sf

ClpP_His_AS

Cnd1_C LRR_dom_sf

TOPRIM_TopoIII

Anticodon-bd_dom_sf

Ribosomal_L10e/L16_sf

Cyclin

Protein_kinase_ATP_BS

F-box-like_dom_sf

HSP20-like_chaperone

Protein_kinase_ATP_BS

NOB1

Translin_sf

P-loop_NTPase

RFWD3

DYW_dom

Kelch-typ_b-propeller

ELYS_dom

MCM_lid

NT-C2

Pectin_lyase_fold/virulence

MutM-like_N-ter

Kinesin_motor_dom_sf

Papain-like_cys_pep_sf

RING-CH-C4HC3_LTN1

Rx_N

Fig4-like

TPR-like_helical_dom_sf

Histone-fold

TIF2_asu_C

CENP-T/H4_C

PheRS_DBD3

NUDIX_hydrolase-like_dom_sf

PUS1/PUS2-like

WHIM2_dom

SANTA

Protein_kinase_ATP_BS

WH_DNA-bd_sf

BAH_sf

IQ_motif_EF-hand-BS

tRNA-synt_1_cat_dom

Pept_M16_N

DNA2/NAM7-like_C

CDCA7/CDA7L

Ankyrin_rpt-contain_sf

G_DYNAMIN_dom

P-loop_NTPase

Histone_H2A_CS

Nucleoporin_S59-like

Protein_kinase_ATP_BS

RNA_pol_Rpb2_2_sf

Pept_M16_N

AAA_lid_10

GROEL-like_equatorial_sf

CSN8_PSD8_EIF3K

Peptidase_S1_PA_chymotrypsin

KH_dom_type_1_sf

LRR_dom_sf

CENP-T/H4_C

MCD1

Ltv1

Znf_NHR/GATA

Chaperonin_GroES_sf

TPR_repeat

AB_hydrolase

P-loop_NTPase

Donson

DUF1666

GRIP_dom

CENP-T/H4_C

SBP_sf

RibonucZ/Hydroxyglut_hydro

SRA-YDG_sf

WH-like_DNA-bd_sf

REPA_OB_2

Myb_dom

Kinesin_motor_dom_sf

Kinesin_motor_dom_sf

LZ3wCH

Rx_N

GAGA-bd_tscrpt_act

LRR_dom_sf

L36e_sf

MCM_complex-bd

CRAL-TRIO_dom_sf

Rad21/Rec8-like

CRIB_dom_sf

TM_Fragile-X-F-assoc

EF-hand_13

CH_dom_sf

DYW_dom

ACR1-12

HORMA_dom_sf

SMC3_ABC_euk

Kinase-like_dom_sf

GRF

TPR-like_helical_dom_sf

LRR_dom_sf

Histone_H2A_CS

Papain-like_cys_pep_sf

Peptidase_C1A_papain-like

Myb-like_dom

Methylthiotransferase_N_sf

ALOG

HATPase_C_sf

ML_PG-PI_TP

NUP2/50/61

HATPase_C_sf

SWIB_MDM2_dom_sf

KH_dom_type_1_sf

TF_TCP_subgr

HATPase_C_sf

Znf_Dof

Cullin_repeat-like_dom_sf

Porin_Euk/Tom40

TPR-like_helical_dom_sf

Ribo_hydro-like

Histone-fold

PWWP_dom

Histone-fold

Cyclin

Protein_kinase_ATP_BS

Web

F-box-like_dom_sf

C2_domain_sf

ARM-type_fold

P-loop_NTPase

HMG_box_dom_sf

VAP

KH_dom_type_1_sf

Nucleoporin_S59-like

Histone-fold

RST

F-box-like_dom_sf

SEPARIN_core_dom

Kinase-like_dom_sf

Histone_H2A_CS

WD40_repeat_dom_sf

LIN37

ARM-type_fold

UBQ-conjugating_enzyme/RWD

PyrdxlP-dep_Trfase

DBC1/CARP1_inactive_NUDIX_dom

CH_dom_sf

PP5_C

BPM_C

TAP42/TAP46-like_sf

PDCD2_C

DUF630

J_dom_sf

Histone-fold

Znf_RING/FYVE/PHD

Ankyrin_rpt-contain_sf

ABI

J_dom_sf

Papain-like_cys_pep_sf

FBD

FPF1

FAS1_dom_sf

SMR11/SMR16

C2_domain_sf

MutS_con_dom_sf

VAP

F-box-like_dom_sf

Histone-fold

Cytochrome_B561-rel

Cyclin-like_sf

UBQ-conjugating_enzyme/RWD

Znf_RING/FYVE/PHD

Tubulin/FtsZ_C_sf

Cyclophilin-like_dom_sf

WD40_repeat_dom_sf

MID_MedPIWI

Znf_CCCH_sf

WD40_repeat_dom_sf

Histone-fold

RFA2-like

Protein_kinase_ATP_BS

Rossmann-like_a/b/a_fold

F-box-like_dom_sf

TPR-contain_dom

Jas

MCM_lid

NAD(P)-bd_dom_sf

HMG_box_dom_sf

PI3/4_kinase_cat_sf

COR413

TPR-like_helical_dom_sf

J_dom_sf

CRAL-TRIO_dom_sf

Nucleoporin_Nup155_C_3

Ankyrin_rpt-contain_sf

SNF2-like_sf

ExoRNase_PH_dom2_sf
MCM_lid

Metalthion_15p

Preph_deHydtase_CS

Cyclin

PSII_Pbs27_sf

LRR_dom_sf

CHUP1-like

Bub1/Mad3

MCRS_N

Ald_DH_CS_GLU

Kinesin_motor_dom_sf

LRR_dom_sf

ProX/PRXD1

CENP-T/H4_C

TPR-like_helical_dom_sf

Rx_N

Ras_GTPase_bind_prot

Histone-fold

SAUR_fam

Btz_dom

MutS_con_dom_sf

No t2 /3 /5

FH2_Formin_sf

Glycoside_hydrolase_SF

Myb_dom

RBD_domain_sf

Znf_RanBP2_sf

Zf-FLZ_dom

ICln/Lot5

HORMA_dom_sf

E2F-DP_heterodim

RBD_domain_sf

AMP-dep_Synthh-like_sf

7-in-absentia-prot_TRAF-dom

Histone_H2A_CS

Reticulon

FANCI_S2

Condensin_barren_su2

WD40_repeat_dom_sf

RlmI_PUA-like

RmlC-like_jellyroll

Prot-tyrosine_phosphatase-like

FAD/NAD-bd_sf

F-box-like_dom_sf

DNA-bd_pseudobarrel_sf

Frigida

LRR_dom_sf

Protein_kinase_ATP_BS

Scorpion_toxin-like_sf

LOR_sf

T_SNARE_dom

WH-like_DNA-bd_sf

CAF1A

Histone_H2A_CS

DCTPP

NAB

WD40_repeat_dom_sf

DUF630

GROEL-like_equatorial_sf

Protein_kinase_ATP_BS

PPP2R3C

Symplekin/Pta1_N

ARM-type_fold

tRNA_met_Trm1_C

Peptidase_S1_PA_chymotrypsin

Histone_H2A_C

Nse4/EID

AB_hydrolase

WD40_repeat_dom_sf

Class_I_gatase-like

Kinesin_motor_dom_sf

GAT_sf

Mad3/Bub1_I

HDGF-rel_PWWP

RBD_domain_sf

ARM-type_fold

At4g38062-l ike

Homeobox-like_sf

SNF2-like_sf

Znf_RING/FYVE/PHD

PRMT5_C

CSTF2_C_sf

Papain-like_cys_pep_sf

HAD_2

Kinesin_motor_dom_sf

TDU_repeat

Kinesin_motor_dom_sf

Fatty_acid_hydroxylase

WH_DNA-bd_sf

Znf_RING/FYVE/PHD

HABP4/SERBP1

Znf-4CXXC_R1

LSm5

Kinesin_motor_dom_sf

FBD

Glyco_hydro_3_N_sf

TPX2_C

MCM_lid

FAD/NAD-bd_sf

Kinesin_motor_dom_sf

BSD_dom

Ala_tRNA_ligase_euk/bac

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

NPC2-like

Rad51_DMC1_RadA

WD40_repeat_dom_sf
Kinase-like_dom_sf

WD40_repeat_dom_sf

SMAD_FHA_dom_sf

CHL1/DDX11

Myb_dom

Rad21/Rec8-like

Histone-fold

AB_hydrolase

Mpv17_PMP22

Pre-SET_CXC

F-box-like_dom_sf

RBD_domain_sf

BAG5/6/7/8

F-box-like_dom_sf

WD40_repeat_dom_sf

Ribosomal_S28e_CS

Retrotrans_gag_dom

Ribosomal_S24e_CS

Histone-fold

Papain-like_cys_pep_sf

Kinesin_motor_dom_sf

RBD_domain_sf

Apc5

DNA_glycosylase

Papain-like_cys_pep_sf

BPM_C

LRR_dom_sf

Znf-CCCH_4

P-loop_NTPase

WD40_repeat_dom_sf

LRR_dom_sf

HAD-like_sf

ARM-type_fold

Whirly

BRCT_dom_sf

Web

FAD/NAD-bd_sf

Exp1_repeat_2

LRR_dom_sf

RecQ_Zn-bd

F-box-like_dom_sf

KH_dom_type_1_sf

Pre-SET_CXC

CDC45

Cdc24_OB3

MBD10/11

G_DYNAMIN_dom

Osmotin/thaumatin-like_sf

PInositol-4-P-5-kinase_N

MCM_lid

DUF1666

Znf_CCHC_sf

Branching_enzy

Histone_H2A_CS

Ankyrin_rpt-contain_sf

DUF1618

CCT_domain

TPR-like_helical_dom_sf

P-loop_NTPase

Aur

PWP2

Kinesin_motor_dom_sf

AminoTfrase-like_pln_mobile

IQ_motif_EF-hand-BS

Uncharacterised_XH

PPR_long

Ribosomal_S3_C_sf

Vta1/CALS_N

FAD/NAD-bd_sf

WD40_repeat_dom_sf

Nucleoporin_S59-like

WD40_repeat_dom_sf

Kinesin_motor_dom_sf

ARM-type_fold

Las1

AAA_lid_3

REPA_OB_2

WH-like_DNA-bd_sf

Polycomb_protein_VEFS-Box

PTAC12

WH_DNA-bd_sf

HATPase_C_sf

P-loop_NTPase

Sin3-like

CENP-T/H4_C

TRANK1

ARM-type_fold

AT_hook_DNA-bd_motif

LRR_dom_sf

GROEL-like_equatorial_sf

Rx_N

DUF3741-assoc

Cyclin-like_sf

MAM33_sf

tRNA_met_Trm1_C

Ub-E1_IAD_1

Thioredoxin-like_sf

UCP016988

TAT_signal

Tubulin/FtsZ_C_sf

ATPase_NBD

HIBYL-CoA-H

HLH_DNA-bd_sf

Nse4/EID

F-box-like_dom_sf

F-box-like_dom_sf

SKP1/BTB/POZ_sf

HS1-bd

WH_DNA-bd_sf

Thymidate_synth/dCMP_Mease_sf

ARM-type_fold

PAH_sf

Mt_carrier_dom_sf

SAP_dom_sf

AldOxase/xan_DH_Mopterin-bd_sf

DYW_dom

DUF4283

G_DYNAMIN_dom

CRIB_dom_sf

SCC2/Nipped-B

P-loop_NTPase

TIF_eIF4e-like

Saposin-like

AB_hydrolase

Nop_C

RBD_domain_sf

Rrm1

VIR_N

DNA2/NAM7-like_C

TPR_repeat

Importin_beta

Ribosomal_L27/L41_mit

Shugoshin_C

Cyclin

RNaseH_sf

WD40_repeat_dom_sf

Protein_kinase_ATP_BS

Palmitoyltrfase_DHHC

WH-like_DNA-bd_sf

TPR-like_helical_dom_sf

Histone-fold

WD40_repeat_dom_sf

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

RNaseH_sf

CENP-T/H4_C

TopoI_DNA-bd_euk_N_sf

SWAP

GCP_N

AAA_lid_10

5-3_exonuclease_C_sf

WD40_repeat_dom_sf

HMA_dom_sfRUVBL2_DII

SNF2-like_sf

WD40_repeat_dom_sf

Znf_RING/FYVE/PHD

ClpA/ClpB_AAA_lid

CRIB_dom_sf

X8

TruD_catalytic

TOG

Znf_RING/FYVE/PHD

Histone-fold

CENP-T/H4_C

P-loop_NTPase

MOM1

Coilin_N

Dev_and_cell_death_domain

F-box-like_dom_sf

DNA_pol_e_bsu_N

TOPRIM_DnaG/twinkle

GROEL-like_equatorial_sf

Condensin_barren_su2

DNA-bd_pseudobarrel_sf

Hect_E3_ubiquitin_ligase

WH_DNA-bd_sf

SAM-dependent_MTases

MAP65_Ase1_PRC1

Ubiquitin-like_domsf

WH-like_DNA-bd_sf

NAP-like_sf

TGT-like_sf

Anticodon_Met

Ipi1_N

FKS1-like_dom1

Cnd3_C

GAUT

P-loop_NTPase

DNA-bd_pseudobarrel_sf

THOC7/Mft1

L18e/L15P_sf

WD40_repeat_CS

SRA-YDG_sf

Znf_C2H2_sf

Protein_kinase_ATP_BS

J_dom_sf

Nucleoporin_S59-like

Rpb5-like

HSP20-like_chaperone

eIF3m_C_helix

Wound_ind

Histone_H2A_C

TPX2_central_dom

HLH_DNA-bd_sf

CENP-T/H4_C

ZN622/Rei1/Reh1_Znf-C2H2

CENP-T/H4_C

RBD_domain_sf

Subtilisin-like_FN3

AB_hydrolase

At4g38062-l ike

JASON

WAP

CHL1/DDX11

Remorin_C

RBD_domain_sf

GINS_bundle-like_dom_sf

RNA_pol_Rpb1_3_sf

NAA40

Cyclin

NAP-like_sf

TRHO_N

DUF1668_ORYSA

Nucellin

KH_dom_type_1_sf

RNaseH_sf

PPR_long

Znf_NHR/GATA

Metal_Hydrolase

RNA_pol-assoc_fac_A49-like

Znf_PHD-finger

Ribokinase-like

Cyclin

ARM-type_fold

TPR_repeat

Histone_H2A_C

MAM33_sf

Palmitoyltrfase_DHHC

BT1

TPR-like_helical_dom_sf
Protein_kinase_ATP_BS

Histone_H2A_CS

CHUP1-like

Btz_dom

BRCT_dom_sf

DNA-bd_pseudobarrel_sf

EME1/EME2_C

Kinesin_motor_dom_sf

Ebp2

DUF4378

KH_dom_type_1_sf

Dbr1_N

TPX2_central_dom

SMC3_ABC_euk

Sugar_P_trans_dom

APC1_C

FAD-bd_PCMH-like_sf

Histone-fold

Sugar_P_trans_dom

Importin_beta

Lectin_gal-bd_sf

IF_2B-like_C

Ribosomal_S23/S29_mit

DNA-bd_pseudobarrel_sf

SMC4_ABC_euk

Ribosomal_L13_sf

Papain-like_cys_pep_sf

HABP4/SERBP1

Ndc80_sf

ARM-type_fold

J_dom_sf

FAS1_dom_sf

Zf-FLZ_dom

F-box-like_dom_sf

Alfin

Ribosomal_L39e_dom_sf

TPR-like_helical_dom_sf

ARM-type_fold

CuRO_1_LCC

UBQ-conjugating_AS

Histone-fold

MCM_lid

HLH_DNA-bd_sf

RBD_domain_sf

Cyt_P450_sf

Znf_CCCH

XS_domain_sf

RPL19

Clp_N_dom_sf

Dev_and_cell_death_domain

TAF1A-like

UPS_plant

TF_GRAS

NAD(P)-bd_dom_sf

SPX_dom

TPR-like_helical_dom_sf

NSP1/NUP62

Cyt_P450_sf

RLI_dom_1

DNA_primase_ssu_euk/arc

LRR_dom_sf

WD40_repeat_dom_sf

Peptidase_C1A_papain-like

MORF/ORRM1/DAG-like

LRR_dom_sf

Snf7_fam

PheRS_beta_core

LRR_dom_sf

Frigida

ARID_dom_sf

HMG_box_dom_sf

F-box-like_dom_sf

Znf_RING/FYVE/PHD

At1g76660-l ike

Arg_succ_lyase_C

CuRO_3_LCC

Kinase-like_dom_sf

Histone-fold

Osmotin/thaumatin-like_sf

EDR4-like

Transketolase_C

Histone-fold

E2F-DP_heterodim

Nop14

Kinesin_motor_dom_sf

MutS_con_dom_sf

Cyclin

TPR-like_helical_dom_sf

CENP-T/H4_C

F-box-like_dom_sf

NOP9

Histone-fold

Mad3/Bub1_I

Glyco_trans_48

TPR_repeat

LRR_dom_sf

RBD_domain_sf

Ankyrin_rpt-contain_sf

AB_hydrolase

DUF4110

WD40_repeat_dom_sf

RNaseH-like_sf

SNF2-like_sf

Pds5

Dihydro-acid_dehy_C

SCC2/Nipped-B

LRR_dom_sf

Histone-fold

RPA43_OB

Histone-fold

DNA/RNA_pol_sf

PPM-type_dom_sf

Myb_dom

Puta_zinc/iron-chelating_dom

HABP4/SERBP1

Histone-fold

CRIB_dom_sf

SCD2-like

Mlo

Frigida

BRCT_dom_sf

Coilin_N

Prot-tyrosine_phosphatase-like

Cyt_P450_sf

UBQ-conjugating_enzyme/RWD

Protodermal_1

Importin_beta

Gyrase/topoIV_suA_C

HSP90_C

CDCA7/CDA7L

AAA_lid_10

P-loop_NTPase

Brix

Kelch-typ_b-propeller

RBD_domain_sf

HATPase_C_sf

WD40_repeat_dom_sf

ZCCHC10

WD40_repeat_dom_sf

LIN37

TBL

MBP2C

Porphobilinogen_deaminase_C_sf

PPM-type_dom_sf

LRR_dom_sf

At5g14285-l ike

Porin_dom_sf

AB_hydrolase

MAP70

SAM-dependent_MTases

WH_DNA-bd_sf

Osmotin/thaumatin-like_sf

Ald_DH_C

WH_DNA-bd_sf

MeTrfase_TrmA_CS

FucosylTrfase_pln

Cyclin

LRR_dom_sf

CBS_dom

Kinesin_motor_dom_sf

LRR_dom_sf

RPN2_C

SMAD_FHA_dom_sf

PInositol-4-P-5-kinase_N

CENP-T/H4_C

DNA/RNA_pol_sf

WH_DNA-bd_sf

WH-like_DNA-bd_sf

SRP54_N_sf

P-loop_NTPase

Homeobox-like_sf

Nucleoporin_int_Nup93/Nic96

AtJ6-like

Ribosomal_S1/3_euk

APC1_C

DNA_pol_lamdba_lyase_dom_sf

Rx_N

WGR_dom_sf

Histone-fold

WH_DNA-bd_sf

CENP-T/H4_C

Histone-fold

TPR-like_helical_dom_sf

AAA_16

HisRS-like_core

XTH

PLC-like_Pdiesterase_TIM-brl

GBBH-like_N_sf

Znf_C3HC-like

HIT4

Pyrv_Kinase-like_dom_sf

F-box-like_dom_sf

ORC_WH_C
Znf_CCCH_sf

G_CP_dom

RBD_domain_sf

FH2_Formin_sf

Remorin_C

NAC_dom_sf

J_dom_sf

RBD_domain_sf

FANCM/Mph1-like

RuvB-like_C

CHUP1-like

NPH3/RPT2-like

UDP-sugar_pyrophosphorylase

YTH_domain

TRAF-like

M3A_MIP

Rad21/Rec8-like

AUX/IAA_dom

P-loop_NTPase

Prot_kin_Mps1_fam

J_dom_sf

cNMP-bd-like

CENP-T/H4_C

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

Histone_H2A_CS

Histone-fold

CENP-T/H4_C

Protein_kinase_ATP_BS

SNF2-like_sf

Kinesin_motor_dom_sf

Ub-E1_IAD_1

Znf_RING/FYVE/PHD

Glycoside_hydrolase_SF

Rossmann-like_a/b/a_fold

HMG_box_dom_sf

Protein_kinase_ATP_BS

Histone-fold

CENP-T/H4_C

WD40_repeat_dom_sf

RBD_domain_sf

Haem_Oase-like_multi-hlx

Kinesin_motor_dom_sf

FAS_N

vWFA_dom_sf

Sugar_P_trans_dom

SAM-dependent_MTases

DUF3741-assoc

F-box-like_dom_sf

SGNH_hydro_sf

TamB

WD40_repeat_dom_sf

Ras_GTPase_bind_prot

MAGE_WH2

Scarecrow-like_28

TRAF-like

Dolichyldiphosphatase_PAP2

HIT4

RBD_domain_sf

MIP1_Leuzipper

WD40_repeat_dom_sf

Histone-fold

Kinase-like_dom_sf

Alba-like_dom_sf

F-box-like_dom_sf

Creatinase/aminopeptidase-like

Donson

TPR-like_helical_dom_sf

Histone_H2A_CS

WD40_repeat_dom_sf

VAP

ALG12

SWIB_MDM2_dom_sf

Choline_transptr-like

GROEL-like_equatorial_sf

Ald_DH_C

Histone-fold

HATPase_C_sf

Rho_N_sf

HLH_DNA-bd_sf

WD40/YVTN_repeat-like_dom_sf

ARM-type_fold

Whirly

Histone-fold

Histone-fold

cNMP-bd-like

MyosinXI_CBD

KELP

EPHD

F-box-like_dom_sf

CRIB_dom_sf

CENP-T/H4_C

RUVBL2_DII

Msp1

CENP-T/H4_C
SKP1/BTB/POZ_sf

snRNP-assoc_SmB/SmN

Histone-fold

WH_DNA-bd_sf

Rrm1

Hat1_N_sf

AS_sf

CAND1/CAND2

PADR1_dom_sf

TPR_repeat

Pds5

KH_dom_type_1_sf

Remorin_C

DNA_ligase_N_sf

TPR-like_helical_dom_sf

Nop52

Znf_RING/FYVE/PHD

Symplekin/Pta1_N

AAA_lid_3

Papain-like_cys_pep_sf

Histone_H2A_CS

Kinesin_motor_dom_sf

WH_DNA-bd_sf

SANT/Myb

MTERF_sf

FAM214/SPAC3H8.04_C

LRR_dom_sf

Interferon-induced_GILT

MCM_lid

LRR_dom_sf

J_dom_sf

NAD(P)-bd_dom_sf

WD40_repeat_dom_sf

HSP20-like_chaperone

Spt16

DNA-bd_pseudobarrel_sf

NAD(P)-bd_dom_sf

CRWN

Deoxycytidylate_deaminase_dom

Timeless_N

DNA-bd_pseudobarrel_sf

Ribokinase-like

AT_hook_DNA-bd_motif

Ribosomal_L14_sf

Histone-fold

SAM_MeTfrase_DRM

SWIB_MDM2_dom_sf

Endo/exonu/phosph_ase_sf

HLH_DNA-bd_sf

Cdc5p/Cef1

Protein_kinase_ATP_BS

MID_MedPIWI

WW_dom_sf

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

HIBYL-CoA-H

Agenet_dom_plant

EME1/EME2_C

TPR-like_helical_dom_sf

Saposin-like

TPR-like_helical_dom_sf

Protein_kinase_ATP_BS

NAB

Znf_PARP_sf

Scorpion_toxin-like_sf

P-loop_NTPase

MutS_con_dom_sf

TRAF-like

ARID_dom_sf

ELYS_dom

DUF502

Znf_C2H2_sf

Histone-fold

Mms4/EME1/EME2

WD40_repeat_dom_sf

MnmG_N

Histone-fold

Thioredoxin-like_sf

RNaseH_sf

USP7_ICP0-binding_dom

Ankyrin_rpt-contain_sf

Clp_N_dom_sf

WH_DNA-bd_sf

WRKY_dom_sf

TPR-like_helical_dom_sf

BAH_sf

Peptidase_S1_PA

Enolase-like_C_sf

Protein_kinase_ATP_BS

F-box-like_dom_sf

Myb_dom

Hat1_N_sf

Nup133-l ike

Histone_H2A_CS

P-loop_NTPase

Protein_kinase_ATP_BS

SHOC1-like

AHL15-29

RST

WH_DNA-bd_sf

GROEL-like_equatorial_sf

Cyt_P450_sf

DNA/RNA_pol_sf

7-in-absentia-prot_TRAF-dom

DUF1618

Histone-fold

Histone-fold

ATPase_NBD

Kinesin_motor_dom_sf

F-box-like_dom_sf

ELYS_dom

Mlo

SWIB_MDM2_dom_sf

ExoRNase_PH_dom2_sf

MeTrfase_capping

PALE_CRESS

L30e-like

WGR_dom_sf

P-loop_NTPase

WD40_repeat_dom_sf

LRR_dom_sf

AUX/IAA_dom

Rx_N

Kinase-like_dom_sf

P-loop_NTPase

NAB

Papain-like_cys_pep_sf

Xant/urac/vitC

DNA2/NAM7-like_C

Znf_CCHC_sf

RNaseH_sf

G_CP_dom

RNA_pol_Rpb2_2_sf

Histone-fold

SRA-YDG_sf

WRC_dom

WH_DNA-bd_sf

Protein_kinase_ATP_BS

AUX/IAA_dom

ARM-type_fold

Protein_kinase_ATP_BS

LRR_dom_sf

RBD_domain_sf

YTH_domain

DUF1618

Sm_D1

LRR_dom_sf

UBP13_Znf-UBP_var

WD40_repeat_dom_sf

FNR_nucleotide-bd

BRCT_dom_sf

MAM33_sf

Sugar_P_trans_dom

Histone-fold

WH_DNA-bd_sf

P-loop_NTPase

Ser_caboxypep_his_AS

Cystatin

Histone-fold

CENP-T/H4_C

FKS1-like_dom1

PWWP_dom

snRNA-activating_su3

TPR-like_helical_dom_sf

Histone-fold

Donson

NaCa_Exmemb

Sm_F

Myb-like_dom

Histone-fold

SBP_sf

Cyclin

RBD_domain_sf

Isy1_sf

Rx_N

Kinesin_motor_dom_sf

TPX2_central_dom

PH-like_dom_sf

vWFA_dom_sf

P-loop_NTPase

Ncaph2

DUF630

RBD_domain_sf

L36e_sf

Histone-fold

Histone_H2A_CS

TRCF-like_C

CENP-T/H4_C

WH_DNA-bd_sf

WH_DNA-bd_sf

BRCT_dom_sf

GINS_bundle-like_dom_sf

Aur

RBD_domain_sf

IsoPropMal-DH-like_dom

Ubiquitin-activating_enz

Znf_RanBP2_sf

WD40_repeat_dom_sf

ATPase_NBD

Aquaporin_transptr

RBD_domain_sf

Histone-fold

Kinesin_motor_dom_sf

CASP_dom

HMG_box_dom_sf

Enolase-like_C_sf

Cupin_8

ClpA/ClpB_AAA_lid

MCM_lid

NDX

CTNNBL1

PFN_sf

TEX10/Ipi1

HRD

ARM-type_fold

NT_sf

C-N_Hydrolase_sf

aa-tRNA-synth_II

ARM-type_fold

CENP-T/H4_C

Glyco_hydro_1_N_CS

S1_dom

BLT-like

RBD_domain_sf

SRA-YDG_sf

WW_dom_sf

Rfa2

LRR_dom_sf

Importin_beta

P-loop_NTPase

P-loop_NTPase

Papain-like_cys_pep_sf

WD40_repeat_dom_sf

P-loop_NTPase

Histone-fold

AB_hydrolase

P-loop_NTPase

WD40_repeat_dom_sf

GEBP

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

PI3/4_kinase_cat_sf
WD40_repeat_dom_sf

WPP_sf

Histone-fold

P-loop_NTPase

F-box-like_dom_sf

Znf_C2H2_type

CENP-T/H4_C

P-loop_NTPase

TD_ACT-like_sf

Ribosomal_S5_D2-typ_fold

Urb2/Npa2_C

Trigger_fac_ribosome-bd_sf

GGT_lsub_C

Histone-fold

SF3b_su1-like

SF3A3

RBD_domain_sf

AB_hydrolase

SANTA

RCC1/BLIP-II

IPNS-like

Histone-fold

GHD

G_ENGB_dom

F-box-like_dom_sf

Znf_PHD-finger

Histone-fold

P-loop_NTPase

BRX_N

TBL

Lectin_gal-bd_sf

Ribosomal_L7A/L8_sf

DUF2062

CENP-T/H4_C

MFS_trans_sf

Tubulin/FtsZ_GTPase_sf

MCM_complex-bd

SKP1-like_dim_sf

NAT12

Histone-fold

Nop52

TPR_repeat

Web

Kinesin_motor_dom_sf

CENP-T/H4_C

THO_THOC1

Pre-SET_CXC

P-loop_NTPase

LRR_dom_sf

Protein_kinase_ATP_BS

SAP_dom

Alpha/beta_knot_MTases

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

CRWN

MTERF_sf

NA-bd_OB-fold

Aur

NA-bd_OB-fold

ClpP/crotonase-like_dom_sf

AUX/IAA_dom

J_dom_sf

Histone_H2A_CS

Ankyrin_rpt-contain_sf

RBD_domain_sf

AN1-like_Znf

ASY3-like

PCI_dom

Nop_C

Cyclin

Ribosomal_L7A/L8_sf

CENP-T/H4_C

GRF

RNaseH_sf

SAM-dependent_MTases

TF_TCP_subgr

cNMP-bd-like

Dev_and_cell_death_domain

LRR_dom_sf

AP2/ERF_dom_sf

ARD_euk

ATX1/2_PHD

RNA_pol_III_Rpc5

CENP-T/H4_C

RibonucZ/Hydroxyglut_hydro

CENP-T/H4_C

Aldolase_TIM

NAD(P)-bd_dom_sf

CENP-T/H4_C

XS_domain_sf

LRR_dom_sf

G_ENGB_dom

LRR_dom_sf

Protein_kinase_ATP_BS

Kinesin_motor_dom_sf

AAA_lid_10

Histone-fold

Znf_RanBP2_sf

TPR-like_helical_dom_sf

Frigida

RNaseH_sf

WD40_repeat_dom_sf

F-box-like_dom_sf

RBD_domain_sf

HMA_dom_sf

TPR-like_helical_dom_sf

WH_DNA-bd_sf

MCM_lid

WD40_repeat_dom_sf

Znf_PHD-finger

Yippee_fam

RBD_domain_sf

DNA-bd_pseudobarrel_sf

Treslin_N

CENP-T/H4_C

SNF2-like_sf

RFA2-like

SNI1

GCP_N

Alfin

CAF1A

FAD/NAD-bd_sf

MTERF_sf

FH2_Formin_sf

7-in-absentia-prot_TRAF-dom

DNA_primase_lsu_euk

WD40_repeat_dom_sf

PLP-binding_barrel

CHUP1-like

AN1-like_Znf

F-box-like_dom_sf

EXO1_H3TH

Mot2

HAD-like_sf

Ubiquitin-like_domsf

LRR_dom_sf

WD40_repeat_dom_sf

vWFA_dom_sf

DNA-bd_pseudobarrel_sf

J_dom_sf

WD40_repeat_dom_sf

ICR

WIYLD_dom_sf

Kinesin_motor_dom_sf

DUF295

WH_DNA-bd_sf

P-loop_NTPase

GCFC_dom

UBQ-conj_enz_E2-bd_prot

MTERF_sf

CENP-T/H4_C

LRR_dom_sf

DAGAT

UBP13_Znf-UBP_var

SMC_hinge_sf

MPP_PAP

WD40_repeat_dom_sf

PyrdxlP-dep_Trfase

SNO_AAA

TPR_repeat

CDC50/LEM3_fam

TPR-like_helical_dom_sf

AUX/IAA_dom

Myb-like_dom

IF_rod_dom_coil1B

BAH_sf

QWRF

P-loop_NTPase

SPARK

BRCT_dom_sf

T_SNARE_dom

TopoI_DNA-bd_euk_N_sf

DUF1668_ORYSA

P-loop_NTPase

WD40_repeat_dom_sf

P-loop_NTPase

ATAD3

Toll_tir_struct_dom_sf

5-3_exonuclease_C_sf

G_ERA_dom

P-loop_NTPase

ARM-type_fold

BRCT_dom_sf

WD40_repeat_dom_sf

WHIM1_dom

Protein_kinase_ATP_BS

RBD_domain_sf

EPHD

Znf_CCCH_sf

Kinesin_motor_dom_sf

Methyltr_RsmF_N

CENP-T/H4_C

DA1-like

SAM-dependent_MTases

RBD_domain_sf

Cyt_B5-like_heme/steroid_sf

Papain-like_cys_pep_sf

Znf_PHD-finger

Cdc5p/Cef1

Kinesin_motor_dom_sf

TopoI_DNA-bd_euk_N_sf

TBL

TBRG1

DUF3456

Histone-fold

Znf_C2H2_sf

C2_domain_sf

Lectin_gal-bd_sf

GINS_Psf3_sf

HLH_DNA-bd_sf

RNA_pol_Rpb1_3_sf

MIP1_Leuzipper

F-box-like_dom_sf

LRR_dom_sf

Kelch-typ_b-propeller

P-loop_NTPase

Znf_FYVE-rel

Treslin_N

Pds5

Cyclin-like_sf

EIF3A

AB_hydrolase

J_dom_sf

GROEL-like_equatorial_sf

AAA_lid_3

P-loop_NTPase

LRR_dom_sf

DUF1668_ORYSA

CENP-T/H4_C

Protein_kinase_ATP_BS

P-loop_NTPase

Papain-like_cys_pep_sf

TruB_C

Rx_N

P-loop_NTPase

MCM_lid

ExoRNase_PH_dom2_sf

P-loop_NTPase

ChlI/MoxR_AAA_lid

Vid27

RNApol_insert_sf

NA-bd_OB-fold

SRA-YDG_sf

Web

SNF2-like_sf

MFS_trans_sf

Histone_H2A_CS

EME1/EME2_C

WH_DNA-bd_sf

WD40_repeat_dom_sf

Myb_dom

WD40_repeat_dom_sf

Histone_H2A_CS

DUF597

Nop_C

DNA_primase_lsu_euk

WH_DNA-bd_sf

Papain-like_cys_pep_sf

U5-116kDa_C

Cyclin

Ribosomal_L4_dom_sf

J_dom_sf

PADR1_dom_sf

Znf_RanBP2_sf

RNA_pol_Rpb1_3_sf

Znf_CCCH_sf

BRCT_dom_sf

Homeobox-like_sf

P-loop_NTPase

GLE1-like_sf

Znf_LIM

UBL3-like

SWIB_MDM2_dom_sf

AP2/ERF_dom_sf

Cullin_homology_sf

Nup84/Nup107

DUF1421

RBD_domain_sf

CENP-T/H4_C

Transl_init_fac_IF2/IF5_Zn-bd

Myb_dom

DUF3615

Znf_RING_CS

FH2_Formin_sf

Tesmin/TSO1-like_CXC

AA_transpt_TM

GROEL-like_equatorial_sf

RBD_domain_sf

Methyltransf_25

Cytochrome_B561-rel

Ferritin-like_SF

Rossmann-like_a/b/a_fold

HMG_box_dom_sf

Pumilio_RNA-bd

TPR-like_helical_dom_sf

J_dom_sf

NAD(P)-bd_dom_sf

CSN8_PSD8_EIF3K

SNF2-like_sf

BRCA2_hlx_sf

Kinesin_motor_dom_sf

Thiolase_C

AAA_lid_3

ARM-type_fold

Lectin_gal-bd_sf

D15-l ike

N-reg_PII_CS

Glycoside_hydrolase_SF

Methyltransf_FA

Rrm1

ClpA/ClpB_AAA_lid

DNA/RNA_pol_sf

F-box-like_dom_sf

SNF2-like_sf

DYW_dom

NUP88/NUP82

SSRP1_sf

Rpb5-like

Nup54_alpha-helical_dom

Rad50/SbcC_AAA

F-box-like_dom_sf

WRC_dom

SRA-YDG_sf

HMG_box_dom_sf

RNA_MTrfase_RlmN

SAM-dependent_MTases

Ribokinase-like

IPNS-like

EF_Hand_1_Ca_BS

BAH_sf

D15-l ike AUX/IAA_dom

BRX1

CDCA7/CDA7L

RibonucZ/Hydroxyglut_hydro

SRA-YDG_sf

Telomerase_RBD

PORR_domain

CENP-T/H4_C

Symplekin/Pta1_N

PyrdxlP-dep_Trfase

Ankyrin_rpt-contain_sf

TPX2_central_dom

CENP-T/H4_C

CENP-T/H4_C

RNaseH_sf

JASON

Tensin_phosphatase

7-in-absentia-prot_TRAF-dom
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Figure 4.14. Revigo analysis of GO terms from RNA processing cluster. GO terms 
coloured as found in the red ‘RNA processing’ cluster of Figure 4.12 plotted in semantic space 
based on GO term similarity with the term size represented on the right of the plot. 
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CENP-T/H4_C

NAT10

TRCF-like_C

Cnd1_C

Endo/exonu/phosph_ase_sf

Serpin_sf_2

PMF1/Nnf1

Cnd1_C

GCP_C_sf

Rnp2-like_sf

Uncharacterised_XH

At4g38062-l ike

CRIB_dom_sf

MFS_trans_sf

Shugoshin_C

ARM-type_fold

P-loop_NTPase

CENP-T/H4_C

Kinase-like_dom_sf

PRMT5_C

Morc_S5

Hist-Lys_N-MeTrfase_SET2_plant

Ub-E1_IAD_1

His_deacetylse_dom_sf

DNA-bd_pseudobarrel_sf

NAD(P)-bd_dom_sf

SANT_dom

JASON

Frigida

GRDP-like

SMAD_FHA_dom_sf

Sas10_C_dom

RNaseH_sf

DNA_primase_ssu_euk/arc

Ubiquitin-activating_enz

F-box-like_dom_sf

Ribokinase-like

STMP1

Znf_RING/FYVE/PHD

MBD10/11

Haem_Oase-like_multi-hlx

MAM33_sf

GINS_bundle-like_dom_sf

F-box-like_dom_sf

RibonucZ/Hydroxyglut_hydro

Aquaporin_transptr

Myb_dom

XPO5

Prot_kin_Mps1_fam

P-loop_NTPase

Anticodon_Ile_ABEc

Dev_and_cell_death_domain

SWIB_MDM2_dom_sf

WD40_repeat_dom_sf

RPN1_C

Glutathione-S-Trfase_C_sf

DNA2/NAM7-like_C

RNaseH_sf

CAT_C

WD40_repeat_dom_sf

TPX2_central_dom

Cyt_P450_sf

WH-like_DNA-bd_sf

SNF2-like_sf

Apc5_dom

DNA_pol_alpha_bsu

Zf-FLZ_dom

CENP-T/H4_C

Condensin_barren_su2

Peptidase_C78_UfSP1/2

Thioredoxin-like_sf

Protein_kinase_ATP_BS

HSP20-like_chaperone

AAA_15

DNA2/NAM7-like_C

P-loop_NTPase

XPOT

PGAP5/Cdc1/Ted1

HDR1

Peptidase_S1_PA

NAC_dom_sf

Ncaph2

Chaperonin_GroES_sf

LRR_dom_sf

Vid27

WH-like_DNA-bd_sf

Subtilisin-like_FN3

Protein_kinase_ATP_BS

GIY-YIG_endonuc_sf

Thioredoxin-like_sf

MutS_con_dom_sf

Lsm7

BRCT_dom_sf

MATE_fam

RBD_domain_sf

DIRP

SH2_dom_sf

AAA_lid_3

RBD_domain_sf

WRC_dom

Histone_H2A_CS

Pept_tRNA_hydro_sf

Rfa2

Kinase-like_dom_sf

SAM-dependent_MTases

ZPR1_Znf1/2

UBQ-conjugating_enzyme/RWD

RNApol_insert_sf

ATX1/2_PHD

TF_TCP_subgr

RNaseH_sf

CRAL-TRIO_dom_sf

WH_DNA-bd_sf

TPR-like_helical_dom_sf

Ankyrin_rpt-contain_sf

DUF4378

Protein_kinase_ATP_BS

GROEL-like_equatorial_sf

DUF936_pln

Pr_cel_nuc_antig_CS

ORC6

TPR-like_helical_dom_sf

WH_DNA-bd_sf

SRA-YDG_sf

ClpA/ClpB_AAA_lid

Arg-tRNA-synth_N_sf

Donson

NAD(P)-bd_dom_sf

P-loop_NTPase

Histone-fold

AHL

RFWD3

NAD(P)-bd_dom_sf

CENP-T/H4_C

LRR_dom_sf

TPR-like_helical_dom_sf

TPR-like_helical_dom_sf

Rad50/SbcC_AAA

Kinesin_motor_dom_sf
CENP-T/H4_C

Endochitinase-like_sf

Ankyrin_rpt-contain_sf

Kinase-like_dom_sf

P-loop_NTPase

Nucellin

cNMP-bd-like

ExoRNase_PH_dom2_sf

Endo/exonu/phosph_ase_sf

WD40_repeat_dom_sf

CENP-T/H4_C

WD40_repeat_dom_sf

P-loop_NTPase

QWRF

Glycoside_hydrolase_SF

PolD2_C

BRCT_dom_sf

Myb-like_dom

YTH_domain

DNK_dom

ATPase_NBD

CENP-T/H4_C

Kinase-like_dom_sf

SRD5A/TECR

Histone_H2A_CS

WD40_repeat_dom_sf

Pyrv_Kinase-like_dom_sf

MCM_lid

DUF1639

F-box-like_dom_sf

Utp6

CDCA7/CDA7L

FH2_Formin_sf

RBD_domain_sf

CENP-T/H4_C

J_dom_sf

TPR-like_helical_dom_sf

RBD_domain_sf

Glyco_hydro_127

MCM_lid

Protein_kinase_ATP_BS

TPR-like_helical_dom_sf

Xant/urac/vitC

Atg6/beclin_CC

NAD(P)-bd_dom_sf

PH-like_dom_sf

FucosylTrfase_pln
Ald_DH_C

CBP80

ARM-type_fold

NAD(P)-bd_dom_sf

Histone-fold

RBD_domain_sf

MFS_trans_sf

Zinc_ribbon_12

NAD(P)-bd_dom_sf

HAD-like_sf

WHIM2_dom

L30e-like

Creatinase/aminopeptidase-like

mRNA_splic_Cwf21_dom

Cullin_repeat-like_dom_sf

TPR-like_helical_dom_sf

P-loop_NTPase

TPR-like_helical_dom_sf

SNF2-like_sf

HATPase_C_sf

TRIAD_supradom

TPR-like_helical_dom_sf

CSN5_C

LIM-bd/SEUSS

Znf_PHD-finger

NAB

REF

F-box-like_dom_sf

HMG_box_dom_sf

Ribosomal_L23/L15e_core_dom_sf

NFRKB

snRNP-E

PPR_long

MAP65_Ase1_PRC1

Rx_N

GatB_C_1

NAC_dom_sf

KH_dom_type_1_sf WPP_sf

Cyclin

Alba-like_dom_sf

Znf_C2H2_type

Kinesin_motor_dom_sf

DAGAT

Ribosomal_S3_C_sf

TPR_repeat

GEBP

REPA_OB_2

P-loop_NTPase

Kinesin_motor_dom_sf

Znf_CCCH_sf

NUP2/50/61

Znf_RING/FYVE/PHD

RNaseH_sf

Protein_kinase_ATP_BS

AP2/ERF_dom_sf

HAD-like_sf

WD40_repeat_dom_sf

CENP-T/H4_C

Ribosomal_L7A/L8_sf

Cyt_P450_sf

CENP-T/H4_C

GIR2-like

Histone-fold

SAC3/GANP/THP3

BRCT_dom_sf

Telomerase_RBD

Peptidase_S54_rhomboid_dom

Kinesin_motor_dom_sf

Cyt_P450_sf

HMA_dom_sf

Kinesin_motor_dom_sf

TPR-like_helical_dom_sf

F-box-like_dom_sf

Znf-4CXXC_R1

MED15_KIX

ASY3-like

LRR_dom_sf

Red-like

Nop_C

PolD2_C

D15-l ike

Histone_H2A_CS

ASF1-like_sf

Ankyrin_rpt-contain_sf

WD40_repeat_dom_sf

SMC4_ABC_euk

MATE_fam

RBD_domain_sf

Histone-fold

Cnd1_C

ABC1_TM_sf

NPH3_dom

MyTH4_dom_sf

Kinase-like_dom_sf

WD40_repeat_dom_sf

ASY3-like

HLH_DNA-bd_sf

Rx_N

CENP-T/H4_C

ZPR1_Znf1/2

Histone-fold

Cwf19-like

Znf_PHD-finger

Topless_fam

Pr_cel_nuc_antig_CS

IF_2B-like_C

AMP-dep_Synthh-like_sf

HAD-like_sf

P-loop_NTPase

WD40/YVTN_repeat-like_dom_sf

PFU_sf

RPN2_C

NAD(P)-bd_dom_sf

Znf_CCCH

S1_dom

PPR_long

TPR-like_helical_dom_sf

AA_transpt_TM

Cyclin

Histone-fold

NT_sf

ACOT13

CNNM

vWFA_dom_sf

Histone_H2A_CS

Znf_CCCH_sf

SNF2-like_sf

Prot-tyrosine_phosphatase-like

Germin_Mn-BS

Met-dep_prot_hydro

AUX/IAA_dom

RBD_domain_sf

Trypto_synt_PLP_dependent

Histone-fold

DUF1771

P-loop_NTPase

RibonucZ/Hydroxyglut_hydro

DUF4050

AA_transpt_TM

Kinesin_motor_dom_sf

Kinesin_motor_dom_sf

Protein_kinase_ATP_BS

MutS_con_dom_sf

Rx_N

U5-116kDa_C

CENP-T/H4_C

SNF2-like_sf

LRR_dom_sf

Histone-fold

DYW_dom

DUF3741-assoc

RBBP5/Swd1

BRCT_dom_sf

CuRO_1_AAO-like

Cyclin-like_sf

Plantacyanin

ssDNA-bd_transcriptional_reg

Cyclin

Znf_RING/FYVE/PHD

Histone-fold

Rad21/Rec8-like

Znf_CCCH_sf

PFU_sf

Tensin_phosphatase

KFase_sf

HATPase_C_sf

Toll_tir_struct_dom_sf

Histone_H2A_CS

Pr_cel_nuc_antig_CS

Glyco_hydro_9_His_AS DUF597

RlpA-like_sf

Histone_H2A_CS

HATPase_C_sf

NPL

LRR_dom_sf

NAP-like_sf

Cyclin

ATPase_NBD

LRR_dom_sf

BES1_N

WD40_repeat_dom_sf

CDC45

Cullin_repeat-like_dom_sf

Peptidase_S1_PA

WD40_repeat_dom_sf

Pesterase_At2g46

GIP1

CAND1/CAND2

Urease_linker

Kri1-like_C

RBD_domain_sf

ClpP/crotonase-like_dom_sf

TPR_repeat

WW_dom_sf

P-loop_NTPase

Palmitoyltrfase_DHHC

Nucleoporin_p58/p45

RBD_domain_sf

POLD3_sf

Myb-like_dom

Ser_caboxypep_his_AS

Cyclophilin-like_dom_sf

FANCI_S2

Znf_RanBP2_sf

Znf_RING/FYVE/PHD

CCT_domain

LRR_dom_sf

Myb_dom

CCT_domain

Cyt_P450_sf

HAD-like_sf

CENP-T/H4_C

ATPase_NBD

Scorpion_toxin-like_sf

PPR_long

Histone-fold

DEK_C

Tubulin/FtsZ_GTPase_sf

Myb_dom

LCCL_sf

EPFL

Protein_kinase_ATP_BS

WRKY_dom_sf

TPR-like_helical_dom_sf

P-loop_NTPase

Kinesin_motor_dom_sf

Kinesin_motor_dom_sf

Inositol_monoP_metal-BS

TPR-like_helical_dom_sf

GROEL-like_equatorial_sf

DUF4220

DUF4057

P-loop_NTPase

SVIP

5-3_exonuclease_C_sf

Saposin-like

Prkrip1

Kinesin_motor_dom_sf

Znf_CCCH_sf

Protein_kinase_ATP_BS

MCM_lid

Nse4/EID

YTH_domain

FH2_Formin_sf

ARM-type_fold

DYW_dom

Histone-fold

GASA

WH_DNA-bd_sf

CDI

SNF2-like_sf

Kinesin_motor_dom_sf

Bifun_inhib/LTP/seed_sf

Protein_kinase_ATP_BS

F-box-like_dom_sf

MCM_lid

LRR_dom_sf

PPM-type_dom_sf

BAH_sf

ClpA/ClpB_AAA_lid

DUF1771

Kinesin_motor_dom_sf

UDP_glucos_trans

TPR_repeat

Histone-fold

FANCM/Mph1-like

F-box-like_dom_sf

NPL

KOW_Spt5_6

Pyrv_Kinase-like_dom_sf

Sugar_P_trans_dom

Peptidase_M28B

Kinesin_motor_dom_sf

Tesmin/TSO1-like_CXC

P-loop_NTPase

Peptidase_S1_PA_chymotrypsin

RNaseH_sf

MutS_con_dom_sf

TPR-like_helical_dom_sf

MAP65_Ase1_PRC1

Aquaporin_transptr

FAD/NAD-bd_sf

CENP-T/H4_C

RBD_domain_sf

TPR-like_helical_dom_sf

KH_dom_type_1_sf

GIY-YIG_endonuc_sf

Histone-fold

tRNA_ligase_1

Histone-fold

PWWP_dom

Cyclin-like_sf

P-loop_NTPase

Centromere_Mis12

Ubiquitin-activating_enz

SKP1-like_dim_sf

FAD/NAD-bd_sf

TOPRIM_DnaG/twinkle

CDCA7/CDA7L

Trp-tRNA-ligase_bac-type

PALE_CRESS

SRA-YDG_sf

RBD_domain_sf

DUF4057

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

PyrdxlP-dep_Trfase

Lys-tRNA-ligase_II_bac/euk

TPX2_C

TPR-like_helical_dom_sf

ICln/Lot5

Ntn_hydrolases_N

DUF630

5-3_exonuclease_C_sf

Csc1_N

TOPRIM_DnaG/twinkle

Ub-E1_IAD_1

Bin3-like

OGT/SEC/SPY_C

Ski3/TTC37

Arg-tRNA-synth_N_sf

BRCT_dom_sf

NAC_dom_sf

ARM-type_fold

TPR-like_helical_dom_sf

Tubulin/FtsZ_C_sf

Palmitoyltrfase_DHHC

DUF872_TM

WD40_repeat_dom_sf

Znf_C2H2_sf

TPR-like_helical_dom_sf

Cyclin-like_sf

MCM_complex-bd

SAP_dom_sf

EXO1_H3TH

Palmitoyltrfase_DHHC

Myb_dom

NAC_dom_sf

Aminopeptidase_N-like_N

Rubisco_LSMT_subst-bd_sf

E3_ELL-like

C-N_Hydrolase_sf

Methyltransf_25

Glyco_hydro_9_Asp/Glu_AS

P-loop_NTPase

FBXO4

GCP_C_sf

Spc25

Peptidase_C15-like_sf

L24e/L24_sf

Rx_N

DNK_dom

WD40_repeat_dom_sf

DHS-like_NAD/FAD-binding_dom

Shugoshin_C

MCM_lid

DUF1618

TPR-like_helical_dom_sf

Sec8/EXOC4

APC1_C

IPNS-like

TOPRIM_TopoIII

CENP-T/H4_C

Papain-like_cys_pep_sf

NT-C2

POLD3_sf

MCM_lid

RibonucZ/Hydroxyglut_hydro

PEPTIDASE_A1

Oberon_PHD

CDI

ARM-type_fold

SE/Ars2

MAP70

Rrm1

Transl_init_fac_IF2/IF5_Zn-bd

WD40_repeat_dom_sf

TPR_repeat

WD40_repeat_dom_sf

WD40_repeat_dom_sf

VIR_N

Cit_transptr-like_dom

Aminotrans_V_PyrdxlP_BS

P-loop_NTPase

At4g26450-l ike

Histone-fold

AB_hydrolase

Papain-like_cys_pep_sf

Histone_H2A_CS

Marf1

Protein_kinase_ATP_BS

MAM33_sf

HATPase_C_sf

Znf_RanBP2_sf

Tubulin/FtsZ_C_sf

DNA/RNA_pol_sf

INO80B/Ies2

HAUS3_N

Spo22/ZIP4/TEX11

Histone_H2A_CS

WD40_repeat_dom_sf

BAF250/Osa

RNR-like

TPX2_central_dom

TruB_C

FN3_sf

WPP_sf

NAD(P)-bd_dom_sf

ARD_euk

CENP-T/H4_C

FN3_sf

Anticodon-bd_dom_sf

HNH_nuc

Kinesin_motor_dom_sf

RNase_III_sf

GCFC_dom

Malectin-like_Carb-bd_dom

Histone_H2A_CS

Histone-fold

Peptidase_A22B_SPP

CENP-C/Mif2/cnp3

LRR_dom_sf

SCAR/WAVE_fam

DNA-bd_pseudobarrel_sf

VAP

RBD_domain_sf

Histone-fold

RPL14_KOW

WH_DNA-bd_sf

WD40_repeat_dom_sf

WH_DNA-bd_sf

Ribosomal_L14_sf C-N_Hydrolase_sf

Histone-fold

Histone-fold

F-box-like_dom_sf

POLAR-like

Histone-fold

7-in-absentia-prot_TRAF-dom

CENP-T/H4_C

RBD_domain_sf

SUN_dom

Cyclin

Arg-tRNA-synth_N_sf

BRCT_dom_sf

Protein_kinase_ATP_BS

Sec3-PIP2_bind

LTSS

Nucleoporin_S59-like

DNA_primase_ssu_euk/arc

Condensin_barren_su2

AT_hook_DNA-bd_motif

Rossmann-like_a/b/a_fold

SWIB_MDM2_dom_sf

Lys-tRNA-synth_II_C

Ribosomal_S2_euk

Rho_N

CND3

Ankyrin_rpt-contain_sf

SKP1/BTB/POZ_sf

IF_rod_dom_coil1B

FAD/NAD-bd_sf

WD40/YVTN_repeat-like_dom_sf

ATPase_NBD

Histone_H2A_CS

LRR_dom_sf

Interferon-induced_GILT

Hist-Lys_N-MeTrfase_SET2_plant

P-loop_NTPase

P-loop_NTPase

RNA_pol_Rpb1_3_sf

Homeobox-like_sf

ORC_WH_C

Znf_CCCH_sf

DNA-bd_pseudobarrel_sf

IPNS-like

SSRP1_sf

CENP-T/H4_C

Ubiquitin-activating_enz

Protein_kinase_ATP_BS

XS_domain_sf

Nup186/Nup192/Nup205

Ribosomal_L17_sf

CENP-T/H4_C

Lsm7

L40e_sf

WD40_repeat_dom_sf

DedA

LysM_dom_sf

Cyclin

DNA-bd_pseudobarrel_sf

WD40_repeat_dom_sf

Histone-fold

Mn/Fe_SOD_N_sf

CENP-T/H4_C

TPR-like_helical_dom_sf

TF_TCP_subgr

Papain-like_cys_pep_sf

Kinesin_motor_dom_sf

Subtilisin-like_FN3

HMG_box_dom_sf

GHD

Myb_dom

GOSR2/Membrin/Bos1

ATPase_NBD

Rad9

ARM-type_fold

STPPase_N

Histone-fold

P-loop_NTPase

Ankyrin_rpt-contain_sf

DUF3741-assoc

Histone-fold

WD40_repeat_dom_sf

Inner_centromere_prot_ARK-bd

HMA_dom_sf

Treslin_N

LRR_dom_sf

BAH_sf

F-box-like_dom_sf

MOM1

Hat1_N_sf

Sm_D1

Haem_peroxidase_sf

Histone_H2A_CS

G_ENGB_dom

His_Pase_VIP1

Alpha/beta_knot_MTases

FAS1_dom_sf

ClpP_His_AS

Cnd1_C LRR_dom_sf

TOPRIM_TopoIII

Anticodon-bd_dom_sf

Ribosomal_L10e/L16_sf

Cyclin

Protein_kinase_ATP_BS

F-box-like_dom_sf

HSP20-like_chaperone

Protein_kinase_ATP_BS

NOB1

Translin_sf

P-loop_NTPase

RFWD3

DYW_dom

Kelch-typ_b-propeller

ELYS_dom

MCM_lid

NT-C2

Pectin_lyase_fold/virulence

MutM-like_N-ter

Kinesin_motor_dom_sf

Papain-like_cys_pep_sf

RING-CH-C4HC3_LTN1

Rx_N

Fig4-like

TPR-like_helical_dom_sf

Histone-fold

TIF2_asu_C

CENP-T/H4_C

PheRS_DBD3

NUDIX_hydrolase-like_dom_sf

PUS1/PUS2-like

WHIM2_dom

SANTA

Protein_kinase_ATP_BS

WH_DNA-bd_sf

BAH_sf

IQ_motif_EF-hand-BS

tRNA-synt_1_cat_dom

Pept_M16_N

DNA2/NAM7-like_C

CDCA7/CDA7L

Ankyrin_rpt-contain_sf

G_DYNAMIN_dom

P-loop_NTPase

Histone_H2A_CS

Nucleoporin_S59-like

Protein_kinase_ATP_BS

RNA_pol_Rpb2_2_sf

Pept_M16_N

AAA_lid_10

GROEL-like_equatorial_sf

CSN8_PSD8_EIF3K

Peptidase_S1_PA_chymotrypsin

KH_dom_type_1_sf

LRR_dom_sf

CENP-T/H4_C

MCD1

Ltv1

Znf_NHR/GATA

Chaperonin_GroES_sf

TPR_repeat

AB_hydrolase

P-loop_NTPase

Donson

DUF1666

GRIP_dom

CENP-T/H4_C

SBP_sf

RibonucZ/Hydroxyglut_hydro

SRA-YDG_sf

WH-like_DNA-bd_sf

REPA_OB_2

Myb_dom

Kinesin_motor_dom_sf

Kinesin_motor_dom_sf

LZ3wCH

Rx_N

GAGA-bd_tscrpt_act

LRR_dom_sf

L36e_sf

MCM_complex-bd

CRAL-TRIO_dom_sf

Rad21/Rec8-like

CRIB_dom_sf

TM_Fragile-X-F-assoc

EF-hand_13

CH_dom_sf

DYW_dom

ACR1-12

HORMA_dom_sf

SMC3_ABC_euk

Kinase-like_dom_sf

GRF

TPR-like_helical_dom_sf

LRR_dom_sf

Histone_H2A_CS

Papain-like_cys_pep_sf

Peptidase_C1A_papain-like

Myb-like_dom

Methylthiotransferase_N_sf

ALOG

HATPase_C_sf

ML_PG-PI_TP

NUP2/50/61

HATPase_C_sf

SWIB_MDM2_dom_sf

KH_dom_type_1_sf

TF_TCP_subgr

HATPase_C_sf

Znf_Dof

Cullin_repeat-like_dom_sf

Porin_Euk/Tom40

TPR-like_helical_dom_sf

Ribo_hydro-like

Histone-fold

PWWP_dom

Histone-fold

Cyclin

Protein_kinase_ATP_BS

Web

F-box-like_dom_sf

C2_domain_sf

ARM-type_fold

P-loop_NTPase

HMG_box_dom_sf

VAP

KH_dom_type_1_sf

Nucleoporin_S59-like

Histone-fold

RST

F-box-like_dom_sf

SEPARIN_core_dom

Kinase-like_dom_sf

Histone_H2A_CS

WD40_repeat_dom_sf

LIN37

ARM-type_fold

UBQ-conjugating_enzyme/RWD

PyrdxlP-dep_Trfase

DBC1/CARP1_inactive_NUDIX_dom

CH_dom_sf

PP5_C

BPM_C

TAP42/TAP46-like_sf

PDCD2_C

DUF630

J_dom_sf

Histone-fold

Znf_RING/FYVE/PHD

Ankyrin_rpt-contain_sf

ABI

J_dom_sf

Papain-like_cys_pep_sf

FBD

FPF1

FAS1_dom_sf

SMR11/SMR16

C2_domain_sf

MutS_con_dom_sf

VAP

F-box-like_dom_sf

Histone-fold

Cytochrome_B561-rel

Cyclin-like_sf

UBQ-conjugating_enzyme/RWD

Znf_RING/FYVE/PHD

Tubulin/FtsZ_C_sf

Cyclophilin-like_dom_sf

WD40_repeat_dom_sf

MID_MedPIWI

Znf_CCCH_sf

WD40_repeat_dom_sf

Histone-fold

RFA2-like

Protein_kinase_ATP_BS

Rossmann-like_a/b/a_fold

F-box-like_dom_sf

TPR-contain_dom

Jas

MCM_lid

NAD(P)-bd_dom_sf

HMG_box_dom_sf

PI3/4_kinase_cat_sf

COR413

TPR-like_helical_dom_sf

J_dom_sf

CRAL-TRIO_dom_sf

Nucleoporin_Nup155_C_3

Ankyrin_rpt-contain_sf

SNF2-like_sf

ExoRNase_PH_dom2_sf
MCM_lid

Metalthion_15p

Preph_deHydtase_CS

Cyclin

PSII_Pbs27_sf

LRR_dom_sf

CHUP1-like

Bub1/Mad3

MCRS_N

Ald_DH_CS_GLU

Kinesin_motor_dom_sf

LRR_dom_sf

ProX/PRXD1

CENP-T/H4_C

TPR-like_helical_dom_sf

Rx_N

Ras_GTPase_bind_prot

Histone-fold

SAUR_fam

Btz_dom

MutS_con_dom_sf

No t2 /3 /5

FH2_Formin_sf

Glycoside_hydrolase_SF

Myb_dom

RBD_domain_sf

Znf_RanBP2_sf

Zf-FLZ_dom

ICln/Lot5

HORMA_dom_sf

E2F-DP_heterodim

RBD_domain_sf

AMP-dep_Synthh-like_sf

7-in-absentia-prot_TRAF-dom

Histone_H2A_CS

Reticulon

FANCI_S2

Condensin_barren_su2

WD40_repeat_dom_sf

RlmI_PUA-like

RmlC-like_jellyroll

Prot-tyrosine_phosphatase-like

FAD/NAD-bd_sf

F-box-like_dom_sf

DNA-bd_pseudobarrel_sf

Frigida

LRR_dom_sf

Protein_kinase_ATP_BS

Scorpion_toxin-like_sf

LOR_sf

T_SNARE_dom

WH-like_DNA-bd_sf

CAF1A

Histone_H2A_CS

DCTPP

NAB

WD40_repeat_dom_sf

DUF630

GROEL-like_equatorial_sf

Protein_kinase_ATP_BS

PPP2R3C

Symplekin/Pta1_N

ARM-type_fold

tRNA_met_Trm1_C

Peptidase_S1_PA_chymotrypsin

Histone_H2A_C

Nse4/EID

AB_hydrolase

WD40_repeat_dom_sf

Class_I_gatase-like

Kinesin_motor_dom_sf

GAT_sf

Mad3/Bub1_I

HDGF-rel_PWWP

RBD_domain_sf

ARM-type_fold

At4g38062-l ike

Homeobox-like_sf

SNF2-like_sf

Znf_RING/FYVE/PHD

PRMT5_C

CSTF2_C_sf

Papain-like_cys_pep_sf

HAD_2

Kinesin_motor_dom_sf

TDU_repeat

Kinesin_motor_dom_sf

Fatty_acid_hydroxylase

WH_DNA-bd_sf

Znf_RING/FYVE/PHD

HABP4/SERBP1

Znf-4CXXC_R1

LSm5

Kinesin_motor_dom_sf

FBD

Glyco_hydro_3_N_sf

TPX2_C

MCM_lid

FAD/NAD-bd_sf

Kinesin_motor_dom_sf

BSD_dom

Ala_tRNA_ligase_euk/bac

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

NPC2-like

Rad51_DMC1_RadA

WD40_repeat_dom_sf
Kinase-like_dom_sf

WD40_repeat_dom_sf

SMAD_FHA_dom_sf

CHL1/DDX11

Myb_dom

Rad21/Rec8-like

Histone-fold

AB_hydrolase

Mpv17_PMP22

Pre-SET_CXC

F-box-like_dom_sf

RBD_domain_sf

BAG5/6/7/8

F-box-like_dom_sf

WD40_repeat_dom_sf

Ribosomal_S28e_CS

Retrotrans_gag_dom

Ribosomal_S24e_CS

Histone-fold

Papain-like_cys_pep_sf

Kinesin_motor_dom_sf

RBD_domain_sf

Apc5

DNA_glycosylase

Papain-like_cys_pep_sf

BPM_C

LRR_dom_sf

Znf-CCCH_4

P-loop_NTPase

WD40_repeat_dom_sf

LRR_dom_sf

HAD-like_sf

ARM-type_fold

Whirly

BRCT_dom_sf

Web

FAD/NAD-bd_sf

Exp1_repeat_2

LRR_dom_sf

RecQ_Zn-bd

F-box-like_dom_sf

KH_dom_type_1_sf

Pre-SET_CXC

CDC45

Cdc24_OB3

MBD10/11

G_DYNAMIN_dom

Osmotin/thaumatin-like_sf

PInositol-4-P-5-kinase_N

MCM_lid

DUF1666

Znf_CCHC_sf

Branching_enzy

Histone_H2A_CS

Ankyrin_rpt-contain_sf

DUF1618

CCT_domain

TPR-like_helical_dom_sf

P-loop_NTPase

Aur

PWP2

Kinesin_motor_dom_sf

AminoTfrase-like_pln_mobile

IQ_motif_EF-hand-BS

Uncharacterised_XH

PPR_long

Ribosomal_S3_C_sf

Vta1/CALS_N

FAD/NAD-bd_sf

WD40_repeat_dom_sf

Nucleoporin_S59-like

WD40_repeat_dom_sf

Kinesin_motor_dom_sf

ARM-type_fold

Las1

AAA_lid_3

REPA_OB_2

WH-like_DNA-bd_sf

Polycomb_protein_VEFS-Box

PTAC12

WH_DNA-bd_sf

HATPase_C_sf

P-loop_NTPase

Sin3-like

CENP-T/H4_C

TRANK1

ARM-type_fold

AT_hook_DNA-bd_motif

LRR_dom_sf

GROEL-like_equatorial_sf

Rx_N

DUF3741-assoc

Cyclin-like_sf

MAM33_sf

tRNA_met_Trm1_C

Ub-E1_IAD_1

Thioredoxin-like_sf

UCP016988

TAT_signal

Tubulin/FtsZ_C_sf

ATPase_NBD

HIBYL-CoA-H

HLH_DNA-bd_sf

Nse4/EID

F-box-like_dom_sf

F-box-like_dom_sf

SKP1/BTB/POZ_sf

HS1-bd

WH_DNA-bd_sf

Thymidate_synth/dCMP_Mease_sf

ARM-type_fold

PAH_sf

Mt_carrier_dom_sf

SAP_dom_sf

AldOxase/xan_DH_Mopterin-bd_sf

DYW_dom

DUF4283

G_DYNAMIN_dom

CRIB_dom_sf

SCC2/Nipped-B

P-loop_NTPase

TIF_eIF4e-like

Saposin-like

AB_hydrolase

Nop_C

RBD_domain_sf

Rrm1

VIR_N

DNA2/NAM7-like_C

TPR_repeat

Importin_beta

Ribosomal_L27/L41_mit

Shugoshin_C

Cyclin

RNaseH_sf

WD40_repeat_dom_sf

Protein_kinase_ATP_BS

Palmitoyltrfase_DHHC

WH-like_DNA-bd_sf

TPR-like_helical_dom_sf

Histone-fold

WD40_repeat_dom_sf

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

RNaseH_sf

CENP-T/H4_C

TopoI_DNA-bd_euk_N_sf

SWAP

GCP_N

AAA_lid_10

5-3_exonuclease_C_sf

WD40_repeat_dom_sf

HMA_dom_sfRUVBL2_DII

SNF2-like_sf

WD40_repeat_dom_sf

Znf_RING/FYVE/PHD

ClpA/ClpB_AAA_lid

CRIB_dom_sf

X8

TruD_catalytic

TOG

Znf_RING/FYVE/PHD

Histone-fold

CENP-T/H4_C

P-loop_NTPase

MOM1

Coilin_N

Dev_and_cell_death_domain

F-box-like_dom_sf

DNA_pol_e_bsu_N

TOPRIM_DnaG/twinkle

GROEL-like_equatorial_sf

Condensin_barren_su2

DNA-bd_pseudobarrel_sf

Hect_E3_ubiquitin_ligase

WH_DNA-bd_sf

SAM-dependent_MTases

MAP65_Ase1_PRC1

Ubiquitin-like_domsf

WH-like_DNA-bd_sf

NAP-like_sf

TGT-like_sf

Anticodon_Met

Ipi1_N

FKS1-like_dom1

Cnd3_C

GAUT

P-loop_NTPase

DNA-bd_pseudobarrel_sf

THOC7/Mft1

L18e/L15P_sf

WD40_repeat_CS

SRA-YDG_sf

Znf_C2H2_sf

Protein_kinase_ATP_BS

J_dom_sf

Nucleoporin_S59-like

Rpb5-like

HSP20-like_chaperone

eIF3m_C_helix

Wound_ind

Histone_H2A_C

TPX2_central_dom

HLH_DNA-bd_sf

CENP-T/H4_C

ZN622/Rei1/Reh1_Znf-C2H2

CENP-T/H4_C

RBD_domain_sf

Subtilisin-like_FN3

AB_hydrolase

At4g38062-l ike

JASON

WAP

CHL1/DDX11

Remorin_C

RBD_domain_sf

GINS_bundle-like_dom_sf

RNA_pol_Rpb1_3_sf

NAA40

Cyclin

NAP-like_sf

TRHO_N

DUF1668_ORYSA

Nucellin

KH_dom_type_1_sf

RNaseH_sf

PPR_long

Znf_NHR/GATA

Metal_Hydrolase

RNA_pol-assoc_fac_A49-like

Znf_PHD-finger

Ribokinase-like

Cyclin

ARM-type_fold

TPR_repeat

Histone_H2A_C

MAM33_sf

Palmitoyltrfase_DHHC

BT1

TPR-like_helical_dom_sf
Protein_kinase_ATP_BS

Histone_H2A_CS

CHUP1-like

Btz_dom

BRCT_dom_sf

DNA-bd_pseudobarrel_sf

EME1/EME2_C

Kinesin_motor_dom_sf

Ebp2

DUF4378

KH_dom_type_1_sf

Dbr1_N

TPX2_central_dom

SMC3_ABC_euk

Sugar_P_trans_dom

APC1_C

FAD-bd_PCMH-like_sf

Histone-fold

Sugar_P_trans_dom

Importin_beta

Lectin_gal-bd_sf

IF_2B-like_C

Ribosomal_S23/S29_mit

DNA-bd_pseudobarrel_sf

SMC4_ABC_euk

Ribosomal_L13_sf

Papain-like_cys_pep_sf

HABP4/SERBP1

Ndc80_sf

ARM-type_fold

J_dom_sf

FAS1_dom_sf

Zf-FLZ_dom

F-box-like_dom_sf

Alfin

Ribosomal_L39e_dom_sf

TPR-like_helical_dom_sf

ARM-type_fold

CuRO_1_LCC

UBQ-conjugating_AS

Histone-fold

MCM_lid

HLH_DNA-bd_sf

RBD_domain_sf

Cyt_P450_sf

Znf_CCCH

XS_domain_sf

RPL19

Clp_N_dom_sf

Dev_and_cell_death_domain

TAF1A-like

UPS_plant

TF_GRAS

NAD(P)-bd_dom_sf

SPX_dom

TPR-like_helical_dom_sf

NSP1/NUP62

Cyt_P450_sf

RLI_dom_1

DNA_primase_ssu_euk/arc

LRR_dom_sf

WD40_repeat_dom_sf

Peptidase_C1A_papain-like

MORF/ORRM1/DAG-like

LRR_dom_sf

Snf7_fam

PheRS_beta_core

LRR_dom_sf

Frigida

ARID_dom_sf

HMG_box_dom_sf

F-box-like_dom_sf

Znf_RING/FYVE/PHD

At1g76660-l ike

Arg_succ_lyase_C

CuRO_3_LCC

Kinase-like_dom_sf

Histone-fold

Osmotin/thaumatin-like_sf

EDR4-like

Transketolase_C

Histone-fold

E2F-DP_heterodim

Nop14

Kinesin_motor_dom_sf

MutS_con_dom_sf

Cyclin

TPR-like_helical_dom_sf

CENP-T/H4_C

F-box-like_dom_sf

NOP9

Histone-fold

Mad3/Bub1_I

Glyco_trans_48

TPR_repeat

LRR_dom_sf

RBD_domain_sf

Ankyrin_rpt-contain_sf

AB_hydrolase

DUF4110

WD40_repeat_dom_sf

RNaseH-like_sf

SNF2-like_sf

Pds5

Dihydro-acid_dehy_C

SCC2/Nipped-B

LRR_dom_sf

Histone-fold

RPA43_OB

Histone-fold

DNA/RNA_pol_sf

PPM-type_dom_sf

Myb_dom

Puta_zinc/iron-chelating_dom

HABP4/SERBP1

Histone-fold

CRIB_dom_sf

SCD2-like

Mlo

Frigida

BRCT_dom_sf

Coilin_N

Prot-tyrosine_phosphatase-like

Cyt_P450_sf

UBQ-conjugating_enzyme/RWD

Protodermal_1

Importin_beta

Gyrase/topoIV_suA_C

HSP90_C

CDCA7/CDA7L

AAA_lid_10

P-loop_NTPase

Brix

Kelch-typ_b-propeller

RBD_domain_sf

HATPase_C_sf

WD40_repeat_dom_sf

ZCCHC10

WD40_repeat_dom_sf

LIN37

TBL

MBP2C

Porphobilinogen_deaminase_C_sf

PPM-type_dom_sf

LRR_dom_sf

At5g14285-l ike

Porin_dom_sf

AB_hydrolase

MAP70

SAM-dependent_MTases

WH_DNA-bd_sf

Osmotin/thaumatin-like_sf

Ald_DH_C

WH_DNA-bd_sf

MeTrfase_TrmA_CS

FucosylTrfase_pln

Cyclin

LRR_dom_sf

CBS_dom

Kinesin_motor_dom_sf

LRR_dom_sf

RPN2_C

SMAD_FHA_dom_sf

PInositol-4-P-5-kinase_N

CENP-T/H4_C

DNA/RNA_pol_sf

WH_DNA-bd_sf

WH-like_DNA-bd_sf

SRP54_N_sf

P-loop_NTPase

Homeobox-like_sf

Nucleoporin_int_Nup93/Nic96

AtJ6-like

Ribosomal_S1/3_euk

APC1_C

DNA_pol_lamdba_lyase_dom_sf

Rx_N

WGR_dom_sf

Histone-fold

WH_DNA-bd_sf

CENP-T/H4_C

Histone-fold

TPR-like_helical_dom_sf

AAA_16

HisRS-like_core

XTH

PLC-like_Pdiesterase_TIM-brl

GBBH-like_N_sf

Znf_C3HC-like

HIT4

Pyrv_Kinase-like_dom_sf

F-box-like_dom_sf

ORC_WH_C
Znf_CCCH_sf

G_CP_dom

RBD_domain_sf

FH2_Formin_sf

Remorin_C

NAC_dom_sf

J_dom_sf

RBD_domain_sf

FANCM/Mph1-like

RuvB-like_C

CHUP1-like

NPH3/RPT2-like

UDP-sugar_pyrophosphorylase

YTH_domain

TRAF-like

M3A_MIP

Rad21/Rec8-like

AUX/IAA_dom

P-loop_NTPase

Prot_kin_Mps1_fam

J_dom_sf

cNMP-bd-like

CENP-T/H4_C

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

Histone_H2A_CS

Histone-fold

CENP-T/H4_C

Protein_kinase_ATP_BS

SNF2-like_sf

Kinesin_motor_dom_sf

Ub-E1_IAD_1

Znf_RING/FYVE/PHD

Glycoside_hydrolase_SF

Rossmann-like_a/b/a_fold

HMG_box_dom_sf

Protein_kinase_ATP_BS

Histone-fold

CENP-T/H4_C

WD40_repeat_dom_sf

RBD_domain_sf

Haem_Oase-like_multi-hlx

Kinesin_motor_dom_sf

FAS_N

vWFA_dom_sf

Sugar_P_trans_dom

SAM-dependent_MTases

DUF3741-assoc

F-box-like_dom_sf

SGNH_hydro_sf

TamB

WD40_repeat_dom_sf

Ras_GTPase_bind_prot

MAGE_WH2

Scarecrow-like_28

TRAF-like

Dolichyldiphosphatase_PAP2

HIT4

RBD_domain_sf

MIP1_Leuzipper

WD40_repeat_dom_sf

Histone-fold

Kinase-like_dom_sf

Alba-like_dom_sf

F-box-like_dom_sf

Creatinase/aminopeptidase-like

Donson

TPR-like_helical_dom_sf

Histone_H2A_CS

WD40_repeat_dom_sf

VAP

ALG12

SWIB_MDM2_dom_sf

Choline_transptr-like

GROEL-like_equatorial_sf

Ald_DH_C

Histone-fold

HATPase_C_sf

Rho_N_sf

HLH_DNA-bd_sf

WD40/YVTN_repeat-like_dom_sf

ARM-type_fold

Whirly

Histone-fold

Histone-fold

cNMP-bd-like

MyosinXI_CBD

KELP

EPHD

F-box-like_dom_sf

CRIB_dom_sf

CENP-T/H4_C

RUVBL2_DII

Msp1

CENP-T/H4_C
SKP1/BTB/POZ_sf

snRNP-assoc_SmB/SmN

Histone-fold

WH_DNA-bd_sf

Rrm1

Hat1_N_sf

AS_sf

CAND1/CAND2

PADR1_dom_sf

TPR_repeat

Pds5

KH_dom_type_1_sf

Remorin_C

DNA_ligase_N_sf

TPR-like_helical_dom_sf

Nop52

Znf_RING/FYVE/PHD

Symplekin/Pta1_N

AAA_lid_3

Papain-like_cys_pep_sf

Histone_H2A_CS

Kinesin_motor_dom_sf

WH_DNA-bd_sf

SANT/Myb

MTERF_sf

FAM214/SPAC3H8.04_C

LRR_dom_sf

Interferon-induced_GILT

MCM_lid

LRR_dom_sf

J_dom_sf

NAD(P)-bd_dom_sf

WD40_repeat_dom_sf

HSP20-like_chaperone

Spt16

DNA-bd_pseudobarrel_sf

NAD(P)-bd_dom_sf

CRWN

Deoxycytidylate_deaminase_dom

Timeless_N

DNA-bd_pseudobarrel_sf

Ribokinase-like

AT_hook_DNA-bd_motif

Ribosomal_L14_sf

Histone-fold

SAM_MeTfrase_DRM

SWIB_MDM2_dom_sf

Endo/exonu/phosph_ase_sf

HLH_DNA-bd_sf

Cdc5p/Cef1

Protein_kinase_ATP_BS

MID_MedPIWI

WW_dom_sf

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

HIBYL-CoA-H

Agenet_dom_plant

EME1/EME2_C

TPR-like_helical_dom_sf

Saposin-like

TPR-like_helical_dom_sf

Protein_kinase_ATP_BS

NAB

Znf_PARP_sf

Scorpion_toxin-like_sf

P-loop_NTPase

MutS_con_dom_sf

TRAF-like

ARID_dom_sf

ELYS_dom

DUF502

Znf_C2H2_sf

Histone-fold

Mms4/EME1/EME2

WD40_repeat_dom_sf

MnmG_N

Histone-fold

Thioredoxin-like_sf

RNaseH_sf

USP7_ICP0-binding_dom

Ankyrin_rpt-contain_sf

Clp_N_dom_sf

WH_DNA-bd_sf

WRKY_dom_sf

TPR-like_helical_dom_sf

BAH_sf

Peptidase_S1_PA

Enolase-like_C_sf

Protein_kinase_ATP_BS

F-box-like_dom_sf

Myb_dom

Hat1_N_sf

Nup133-l ike

Histone_H2A_CS

P-loop_NTPase

Protein_kinase_ATP_BS

SHOC1-like

AHL15-29

RST

WH_DNA-bd_sf

GROEL-like_equatorial_sf

Cyt_P450_sf

DNA/RNA_pol_sf

7-in-absentia-prot_TRAF-dom

DUF1618

Histone-fold

Histone-fold

ATPase_NBD

Kinesin_motor_dom_sf

F-box-like_dom_sf

ELYS_dom

Mlo

SWIB_MDM2_dom_sf

ExoRNase_PH_dom2_sf

MeTrfase_capping

PALE_CRESS

L30e-like

WGR_dom_sf

P-loop_NTPase

WD40_repeat_dom_sf

LRR_dom_sf

AUX/IAA_dom

Rx_N

Kinase-like_dom_sf

P-loop_NTPase

NAB

Papain-like_cys_pep_sf

Xant/urac/vitC

DNA2/NAM7-like_C

Znf_CCHC_sf

RNaseH_sf

G_CP_dom

RNA_pol_Rpb2_2_sf

Histone-fold

SRA-YDG_sf

WRC_dom

WH_DNA-bd_sf

Protein_kinase_ATP_BS

AUX/IAA_dom

ARM-type_fold

Protein_kinase_ATP_BS

LRR_dom_sf

RBD_domain_sf

YTH_domain

DUF1618

Sm_D1

LRR_dom_sf

UBP13_Znf-UBP_var

WD40_repeat_dom_sf

FNR_nucleotide-bd

BRCT_dom_sf

MAM33_sf

Sugar_P_trans_dom

Histone-fold

WH_DNA-bd_sf

P-loop_NTPase

Ser_caboxypep_his_AS

Cystatin

Histone-fold

CENP-T/H4_C

FKS1-like_dom1

PWWP_dom

snRNA-activating_su3

TPR-like_helical_dom_sf

Histone-fold

Donson

NaCa_Exmemb

Sm_F

Myb-like_dom

Histone-fold

SBP_sf

Cyclin

RBD_domain_sf

Isy1_sf

Rx_N

Kinesin_motor_dom_sf

TPX2_central_dom

PH-like_dom_sf

vWFA_dom_sf

P-loop_NTPase

Ncaph2

DUF630

RBD_domain_sf

L36e_sf

Histone-fold

Histone_H2A_CS

TRCF-like_C

CENP-T/H4_C

WH_DNA-bd_sf

WH_DNA-bd_sf

BRCT_dom_sf

GINS_bundle-like_dom_sf

Aur

RBD_domain_sf

IsoPropMal-DH-like_dom

Ubiquitin-activating_enz

Znf_RanBP2_sf

WD40_repeat_dom_sf

ATPase_NBD

Aquaporin_transptr

RBD_domain_sf

Histone-fold

Kinesin_motor_dom_sf

CASP_dom

HMG_box_dom_sf

Enolase-like_C_sf

Cupin_8

ClpA/ClpB_AAA_lid

MCM_lid

NDX

CTNNBL1

PFN_sf

TEX10/Ipi1

HRD

ARM-type_fold

NT_sf

C-N_Hydrolase_sf

aa-tRNA-synth_II

ARM-type_fold

CENP-T/H4_C

Glyco_hydro_1_N_CS

S1_dom

BLT-like

RBD_domain_sf

SRA-YDG_sf

WW_dom_sf

Rfa2

LRR_dom_sf

Importin_beta

P-loop_NTPase

P-loop_NTPase

Papain-like_cys_pep_sf

WD40_repeat_dom_sf

P-loop_NTPase

Histone-fold

AB_hydrolase

P-loop_NTPase

WD40_repeat_dom_sf

GEBP

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

PI3/4_kinase_cat_sf
WD40_repeat_dom_sf

WPP_sf

Histone-fold

P-loop_NTPase

F-box-like_dom_sf

Znf_C2H2_type

CENP-T/H4_C

P-loop_NTPase

TD_ACT-like_sf

Ribosomal_S5_D2-typ_fold

Urb2/Npa2_C

Trigger_fac_ribosome-bd_sf

GGT_lsub_C

Histone-fold

SF3b_su1-like

SF3A3

RBD_domain_sf

AB_hydrolase

SANTA

RCC1/BLIP-II

IPNS-like

Histone-fold

GHD

G_ENGB_dom

F-box-like_dom_sf

Znf_PHD-finger

Histone-fold

P-loop_NTPase

BRX_N

TBL

Lectin_gal-bd_sf

Ribosomal_L7A/L8_sf

DUF2062

CENP-T/H4_C

MFS_trans_sf

Tubulin/FtsZ_GTPase_sf

MCM_complex-bd

SKP1-like_dim_sf

NAT12

Histone-fold

Nop52

TPR_repeat

Web

Kinesin_motor_dom_sf

CENP-T/H4_C

THO_THOC1

Pre-SET_CXC

P-loop_NTPase

LRR_dom_sf

Protein_kinase_ATP_BS

SAP_dom

Alpha/beta_knot_MTases

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

CRWN

MTERF_sf

NA-bd_OB-fold

Aur

NA-bd_OB-fold

ClpP/crotonase-like_dom_sf

AUX/IAA_dom

J_dom_sf

Histone_H2A_CS

Ankyrin_rpt-contain_sf

RBD_domain_sf

AN1-like_Znf

ASY3-like

PCI_dom

Nop_C

Cyclin

Ribosomal_L7A/L8_sf

CENP-T/H4_C

GRF

RNaseH_sf

SAM-dependent_MTases

TF_TCP_subgr

cNMP-bd-like

Dev_and_cell_death_domain

LRR_dom_sf

AP2/ERF_dom_sf

ARD_euk

ATX1/2_PHD

RNA_pol_III_Rpc5

CENP-T/H4_C

RibonucZ/Hydroxyglut_hydro

CENP-T/H4_C

Aldolase_TIM

NAD(P)-bd_dom_sf

CENP-T/H4_C

XS_domain_sf

LRR_dom_sf

G_ENGB_dom

LRR_dom_sf

Protein_kinase_ATP_BS

Kinesin_motor_dom_sf

AAA_lid_10

Histone-fold

Znf_RanBP2_sf

TPR-like_helical_dom_sf

Frigida

RNaseH_sf

WD40_repeat_dom_sf

F-box-like_dom_sf

RBD_domain_sf

HMA_dom_sf

TPR-like_helical_dom_sf

WH_DNA-bd_sf

MCM_lid

WD40_repeat_dom_sf

Znf_PHD-finger

Yippee_fam

RBD_domain_sf

DNA-bd_pseudobarrel_sf

Treslin_N

CENP-T/H4_C

SNF2-like_sf

RFA2-like

SNI1

GCP_N

Alfin

CAF1A

FAD/NAD-bd_sf

MTERF_sf

FH2_Formin_sf

7-in-absentia-prot_TRAF-dom

DNA_primase_lsu_euk

WD40_repeat_dom_sf

PLP-binding_barrel

CHUP1-like

AN1-like_Znf

F-box-like_dom_sf

EXO1_H3TH

Mot2

HAD-like_sf

Ubiquitin-like_domsf

LRR_dom_sf

WD40_repeat_dom_sf

vWFA_dom_sf

DNA-bd_pseudobarrel_sf

J_dom_sf

WD40_repeat_dom_sf

ICR

WIYLD_dom_sf

Kinesin_motor_dom_sf

DUF295

WH_DNA-bd_sf

P-loop_NTPase

GCFC_dom

UBQ-conj_enz_E2-bd_prot

MTERF_sf

CENP-T/H4_C

LRR_dom_sf

DAGAT

UBP13_Znf-UBP_var

SMC_hinge_sf

MPP_PAP

WD40_repeat_dom_sf

PyrdxlP-dep_Trfase

SNO_AAA

TPR_repeat

CDC50/LEM3_fam

TPR-like_helical_dom_sf

AUX/IAA_dom

Myb-like_dom

IF_rod_dom_coil1B

BAH_sf

QWRF

P-loop_NTPase

SPARK

BRCT_dom_sf

T_SNARE_dom

TopoI_DNA-bd_euk_N_sf

DUF1668_ORYSA

P-loop_NTPase

WD40_repeat_dom_sf

P-loop_NTPase

ATAD3

Toll_tir_struct_dom_sf

5-3_exonuclease_C_sf

G_ERA_dom

P-loop_NTPase

ARM-type_fold

BRCT_dom_sf

WD40_repeat_dom_sf

WHIM1_dom

Protein_kinase_ATP_BS

RBD_domain_sf

EPHD

Znf_CCCH_sf

Kinesin_motor_dom_sf

Methyltr_RsmF_N

CENP-T/H4_C

DA1-like

SAM-dependent_MTases

RBD_domain_sf

Cyt_B5-like_heme/steroid_sf

Papain-like_cys_pep_sf

Znf_PHD-finger

Cdc5p/Cef1

Kinesin_motor_dom_sf

TopoI_DNA-bd_euk_N_sf

TBL

TBRG1

DUF3456

Histone-fold

Znf_C2H2_sf

C2_domain_sf

Lectin_gal-bd_sf

GINS_Psf3_sf

HLH_DNA-bd_sf

RNA_pol_Rpb1_3_sf

MIP1_Leuzipper

F-box-like_dom_sf

LRR_dom_sf

Kelch-typ_b-propeller

P-loop_NTPase

Znf_FYVE-rel

Treslin_N

Pds5

Cyclin-like_sf

EIF3A

AB_hydrolase

J_dom_sf

GROEL-like_equatorial_sf

AAA_lid_3

P-loop_NTPase

LRR_dom_sf

DUF1668_ORYSA

CENP-T/H4_C

Protein_kinase_ATP_BS

P-loop_NTPase

Papain-like_cys_pep_sf

TruB_C

Rx_N

P-loop_NTPase

MCM_lid

ExoRNase_PH_dom2_sf

P-loop_NTPase

ChlI/MoxR_AAA_lid

Vid27

RNApol_insert_sf

NA-bd_OB-fold

SRA-YDG_sf

Web

SNF2-like_sf

MFS_trans_sf

Histone_H2A_CS

EME1/EME2_C

WH_DNA-bd_sf

WD40_repeat_dom_sf

Myb_dom

WD40_repeat_dom_sf

Histone_H2A_CS

DUF597

Nop_C

DNA_primase_lsu_euk

WH_DNA-bd_sf

Papain-like_cys_pep_sf

U5-116kDa_C

Cyclin

Ribosomal_L4_dom_sf

J_dom_sf

PADR1_dom_sf

Znf_RanBP2_sf

RNA_pol_Rpb1_3_sf

Znf_CCCH_sf

BRCT_dom_sf

Homeobox-like_sf

P-loop_NTPase

GLE1-like_sf

Znf_LIM

UBL3-like

SWIB_MDM2_dom_sf

AP2/ERF_dom_sf

Cullin_homology_sf

Nup84/Nup107

DUF1421

RBD_domain_sf

CENP-T/H4_C

Transl_init_fac_IF2/IF5_Zn-bd

Myb_dom

DUF3615

Znf_RING_CS

FH2_Formin_sf

Tesmin/TSO1-like_CXC

AA_transpt_TM

GROEL-like_equatorial_sf

RBD_domain_sf

Methyltransf_25

Cytochrome_B561-rel

Ferritin-like_SF

Rossmann-like_a/b/a_fold

HMG_box_dom_sf

Pumilio_RNA-bd

TPR-like_helical_dom_sf

J_dom_sf

NAD(P)-bd_dom_sf

CSN8_PSD8_EIF3K

SNF2-like_sf

BRCA2_hlx_sf

Kinesin_motor_dom_sf

Thiolase_C

AAA_lid_3

ARM-type_fold

Lectin_gal-bd_sf

D15-l ike

N-reg_PII_CS

Glycoside_hydrolase_SF

Methyltransf_FA

Rrm1

ClpA/ClpB_AAA_lid

DNA/RNA_pol_sf

F-box-like_dom_sf

SNF2-like_sf

DYW_dom

NUP88/NUP82

SSRP1_sf

Rpb5-like

Nup54_alpha-helical_dom

Rad50/SbcC_AAA

F-box-like_dom_sf

WRC_dom

SRA-YDG_sf

HMG_box_dom_sf

RNA_MTrfase_RlmN

SAM-dependent_MTases

Ribokinase-like

IPNS-like

EF_Hand_1_Ca_BS

BAH_sf

D15-l ike AUX/IAA_dom

BRX1

CDCA7/CDA7L

RibonucZ/Hydroxyglut_hydro

SRA-YDG_sf

Telomerase_RBD

PORR_domain

CENP-T/H4_C

Symplekin/Pta1_N

PyrdxlP-dep_Trfase

Ankyrin_rpt-contain_sf

TPX2_central_dom

CENP-T/H4_C

CENP-T/H4_C

RNaseH_sf

JASON

Tensin_phosphatase

7-in-absentia-prot_TRAF-dom

BRCT_dom_sf

GROEL-like_equatorial_sf

Pyrv_Kinase-like_dom_sf
P-loop_NTPase

Mad1

GROEL-like_equatorial_sf

Znf_RanBP2_sf

AS_sf

CRIB_dom_sf

Histone_H2A_CS

WH_DNA-bd_sf

TGA_domain

Subtilisin-like_FN3

RBD_domain_sf

P-loop_NTPase

Mur_ligase_C_dom_sf

BAH_sf

LIM-bd/SEUSS

CSN8_PSD8_EIF3K

Band_7/SPFH_dom_sf

F-box-like_dom_sf

F-box-like_dom_sf

RBBP5/Swd1

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

PyrdxlP-dep_Trfase

Fan1-like

SKP1-like_dim_sf

DUF630

CENP-T/H4_C

LRR_dom_sf

RBD_domain_sf

CENP-T/H4_C

Glutathione-S-Trfase_C_sf

Rpn6_C_helix

Thioredoxin-like_sf

Dev_and_cell_death_domain

Thioredoxin-like_sf

CENP-T/H4_C

Znf_RanBP2_sf

P-loop_NTPase

WD40_repeat_dom_sf

DUF3741-assoc

CND3

Pyridoxal_P_attach_site

Znf_CCHC_sf

Ser_caboxypep_his_AS

GROEL-like_equatorial_sf

OCRE

AB_hydrolase

P-loop_NTPase

DUF4094

RBD_domain_sf

Gln_synt_N

Histone-fold

Sec7_dom_sf

Cyclin/Ssn8

Kinesin_motor_dom_sf

Znf_RING/FYVE/PHD

MutS_con_dom_sf

ZPR1_Znf1/2

GrpE_coiled_coil

Pr_cel_nuc_antig_CS

WH_DNA-bd_sf

7-in-absentia-prot_TRAF-dom

Ras_GTPase_bind_prot

WGR_dom_sf

Fe-S-bd_prot_LdpA_C

Peptidase_S54_rhomboid_dom

SEPARIN_core_dom

Rrm1

TPR-like_helical_dom_sf

QWRF

RPB6/omega-like_sf

Pr_cel_nuc_antig_CS

Sugar_P_trans_dom

SSU_processome_Utp11

ALAD_AS

SMC4_ABC_euk

P-loop_NTPase

NA-bd_OB-fold

RNA_pol_Rpb1_3_sf

CNNM

DUF1666

Kinesin_motor_dom_sf

WH-like_DNA-bd_sf

WH_DNA-bd_sf

CAF1A

CENP-T/H4_C

SCAI
CENP-T/H4_C

CDI

Histone-fold

RNA_pol_Rpb2_2_sf

WD40_repeat_dom_sf

Kinesin_motor_dom_sf

DUF3527

J_dom_sf

XPO5

Histone_H2A_CS

AAA_lid_3

Cleav_polyA_spec_factor_su5

PIG-B/GPI10

Histone_H2A_CS

RNApol_insert_sf

MyosinXI_CBD

ABT1/Esf2

SHOC1-like

ATPase_NBD

Condensin2_G2

Alfin

MFS_trans_sf

Importin_beta

Peptidase_C65_otubain_sub2

Dis3_CSD2

SNF2-like_sf

Kinesin_motor_dom_sf

Ribokinase-like

EXOC6/Sec15_C_dom1

GROEL-like_equatorial_sf

UPF_Ycf55

TPR-like_helical_dom_sf

Nucleoporin_Nup155_C_3

FucosylTrfase_pln

CHUP1-like

ARM-type_fold

AUX/IAA_dom

Histone-fold

Diacylglyc_glucosyltr_N

Neprosin_propep

Kinesin_motor_dom_sf

MORF/ORRM1/DAG-like

Remorin_C

WD40_repeat_dom_sf

BEACH_dom_sf

BRCT_dom_sf

Met_Sox_Rdtase

Mre11_N

RNA_pol_Rpb1_3_sf

Agenet_dom_plant

TPR-like_helical_dom_sf

DUF5600

HMA_dom_sf

R3H_AAA

Gyrase/topoIV_suA_C

SAP_dom_sf

Znf_SWIM

Ovate

RNA-dep_RNA_pol_euk-typ

DYW_dom

Histone-fold

DNA_pol_alpha_bsu

At5g01610-l ike

SUVR5_Znf-C2H2_3rpt

Myb_CC_LHEQLE

CENP-T/H4_C

Kinesin_motor_dom_sf

DNA/RNA_pol_sf

PEPTIDASE_A1

ABC1_TM_sf

Mt_carrier_dom_sf

Znf_C2H2_sf

HAD-like_sf

LRR_dom_sf

P-loop_NTPase

Rpn13/ADRM1_sf

Znf_RING/FYVE/PHD

CNDH2_C

DUF3769

AB_hydrolase

Quinoprotein_ADH-like_supfam

SMC_hinge_sf

NAT10

NA-bd_OB-fold

Leo1

JASON

UBP13_Znf-UBP_var

Zinc_finger_PHD-type_CS

RNaseH_sf

RBD_domain_sf

GSTT1/2/3

Dis3_CSD2

J_dom_sf

Tesmin/TSO1-like_CXC

Cyclophilin-like_dom_sf

Ser_caboxypep_his_AS

AP2/ERF_dom_sf

P-loop_NTPase

XPC-bd_sf

DUF936_pln
SMC_hinge_sf

CENP-T/H4_C

HAD-like_sf

TIF2_asu_C

CCR4-NOT_su2/3/5_N_sf

Kinesin_motor_dom_sf

UvrD/AddA_N

Rho_GTPase_activation_prot

WD40_repeat_dom_sf

2Fe-2S_ferredoxin-like_sf

Ribosomal_S21e_sf

Pumilio_RNA-bd

VIP1_N

Osmotin/thaumatin-like_sf

Cyclin

His_deacetylse_dom_sf

IPNS-like

DHFR-like_dom_sf

RBD_domain_sf

S4_RNA-bd_sf

Haem_oxidase_HugZ-like_sf

WD40_repeat_dom_sf

Metal_Hydrolase

P-loop_NTPase

Subtilisin-like_FN3

Kinesin_motor_dom_sf

HMG_box_dom_sf

SKP1-like_dim_sf

DNA/RNA_pol_sf

Pectin_lyas_fold

DUF1618

PABP-dom

RBD_domain_sf

P-loop_NTPase

Glyco_hydro_63N_sf

TPR-like_helical_dom_sf

Rho_N_sf

Exp1_repeat_2

BRCT_dom_sf

M/V/L/I-tRNA-synth_anticd-bd

P-loop_NTPase

PolD2_C

Sec3_C

Histone-fold

WRKY_dom_sf

WD40_repeat_dom_sf

F-box-like_dom_sf

Aldolase_TIM

WD40_repeat_dom_sf

Metallo-depent_PP-like

Bromodomain-like_sf

Osmotin/thaumatin-like_sf

UFC

His_deacetylse_dom_sf

Glycoside_hydrolase_SF

MTERF_sf

MAU2

Plus3-like_sf

BKI1/MAKR1/3/4

Porin_dom_sf

DEK_C

Ntn_hydrolases_N

PUS1/PUS2-like

IF_rod_dom_coil1B

CSN3

TPR-like_helical_dom_sf

Peptidase_S1_PA

CENP-T/H4_C

Histone-fold

Exp1_repeat_2

Calcineurin-like_PHP_ApaH

DNA/RNA_pol_sf

COBRA_pln

MIP1_Leuzipper

MCM_lid

P-loop_NTPase

Importin_beta

MCM_lid

Rx_N

AB_hydrolase

AT_hook_DNA-bd_motif

WW_dom_sf

CHUP1-like

NAD(P)-bd_dom_sf

HMA_dom_sf

Kinesin_motor_dom_sf

ATAD3

P-loop_NTPase

WRKY_dom_sf

DUF842_euk

YqaJ_viral_recombinase

Porphobilinogen_deaminase_C_sf

RlpA-like_sf

GROEL-like_equatorial_sf

Homeobox-like_sf

LRR_dom_sf

CDC50/LEM3_fam

AS_sf

Cyclin

AUX/IAA_dom

AUX/IAA_dom

ARM-type_fold

Haem_Oase-like_multi-hlx

Spt6_death-like

ICR

PWWP_dom

ARM-type_fold

Cyclophilin-like_dom_sf

WD40_repeat_dom_sf

WH-like_DNA-bd_sf

PNPase_PH_RNA-bd_sf

LRR_dom_sf

Bifun_inhib/LTP/seed_sf

PWI_dom_sf

Cyclin

WD40_repeat_dom_sf

Histone-fold

UCH_C

Ub-E1_IAD_1

Histone-fold

tRNA-synt_1_cat_dom

SDH_C

Myb-like_dom

Znf_C2H2_sf

bZIP

Chaperonin_GroES_sf

RBD_domain_sf

Shikimate/glucono_kinase

DUF597

EF_Hand_1_Ca_BS

TMEM14

Kinase-like_dom_sf

AUX/IAA_dom

Kinesin_motor_dom_sf

Znf_C3HC-like

WD40_repeat_dom_sf

DYW_dom

Znf_CCCH_sf

AB_hydrolase

MutS_con_dom_sf

BLT-like

BAH_sf

Hect_E3_ubiquitin_ligase

Sec1-like_sf

AtJ6-like

Kinesin_motor_dom_sf

Anticodon_Met

SAM-dependent_MTases

LexA/Signal_pep-like_sf

ARID_dom_sf

Znf_C2H2_sf

Rossmann-like_a/b/a_fold

Histone-fold

Nucleoporin_Nup155_C_3

Ald_DH_CS_GLU

Clathrin_AP_dom2

BAH_sf

Histone-fold

AAA_lid_3

MRPL40

Toll_tir_struct_dom_sf

Condensin2_G2

PPR_long

DUF3741-assoc

WH-like_DNA-bd_sf

GIP1

REX4_DEDDh_dom

WH_DNA-bd_sf

TPR-like_helical_dom_sf

RBD_domain_sf

PORR_domain

Cyclophilin-like_dom_sf

WD40_repeat_dom_sf

XRI1

LRR_dom_sf

Znf_NHR/GATA

Noc2

Mediator_Med17

Znf_RING_CS

LRR_dom_sf

ARID_dom_sf

Glutathione-S-Trfase_C_sf

DUF3730

RBD_domain_sf

HCO3_transpt_C

BLT-like

Myb_dom

Clp_N_dom_sf

Histone-fold

Nup186/Nup192/Nup205

P-loop_NTPase

Frigida

TPR_repeat

RBD_domain_sf

DYW_dom

RCC1/BLIP-II

Mcm10

RBD_domain_sf

BRCT_dom_sf

TBL

PInositol-4-P-5-kinase_N

DYW_dom

7-in-absentia-prot_TRAF-dom

RBD_domain_sf

X8

OGT/SEC/SPY_C

LRR_dom_sf

CSTF2_C_sf

Haem_oxidase_HugZ-like_sf

Histone-fold

GluRdtase_dimer_dom_sf

CENP-T/H4_C

SNF2-like_sf

DUF1668_ORYSA

RST

Protein_kinase_ATP_BS

WD40_repeat_dom_sf

RibonucZ/Hydroxyglut_hydro

Ribosomal_S5_D2-typ_fold

HTH_base_excis_C

Kinase-like_dom_sf

CDP-OH_PTrfase_TM_dom

Histone-fold

P-loop_NTPase

TPR-like_helical_dom_sf

Rx_N

WH-like_DNA-bd_sf

BKI1/MAKR1/3/4

Bulb-type_lectin_dom_sf

Cnd1_C

WD40_repeat_dom_sf

Kinesin_motor_dom_sf

RPA43_OB

Naf1

ICR

CuRO_3_LCC

RlpA-like_sf

GROEL-like_equatorial_sf

WD40_repeat_dom_sf

TPR-like_helical_dom_sf

SAP_dom_sf

BUD31/G10-rel_CS

Rrm1

Sm_D2

L24e/L24_sf

WH_DNA-bd_sf
SMG1_PIKKc

OPT

Znf_CCHC_sf

Secretory_peroxidase

NA-bd_OB-fold

PDCD2_C

Polycomb_protein_VEFS-Box

AB_hydrolase

BRCT_dom_sf

Histone_H2A_CS

DUF3527

NAC_dom_sf

BAH_sf

Secretory_peroxidase

Cohesin_Scc3/SA

WD40/YVTN_repeat-like_dom_sf

Znf_C3HC4_RING-type

Na+/solute_symporter_sf

DUF2232

Mpp10

Glycoside_hydrolase_SF

SNF2-like_sf

SAM-dependent_MTases

P-loop_NTPase

DAMP1_SANT-like

RBD_domain_sf

PGG_dom

Trypto_synt_PLP_dependent

AA_transpt_TM

CHL1/DDX11

Kinesin_motor_dom_sf

F-box-like_dom_sf

WH-like_DNA-bd_sf

GROEL-like_equatorial_sf

Papain-like_cys_pep_sf

F-box-like_dom_sf

BRCT_dom_sf

DUF4057

AAA_lid_3

TPR-like_helical_dom_sf

MOCS2A

START-like_dom_sf

NAD(P)-bd_dom_sf

HMA_dom_sf

ARM-type_fold

Lsm14-like_N

LRR_dom_sf

Na+/solute_symporter_sf

GINS_Psf3_sf

VPS28_N_sf

Peptidase_M28

GROEL-like_equatorial_sf

EST1

ENT_dom-like_sf

CENP-T/H4_C

Pr_cel_nuc_antig_CS

ALOG_dom
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Figure 4.15. Revigo analysis of GO terms from RNA processing cluster. GO terms 
coloured as found in the green ‘DNA conformational change’ cluster of Figure 4.12 plotted in 
semantic space based on GO term similarity with the term size represented on the right of the 
plot. 
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DUF630

5-3_exonuclease_C_sf

Csc1_N

TOPRIM_DnaG/twinkle

Ub-E1_IAD_1

Bin3-like

OGT/SEC/SPY_C

Ski3/TTC37

Arg-tRNA-synth_N_sf

BRCT_dom_sf

NAC_dom_sf

ARM-type_fold

TPR-like_helical_dom_sf

Tubulin/FtsZ_C_sf

Palmitoyltrfase_DHHC

DUF872_TM

WD40_repeat_dom_sf

Znf_C2H2_sf

TPR-like_helical_dom_sf

Cyclin-like_sf

MCM_complex-bd

SAP_dom_sf

EXO1_H3TH

Palmitoyltrfase_DHHC

Myb_dom

NAC_dom_sf

Aminopeptidase_N-like_N

Rubisco_LSMT_subst-bd_sf

E3_ELL-like

C-N_Hydrolase_sf

Methyltransf_25

Glyco_hydro_9_Asp/Glu_AS

P-loop_NTPase

FBXO4

GCP_C_sf

Spc25

Peptidase_C15-like_sf

L24e/L24_sf

Rx_N

DNK_dom

WD40_repeat_dom_sf

DHS-like_NAD/FAD-binding_dom

Shugoshin_C

MCM_lid

DUF1618

TPR-like_helical_dom_sf

Sec8/EXOC4

APC1_C

IPNS-like

TOPRIM_TopoIII

CENP-T/H4_C

Papain-like_cys_pep_sf

NT-C2

POLD3_sf

MCM_lid

RibonucZ/Hydroxyglut_hydro

PEPTIDASE_A1

Oberon_PHD

CDI

ARM-type_fold

SE/Ars2

MAP70

Rrm1

Transl_init_fac_IF2/IF5_Zn-bd

WD40_repeat_dom_sf

TPR_repeat

WD40_repeat_dom_sf

WD40_repeat_dom_sf

VIR_N

Cit_transptr-like_dom

Aminotrans_V_PyrdxlP_BS

P-loop_NTPase

At4g26450-l ike

Histone-fold

AB_hydrolase

Papain-like_cys_pep_sf

Histone_H2A_CS

Marf1

Protein_kinase_ATP_BS

MAM33_sf

HATPase_C_sf

Znf_RanBP2_sf

Tubulin/FtsZ_C_sf

DNA/RNA_pol_sf

INO80B/Ies2

HAUS3_N

Spo22/ZIP4/TEX11

Histone_H2A_CS

WD40_repeat_dom_sf

BAF250/Osa

RNR-like

TPX2_central_dom

TruB_C

FN3_sf

WPP_sf

NAD(P)-bd_dom_sf

ARD_euk

CENP-T/H4_C

FN3_sf

Anticodon-bd_dom_sf

HNH_nuc

Kinesin_motor_dom_sf

RNase_III_sf

GCFC_dom

Malectin-like_Carb-bd_dom

Histone_H2A_CS

Histone-fold

Peptidase_A22B_SPP

CENP-C/Mif2/cnp3

LRR_dom_sf

SCAR/WAVE_fam

DNA-bd_pseudobarrel_sf

VAP

RBD_domain_sf

Histone-fold

RPL14_KOW

WH_DNA-bd_sf

WD40_repeat_dom_sf

WH_DNA-bd_sf

Ribosomal_L14_sf C-N_Hydrolase_sf

Histone-fold

Histone-fold

F-box-like_dom_sf

POLAR-like

Histone-fold

7-in-absentia-prot_TRAF-dom

CENP-T/H4_C

RBD_domain_sf

SUN_dom

Cyclin

Arg-tRNA-synth_N_sf

BRCT_dom_sf

Protein_kinase_ATP_BS

Sec3-PIP2_bind

LTSS

Nucleoporin_S59-like

DNA_primase_ssu_euk/arc

Condensin_barren_su2

AT_hook_DNA-bd_motif

Rossmann-like_a/b/a_fold

SWIB_MDM2_dom_sf

Lys-tRNA-synth_II_C

Ribosomal_S2_euk

Rho_N

CND3

Ankyrin_rpt-contain_sf

SKP1/BTB/POZ_sf

IF_rod_dom_coil1B

FAD/NAD-bd_sf

WD40/YVTN_repeat-like_dom_sf

ATPase_NBD

Histone_H2A_CS

LRR_dom_sf

Interferon-induced_GILT

Hist-Lys_N-MeTrfase_SET2_plant

P-loop_NTPase

P-loop_NTPase

RNA_pol_Rpb1_3_sf

Homeobox-like_sf

ORC_WH_C

Znf_CCCH_sf

DNA-bd_pseudobarrel_sf

IPNS-like

SSRP1_sf

CENP-T/H4_C

Ubiquitin-activating_enz

Protein_kinase_ATP_BS

XS_domain_sf

Nup186/Nup192/Nup205

Ribosomal_L17_sf

CENP-T/H4_C

Lsm7

L40e_sf

WD40_repeat_dom_sf

DedA

LysM_dom_sf

Cyclin

DNA-bd_pseudobarrel_sf

WD40_repeat_dom_sf

Histone-fold

Mn/Fe_SOD_N_sf

CENP-T/H4_C

TPR-like_helical_dom_sf

TF_TCP_subgr

Papain-like_cys_pep_sf

Kinesin_motor_dom_sf

Subtilisin-like_FN3

HMG_box_dom_sf

GHD

Myb_dom

GOSR2/Membrin/Bos1

ATPase_NBD

Rad9

ARM-type_fold

STPPase_N

Histone-fold

P-loop_NTPase

Ankyrin_rpt-contain_sf

DUF3741-assoc

Histone-fold

WD40_repeat_dom_sf

Inner_centromere_prot_ARK-bd

HMA_dom_sf

Treslin_N

LRR_dom_sf

BAH_sf

F-box-like_dom_sf

MOM1

Hat1_N_sf

Sm_D1

Haem_peroxidase_sf

Histone_H2A_CS

G_ENGB_dom

His_Pase_VIP1

Alpha/beta_knot_MTases

FAS1_dom_sf

ClpP_His_AS

Cnd1_C LRR_dom_sf

TOPRIM_TopoIII

Anticodon-bd_dom_sf

Ribosomal_L10e/L16_sf

Cyclin

Protein_kinase_ATP_BS

F-box-like_dom_sf

HSP20-like_chaperone

Protein_kinase_ATP_BS

NOB1

Translin_sf

P-loop_NTPase

RFWD3

DYW_dom

Kelch-typ_b-propeller

ELYS_dom

MCM_lid

NT-C2

Pectin_lyase_fold/virulence

MutM-like_N-ter

Kinesin_motor_dom_sf

Papain-like_cys_pep_sf

RING-CH-C4HC3_LTN1

Rx_N

Fig4-like

TPR-like_helical_dom_sf

Histone-fold

TIF2_asu_C

CENP-T/H4_C

PheRS_DBD3

NUDIX_hydrolase-like_dom_sf

PUS1/PUS2-like

WHIM2_dom

SANTA

Protein_kinase_ATP_BS

WH_DNA-bd_sf

BAH_sf

IQ_motif_EF-hand-BS

tRNA-synt_1_cat_dom

Pept_M16_N

DNA2/NAM7-like_C

CDCA7/CDA7L

Ankyrin_rpt-contain_sf

G_DYNAMIN_dom

P-loop_NTPase

Histone_H2A_CS

Nucleoporin_S59-like

Protein_kinase_ATP_BS

RNA_pol_Rpb2_2_sf

Pept_M16_N

AAA_lid_10

GROEL-like_equatorial_sf

CSN8_PSD8_EIF3K

Peptidase_S1_PA_chymotrypsin

KH_dom_type_1_sf

LRR_dom_sf

CENP-T/H4_C

MCD1

Ltv1

Znf_NHR/GATA

Chaperonin_GroES_sf

TPR_repeat

AB_hydrolase

P-loop_NTPase

Donson

DUF1666

GRIP_dom

CENP-T/H4_C

SBP_sf

RibonucZ/Hydroxyglut_hydro

SRA-YDG_sf

WH-like_DNA-bd_sf

REPA_OB_2

Myb_dom

Kinesin_motor_dom_sf

Kinesin_motor_dom_sf

LZ3wCH

Rx_N

GAGA-bd_tscrpt_act

LRR_dom_sf

L36e_sf

MCM_complex-bd

CRAL-TRIO_dom_sf

Rad21/Rec8-like

CRIB_dom_sf

TM_Fragile-X-F-assoc

EF-hand_13

CH_dom_sf

DYW_dom

ACR1-12

HORMA_dom_sf

SMC3_ABC_euk

Kinase-like_dom_sf

GRF

TPR-like_helical_dom_sf

LRR_dom_sf

Histone_H2A_CS

Papain-like_cys_pep_sf

Peptidase_C1A_papain-like

Myb-like_dom

Methylthiotransferase_N_sf

ALOG

HATPase_C_sf

ML_PG-PI_TP

NUP2/50/61

HATPase_C_sf

SWIB_MDM2_dom_sf

KH_dom_type_1_sf

TF_TCP_subgr

HATPase_C_sf

Znf_Dof

Cullin_repeat-like_dom_sf

Porin_Euk/Tom40

TPR-like_helical_dom_sf

Ribo_hydro-like

Histone-fold

PWWP_dom

Histone-fold

Cyclin

Protein_kinase_ATP_BS

Web

F-box-like_dom_sf

C2_domain_sf

ARM-type_fold

P-loop_NTPase

HMG_box_dom_sf

VAP

KH_dom_type_1_sf

Nucleoporin_S59-like

Histone-fold

RST

F-box-like_dom_sf

SEPARIN_core_dom

Kinase-like_dom_sf

Histone_H2A_CS

WD40_repeat_dom_sf

LIN37

ARM-type_fold

UBQ-conjugating_enzyme/RWD

PyrdxlP-dep_Trfase

DBC1/CARP1_inactive_NUDIX_dom

CH_dom_sf

PP5_C

BPM_C

TAP42/TAP46-like_sf

PDCD2_C

DUF630

J_dom_sf

Histone-fold

Znf_RING/FYVE/PHD

Ankyrin_rpt-contain_sf

ABI

J_dom_sf

Papain-like_cys_pep_sf

FBD

FPF1

FAS1_dom_sf

SMR11/SMR16

C2_domain_sf

MutS_con_dom_sf

VAP

F-box-like_dom_sf

Histone-fold

Cytochrome_B561-rel

Cyclin-like_sf

UBQ-conjugating_enzyme/RWD

Znf_RING/FYVE/PHD

Tubulin/FtsZ_C_sf

Cyclophilin-like_dom_sf

WD40_repeat_dom_sf

MID_MedPIWI

Znf_CCCH_sf

WD40_repeat_dom_sf

Histone-fold

RFA2-like

Protein_kinase_ATP_BS

Rossmann-like_a/b/a_fold

F-box-like_dom_sf

TPR-contain_dom

Jas

MCM_lid

NAD(P)-bd_dom_sf

HMG_box_dom_sf

PI3/4_kinase_cat_sf

COR413

TPR-like_helical_dom_sf

J_dom_sf

CRAL-TRIO_dom_sf

Nucleoporin_Nup155_C_3

Ankyrin_rpt-contain_sf

SNF2-like_sf

ExoRNase_PH_dom2_sf
MCM_lid

Metalthion_15p

Preph_deHydtase_CS

Cyclin

PSII_Pbs27_sf

LRR_dom_sf

CHUP1-like

Bub1/Mad3

MCRS_N

Ald_DH_CS_GLU

Kinesin_motor_dom_sf

LRR_dom_sf

ProX/PRXD1

CENP-T/H4_C

TPR-like_helical_dom_sf

Rx_N

Ras_GTPase_bind_prot

Histone-fold

SAUR_fam

Btz_dom

MutS_con_dom_sf

No t2 /3 /5

FH2_Formin_sf

Glycoside_hydrolase_SF

Myb_dom

RBD_domain_sf

Znf_RanBP2_sf

Zf-FLZ_dom

ICln/Lot5

HORMA_dom_sf

E2F-DP_heterodim

RBD_domain_sf

AMP-dep_Synthh-like_sf

7-in-absentia-prot_TRAF-dom

Histone_H2A_CS

Reticulon

FANCI_S2

Condensin_barren_su2

WD40_repeat_dom_sf

RlmI_PUA-like

RmlC-like_jellyroll

Prot-tyrosine_phosphatase-like

FAD/NAD-bd_sf

F-box-like_dom_sf

DNA-bd_pseudobarrel_sf

Frigida

LRR_dom_sf

Protein_kinase_ATP_BS

Scorpion_toxin-like_sf

LOR_sf

T_SNARE_dom

WH-like_DNA-bd_sf

CAF1A

Histone_H2A_CS

DCTPP

NAB

WD40_repeat_dom_sf

DUF630

GROEL-like_equatorial_sf

Protein_kinase_ATP_BS

PPP2R3C

Symplekin/Pta1_N

ARM-type_fold

tRNA_met_Trm1_C

Peptidase_S1_PA_chymotrypsin

Histone_H2A_C

Nse4/EID

AB_hydrolase

WD40_repeat_dom_sf

Class_I_gatase-like

Kinesin_motor_dom_sf

GAT_sf

Mad3/Bub1_I

HDGF-rel_PWWP

RBD_domain_sf

ARM-type_fold

At4g38062-l ike

Homeobox-like_sf

SNF2-like_sf

Znf_RING/FYVE/PHD

PRMT5_C

CSTF2_C_sf

Papain-like_cys_pep_sf

HAD_2

Kinesin_motor_dom_sf

TDU_repeat

Kinesin_motor_dom_sf

Fatty_acid_hydroxylase

WH_DNA-bd_sf

Znf_RING/FYVE/PHD

HABP4/SERBP1

Znf-4CXXC_R1

LSm5

Kinesin_motor_dom_sf

FBD

Glyco_hydro_3_N_sf

TPX2_C

MCM_lid

FAD/NAD-bd_sf

Kinesin_motor_dom_sf

BSD_dom

Ala_tRNA_ligase_euk/bac

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

NPC2-like

Rad51_DMC1_RadA

WD40_repeat_dom_sf
Kinase-like_dom_sf

WD40_repeat_dom_sf

SMAD_FHA_dom_sf

CHL1/DDX11

Myb_dom

Rad21/Rec8-like

Histone-fold

AB_hydrolase

Mpv17_PMP22

Pre-SET_CXC

F-box-like_dom_sf

RBD_domain_sf

BAG5/6/7/8

F-box-like_dom_sf

WD40_repeat_dom_sf

Ribosomal_S28e_CS

Retrotrans_gag_dom

Ribosomal_S24e_CS

Histone-fold

Papain-like_cys_pep_sf

Kinesin_motor_dom_sf

RBD_domain_sf

Apc5

DNA_glycosylase

Papain-like_cys_pep_sf

BPM_C

LRR_dom_sf

Znf-CCCH_4

P-loop_NTPase

WD40_repeat_dom_sf

LRR_dom_sf

HAD-like_sf

ARM-type_fold

Whirly

BRCT_dom_sf

Web

FAD/NAD-bd_sf

Exp1_repeat_2

LRR_dom_sf

RecQ_Zn-bd

F-box-like_dom_sf

KH_dom_type_1_sf

Pre-SET_CXC

CDC45

Cdc24_OB3

MBD10/11

G_DYNAMIN_dom

Osmotin/thaumatin-like_sf

PInositol-4-P-5-kinase_N

MCM_lid

DUF1666

Znf_CCHC_sf

Branching_enzy

Histone_H2A_CS

Ankyrin_rpt-contain_sf

DUF1618

CCT_domain

TPR-like_helical_dom_sf

P-loop_NTPase

Aur

PWP2

Kinesin_motor_dom_sf

AminoTfrase-like_pln_mobile

IQ_motif_EF-hand-BS

Uncharacterised_XH

PPR_long

Ribosomal_S3_C_sf

Vta1/CALS_N

FAD/NAD-bd_sf

WD40_repeat_dom_sf

Nucleoporin_S59-like

WD40_repeat_dom_sf

Kinesin_motor_dom_sf

ARM-type_fold

Las1

AAA_lid_3

REPA_OB_2

WH-like_DNA-bd_sf

Polycomb_protein_VEFS-Box

PTAC12

WH_DNA-bd_sf

HATPase_C_sf

P-loop_NTPase

Sin3-like

CENP-T/H4_C

TRANK1

ARM-type_fold

AT_hook_DNA-bd_motif

LRR_dom_sf

GROEL-like_equatorial_sf

Rx_N

DUF3741-assoc

Cyclin-like_sf

MAM33_sf

tRNA_met_Trm1_C

Ub-E1_IAD_1

Thioredoxin-like_sf

UCP016988

TAT_signal

Tubulin/FtsZ_C_sf

ATPase_NBD

HIBYL-CoA-H

HLH_DNA-bd_sf

Nse4/EID

F-box-like_dom_sf

F-box-like_dom_sf

SKP1/BTB/POZ_sf

HS1-bd

WH_DNA-bd_sf

Thymidate_synth/dCMP_Mease_sf

ARM-type_fold

PAH_sf

Mt_carrier_dom_sf

SAP_dom_sf

AldOxase/xan_DH_Mopterin-bd_sf

DYW_dom

DUF4283

G_DYNAMIN_dom

CRIB_dom_sf

SCC2/Nipped-B

P-loop_NTPase

TIF_eIF4e-like

Saposin-like

AB_hydrolase

Nop_C

RBD_domain_sf

Rrm1

VIR_N

DNA2/NAM7-like_C

TPR_repeat

Importin_beta

Ribosomal_L27/L41_mit

Shugoshin_C

Cyclin

RNaseH_sf

WD40_repeat_dom_sf

Protein_kinase_ATP_BS

Palmitoyltrfase_DHHC

WH-like_DNA-bd_sf

TPR-like_helical_dom_sf

Histone-fold

WD40_repeat_dom_sf

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

RNaseH_sf

CENP-T/H4_C

TopoI_DNA-bd_euk_N_sf

SWAP

GCP_N

AAA_lid_10

5-3_exonuclease_C_sf

WD40_repeat_dom_sf

HMA_dom_sfRUVBL2_DII

SNF2-like_sf

WD40_repeat_dom_sf

Znf_RING/FYVE/PHD

ClpA/ClpB_AAA_lid

CRIB_dom_sf

X8

TruD_catalytic

TOG

Znf_RING/FYVE/PHD

Histone-fold

CENP-T/H4_C

P-loop_NTPase

MOM1

Coilin_N

Dev_and_cell_death_domain

F-box-like_dom_sf

DNA_pol_e_bsu_N

TOPRIM_DnaG/twinkle

GROEL-like_equatorial_sf

Condensin_barren_su2

DNA-bd_pseudobarrel_sf

Hect_E3_ubiquitin_ligase

WH_DNA-bd_sf

SAM-dependent_MTases

MAP65_Ase1_PRC1

Ubiquitin-like_domsf

WH-like_DNA-bd_sf

NAP-like_sf

TGT-like_sf

Anticodon_Met

Ipi1_N

FKS1-like_dom1

Cnd3_C

GAUT

P-loop_NTPase

DNA-bd_pseudobarrel_sf

THOC7/Mft1

L18e/L15P_sf

WD40_repeat_CS

SRA-YDG_sf

Znf_C2H2_sf

Protein_kinase_ATP_BS

J_dom_sf

Nucleoporin_S59-like

Rpb5-like

HSP20-like_chaperone

eIF3m_C_helix

Wound_ind

Histone_H2A_C

TPX2_central_dom

HLH_DNA-bd_sf

CENP-T/H4_C

ZN622/Rei1/Reh1_Znf-C2H2

CENP-T/H4_C

RBD_domain_sf

Subtilisin-like_FN3

AB_hydrolase

At4g38062-l ike

JASON

WAP

CHL1/DDX11

Remorin_C

RBD_domain_sf

GINS_bundle-like_dom_sf

RNA_pol_Rpb1_3_sf

NAA40

Cyclin

NAP-like_sf

TRHO_N

DUF1668_ORYSA

Nucellin

KH_dom_type_1_sf

RNaseH_sf

PPR_long

Znf_NHR/GATA

Metal_Hydrolase

RNA_pol-assoc_fac_A49-like

Znf_PHD-finger

Ribokinase-like

Cyclin

ARM-type_fold

TPR_repeat

Histone_H2A_C

MAM33_sf

Palmitoyltrfase_DHHC

BT1

TPR-like_helical_dom_sf
Protein_kinase_ATP_BS

Histone_H2A_CS

CHUP1-like

Btz_dom

BRCT_dom_sf

DNA-bd_pseudobarrel_sf

EME1/EME2_C

Kinesin_motor_dom_sf

Ebp2

DUF4378

KH_dom_type_1_sf

Dbr1_N

TPX2_central_dom

SMC3_ABC_euk

Sugar_P_trans_dom

APC1_C

FAD-bd_PCMH-like_sf

Histone-fold

Sugar_P_trans_dom

Importin_beta

Lectin_gal-bd_sf

IF_2B-like_C

Ribosomal_S23/S29_mit

DNA-bd_pseudobarrel_sf

SMC4_ABC_euk

Ribosomal_L13_sf

Papain-like_cys_pep_sf

HABP4/SERBP1

Ndc80_sf

ARM-type_fold

J_dom_sf

FAS1_dom_sf

Zf-FLZ_dom

F-box-like_dom_sf

Alfin

Ribosomal_L39e_dom_sf

TPR-like_helical_dom_sf

ARM-type_fold

CuRO_1_LCC

UBQ-conjugating_AS

Histone-fold

MCM_lid

HLH_DNA-bd_sf

RBD_domain_sf

Cyt_P450_sf

Znf_CCCH

XS_domain_sf

RPL19

Clp_N_dom_sf

Dev_and_cell_death_domain

TAF1A-like

UPS_plant

TF_GRAS

NAD(P)-bd_dom_sf

SPX_dom

TPR-like_helical_dom_sf

NSP1/NUP62

Cyt_P450_sf

RLI_dom_1

DNA_primase_ssu_euk/arc

LRR_dom_sf

WD40_repeat_dom_sf

Peptidase_C1A_papain-like

MORF/ORRM1/DAG-like

LRR_dom_sf

Snf7_fam

PheRS_beta_core

LRR_dom_sf

Frigida

ARID_dom_sf

HMG_box_dom_sf

F-box-like_dom_sf

Znf_RING/FYVE/PHD

At1g76660-l ike

Arg_succ_lyase_C

CuRO_3_LCC

Kinase-like_dom_sf

Histone-fold

Osmotin/thaumatin-like_sf

EDR4-like

Transketolase_C

Histone-fold

E2F-DP_heterodim

Nop14

Kinesin_motor_dom_sf

MutS_con_dom_sf

Cyclin

TPR-like_helical_dom_sf

CENP-T/H4_C

F-box-like_dom_sf

NOP9

Histone-fold

Mad3/Bub1_I

Glyco_trans_48

TPR_repeat

LRR_dom_sf

RBD_domain_sf

Ankyrin_rpt-contain_sf

AB_hydrolase

DUF4110

WD40_repeat_dom_sf

RNaseH-like_sf

SNF2-like_sf

Pds5

Dihydro-acid_dehy_C

SCC2/Nipped-B

LRR_dom_sf

Histone-fold

RPA43_OB

Histone-fold

DNA/RNA_pol_sf

PPM-type_dom_sf

Myb_dom

Puta_zinc/iron-chelating_dom

HABP4/SERBP1

Histone-fold

CRIB_dom_sf

SCD2-like

Mlo

Frigida

BRCT_dom_sf

Coilin_N

Prot-tyrosine_phosphatase-like

Cyt_P450_sf

UBQ-conjugating_enzyme/RWD

Protodermal_1

Importin_beta

Gyrase/topoIV_suA_C

HSP90_C

CDCA7/CDA7L

AAA_lid_10

P-loop_NTPase

Brix

Kelch-typ_b-propeller

RBD_domain_sf

HATPase_C_sf

WD40_repeat_dom_sf

ZCCHC10

WD40_repeat_dom_sf

LIN37

TBL

MBP2C

Porphobilinogen_deaminase_C_sf

PPM-type_dom_sf

LRR_dom_sf

At5g14285-l ike

Porin_dom_sf

AB_hydrolase

MAP70

SAM-dependent_MTases

WH_DNA-bd_sf

Osmotin/thaumatin-like_sf

Ald_DH_C

WH_DNA-bd_sf

MeTrfase_TrmA_CS

FucosylTrfase_pln

Cyclin

LRR_dom_sf

CBS_dom

Kinesin_motor_dom_sf

LRR_dom_sf

RPN2_C

SMAD_FHA_dom_sf

PInositol-4-P-5-kinase_N

CENP-T/H4_C

DNA/RNA_pol_sf

WH_DNA-bd_sf

WH-like_DNA-bd_sf

SRP54_N_sf

P-loop_NTPase

Homeobox-like_sf

Nucleoporin_int_Nup93/Nic96

AtJ6-like

Ribosomal_S1/3_euk

APC1_C

DNA_pol_lamdba_lyase_dom_sf

Rx_N

WGR_dom_sf

Histone-fold

WH_DNA-bd_sf

CENP-T/H4_C

Histone-fold

TPR-like_helical_dom_sf

AAA_16

HisRS-like_core

XTH

PLC-like_Pdiesterase_TIM-brl

GBBH-like_N_sf

Znf_C3HC-like

HIT4

Pyrv_Kinase-like_dom_sf

F-box-like_dom_sf

ORC_WH_C
Znf_CCCH_sf

G_CP_dom

RBD_domain_sf

FH2_Formin_sf

Remorin_C

NAC_dom_sf

J_dom_sf

RBD_domain_sf

FANCM/Mph1-like

RuvB-like_C

CHUP1-like

NPH3/RPT2-like

UDP-sugar_pyrophosphorylase

YTH_domain

TRAF-like

M3A_MIP

Rad21/Rec8-like

AUX/IAA_dom

P-loop_NTPase

Prot_kin_Mps1_fam

J_dom_sf

cNMP-bd-like

CENP-T/H4_C

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

Histone_H2A_CS

Histone-fold

CENP-T/H4_C

Protein_kinase_ATP_BS

SNF2-like_sf

Kinesin_motor_dom_sf

Ub-E1_IAD_1

Znf_RING/FYVE/PHD

Glycoside_hydrolase_SF

Rossmann-like_a/b/a_fold

HMG_box_dom_sf

Protein_kinase_ATP_BS

Histone-fold

CENP-T/H4_C

WD40_repeat_dom_sf

RBD_domain_sf

Haem_Oase-like_multi-hlx

Kinesin_motor_dom_sf

FAS_N

vWFA_dom_sf

Sugar_P_trans_dom

SAM-dependent_MTases

DUF3741-assoc

F-box-like_dom_sf

SGNH_hydro_sf

TamB

WD40_repeat_dom_sf

Ras_GTPase_bind_prot

MAGE_WH2

Scarecrow-like_28

TRAF-like

Dolichyldiphosphatase_PAP2

HIT4

RBD_domain_sf

MIP1_Leuzipper

WD40_repeat_dom_sf

Histone-fold

Kinase-like_dom_sf

Alba-like_dom_sf

F-box-like_dom_sf

Creatinase/aminopeptidase-like

Donson

TPR-like_helical_dom_sf

Histone_H2A_CS

WD40_repeat_dom_sf

VAP

ALG12

SWIB_MDM2_dom_sf

Choline_transptr-like

GROEL-like_equatorial_sf

Ald_DH_C

Histone-fold

HATPase_C_sf

Rho_N_sf

HLH_DNA-bd_sf

WD40/YVTN_repeat-like_dom_sf

ARM-type_fold

Whirly

Histone-fold

Histone-fold

cNMP-bd-like

MyosinXI_CBD

KELP

EPHD

F-box-like_dom_sf

CRIB_dom_sf

CENP-T/H4_C

RUVBL2_DII

Msp1

CENP-T/H4_C
SKP1/BTB/POZ_sf

snRNP-assoc_SmB/SmN

Histone-fold

WH_DNA-bd_sf

Rrm1

Hat1_N_sf

AS_sf

CAND1/CAND2

PADR1_dom_sf

TPR_repeat

Pds5

KH_dom_type_1_sf

Remorin_C

DNA_ligase_N_sf

TPR-like_helical_dom_sf

Nop52

Znf_RING/FYVE/PHD

Symplekin/Pta1_N

AAA_lid_3

Papain-like_cys_pep_sf

Histone_H2A_CS

Kinesin_motor_dom_sf

WH_DNA-bd_sf

SANT/Myb

MTERF_sf

FAM214/SPAC3H8.04_C

LRR_dom_sf

Interferon-induced_GILT

MCM_lid

LRR_dom_sf

J_dom_sf

NAD(P)-bd_dom_sf

WD40_repeat_dom_sf

HSP20-like_chaperone

Spt16

DNA-bd_pseudobarrel_sf

NAD(P)-bd_dom_sf

CRWN

Deoxycytidylate_deaminase_dom

Timeless_N

DNA-bd_pseudobarrel_sf

Ribokinase-like

AT_hook_DNA-bd_motif

Ribosomal_L14_sf

Histone-fold

SAM_MeTfrase_DRM

SWIB_MDM2_dom_sf

Endo/exonu/phosph_ase_sf

HLH_DNA-bd_sf

Cdc5p/Cef1

Protein_kinase_ATP_BS

MID_MedPIWI

WW_dom_sf

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

HIBYL-CoA-H

Agenet_dom_plant

EME1/EME2_C

TPR-like_helical_dom_sf

Saposin-like

TPR-like_helical_dom_sf

Protein_kinase_ATP_BS

NAB

Znf_PARP_sf

Scorpion_toxin-like_sf

P-loop_NTPase

MutS_con_dom_sf

TRAF-like

ARID_dom_sf

ELYS_dom

DUF502

Znf_C2H2_sf

Histone-fold

Mms4/EME1/EME2

WD40_repeat_dom_sf

MnmG_N

Histone-fold

Thioredoxin-like_sf

RNaseH_sf

USP7_ICP0-binding_dom

Ankyrin_rpt-contain_sf

Clp_N_dom_sf

WH_DNA-bd_sf

WRKY_dom_sf

TPR-like_helical_dom_sf

BAH_sf

Peptidase_S1_PA

Enolase-like_C_sf

Protein_kinase_ATP_BS

F-box-like_dom_sf

Myb_dom

Hat1_N_sf

Nup133-l ike

Histone_H2A_CS

P-loop_NTPase

Protein_kinase_ATP_BS

SHOC1-like

AHL15-29

RST

WH_DNA-bd_sf

GROEL-like_equatorial_sf

Cyt_P450_sf

DNA/RNA_pol_sf

7-in-absentia-prot_TRAF-dom

DUF1618

Histone-fold

Histone-fold

ATPase_NBD

Kinesin_motor_dom_sf

F-box-like_dom_sf

ELYS_dom

Mlo

SWIB_MDM2_dom_sf

ExoRNase_PH_dom2_sf

MeTrfase_capping

PALE_CRESS

L30e-like

WGR_dom_sf

P-loop_NTPase

WD40_repeat_dom_sf

LRR_dom_sf

AUX/IAA_dom

Rx_N

Kinase-like_dom_sf

P-loop_NTPase

NAB

Papain-like_cys_pep_sf

Xant/urac/vitC

DNA2/NAM7-like_C

Znf_CCHC_sf

RNaseH_sf

G_CP_dom

RNA_pol_Rpb2_2_sf

Histone-fold

SRA-YDG_sf

WRC_dom

WH_DNA-bd_sf

Protein_kinase_ATP_BS

AUX/IAA_dom

ARM-type_fold

Protein_kinase_ATP_BS

LRR_dom_sf

RBD_domain_sf

YTH_domain

DUF1618

Sm_D1

LRR_dom_sf

UBP13_Znf-UBP_var

WD40_repeat_dom_sf

FNR_nucleotide-bd

BRCT_dom_sf

MAM33_sf

Sugar_P_trans_dom

Histone-fold

WH_DNA-bd_sf

P-loop_NTPase

Ser_caboxypep_his_AS

Cystatin

Histone-fold

CENP-T/H4_C

FKS1-like_dom1

PWWP_dom

snRNA-activating_su3

TPR-like_helical_dom_sf

Histone-fold

Donson

NaCa_Exmemb

Sm_F

Myb-like_dom

Histone-fold

SBP_sf

Cyclin

RBD_domain_sf

Isy1_sf

Rx_N

Kinesin_motor_dom_sf

TPX2_central_dom

PH-like_dom_sf

vWFA_dom_sf

P-loop_NTPase

Ncaph2

DUF630

RBD_domain_sf

L36e_sf

Histone-fold

Histone_H2A_CS

TRCF-like_C

CENP-T/H4_C

WH_DNA-bd_sf

WH_DNA-bd_sf

BRCT_dom_sf

GINS_bundle-like_dom_sf

Aur

RBD_domain_sf

IsoPropMal-DH-like_dom

Ubiquitin-activating_enz

Znf_RanBP2_sf

WD40_repeat_dom_sf

ATPase_NBD

Aquaporin_transptr

RBD_domain_sf

Histone-fold

Kinesin_motor_dom_sf

CASP_dom

HMG_box_dom_sf

Enolase-like_C_sf

Cupin_8

ClpA/ClpB_AAA_lid

MCM_lid

NDX

CTNNBL1

PFN_sf

TEX10/Ipi1

HRD

ARM-type_fold

NT_sf

C-N_Hydrolase_sf

aa-tRNA-synth_II

ARM-type_fold

CENP-T/H4_C

Glyco_hydro_1_N_CS

S1_dom

BLT-like

RBD_domain_sf

SRA-YDG_sf

WW_dom_sf

Rfa2

LRR_dom_sf

Importin_beta

P-loop_NTPase

P-loop_NTPase

Papain-like_cys_pep_sf

WD40_repeat_dom_sf

P-loop_NTPase

Histone-fold

AB_hydrolase

P-loop_NTPase

WD40_repeat_dom_sf

GEBP

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

PI3/4_kinase_cat_sf
WD40_repeat_dom_sf

WPP_sf

Histone-fold

P-loop_NTPase

F-box-like_dom_sf

Znf_C2H2_type

CENP-T/H4_C

P-loop_NTPase

TD_ACT-like_sf

Ribosomal_S5_D2-typ_fold

Urb2/Npa2_C

Trigger_fac_ribosome-bd_sf

GGT_lsub_C

Histone-fold

SF3b_su1-like

SF3A3

RBD_domain_sf

AB_hydrolase

SANTA

RCC1/BLIP-II

IPNS-like

Histone-fold

GHD

G_ENGB_dom

F-box-like_dom_sf

Znf_PHD-finger

Histone-fold

P-loop_NTPase

BRX_N

TBL

Lectin_gal-bd_sf

Ribosomal_L7A/L8_sf

DUF2062

CENP-T/H4_C

MFS_trans_sf

Tubulin/FtsZ_GTPase_sf

MCM_complex-bd

SKP1-like_dim_sf

NAT12

Histone-fold

Nop52

TPR_repeat

Web

Kinesin_motor_dom_sf

CENP-T/H4_C

THO_THOC1

Pre-SET_CXC

P-loop_NTPase

LRR_dom_sf

Protein_kinase_ATP_BS

SAP_dom

Alpha/beta_knot_MTases

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

CRWN

MTERF_sf

NA-bd_OB-fold

Aur

NA-bd_OB-fold

ClpP/crotonase-like_dom_sf

AUX/IAA_dom

J_dom_sf

Histone_H2A_CS

Ankyrin_rpt-contain_sf

RBD_domain_sf

AN1-like_Znf

ASY3-like

PCI_dom

Nop_C

Cyclin

Ribosomal_L7A/L8_sf

CENP-T/H4_C

GRF

RNaseH_sf

SAM-dependent_MTases

TF_TCP_subgr

cNMP-bd-like

Dev_and_cell_death_domain

LRR_dom_sf

AP2/ERF_dom_sf

ARD_euk

ATX1/2_PHD

RNA_pol_III_Rpc5

CENP-T/H4_C

RibonucZ/Hydroxyglut_hydro

CENP-T/H4_C

Aldolase_TIM

NAD(P)-bd_dom_sf

CENP-T/H4_C

XS_domain_sf

LRR_dom_sf

G_ENGB_dom

LRR_dom_sf

Protein_kinase_ATP_BS

Kinesin_motor_dom_sf

AAA_lid_10

Histone-fold

Znf_RanBP2_sf

TPR-like_helical_dom_sf

Frigida

RNaseH_sf

WD40_repeat_dom_sf

F-box-like_dom_sf

RBD_domain_sf

HMA_dom_sf

TPR-like_helical_dom_sf

WH_DNA-bd_sf

MCM_lid

WD40_repeat_dom_sf

Znf_PHD-finger

Yippee_fam

RBD_domain_sf

DNA-bd_pseudobarrel_sf

Treslin_N

CENP-T/H4_C

SNF2-like_sf

RFA2-like

SNI1

GCP_N

Alfin

CAF1A

FAD/NAD-bd_sf

MTERF_sf

FH2_Formin_sf

7-in-absentia-prot_TRAF-dom

DNA_primase_lsu_euk

WD40_repeat_dom_sf

PLP-binding_barrel

CHUP1-like

AN1-like_Znf

F-box-like_dom_sf

EXO1_H3TH

Mot2

HAD-like_sf

Ubiquitin-like_domsf

LRR_dom_sf

WD40_repeat_dom_sf

vWFA_dom_sf

DNA-bd_pseudobarrel_sf

J_dom_sf

WD40_repeat_dom_sf

ICR

WIYLD_dom_sf

Kinesin_motor_dom_sf

DUF295

WH_DNA-bd_sf

P-loop_NTPase

GCFC_dom

UBQ-conj_enz_E2-bd_prot

MTERF_sf

CENP-T/H4_C

LRR_dom_sf

DAGAT

UBP13_Znf-UBP_var

SMC_hinge_sf

MPP_PAP

WD40_repeat_dom_sf

PyrdxlP-dep_Trfase

SNO_AAA

TPR_repeat

CDC50/LEM3_fam

TPR-like_helical_dom_sf

AUX/IAA_dom

Myb-like_dom

IF_rod_dom_coil1B

BAH_sf

QWRF

P-loop_NTPase

SPARK

BRCT_dom_sf

T_SNARE_dom

TopoI_DNA-bd_euk_N_sf

DUF1668_ORYSA

P-loop_NTPase

WD40_repeat_dom_sf

P-loop_NTPase

ATAD3

Toll_tir_struct_dom_sf

5-3_exonuclease_C_sf

G_ERA_dom

P-loop_NTPase

ARM-type_fold

BRCT_dom_sf

WD40_repeat_dom_sf

WHIM1_dom

Protein_kinase_ATP_BS

RBD_domain_sf

EPHD

Znf_CCCH_sf

Kinesin_motor_dom_sf

Methyltr_RsmF_N

CENP-T/H4_C

DA1-like

SAM-dependent_MTases

RBD_domain_sf

Cyt_B5-like_heme/steroid_sf

Papain-like_cys_pep_sf

Znf_PHD-finger

Cdc5p/Cef1

Kinesin_motor_dom_sf

TopoI_DNA-bd_euk_N_sf

TBL

TBRG1

DUF3456

Histone-fold

Znf_C2H2_sf

C2_domain_sf

Lectin_gal-bd_sf

GINS_Psf3_sf

HLH_DNA-bd_sf

RNA_pol_Rpb1_3_sf

MIP1_Leuzipper

F-box-like_dom_sf

LRR_dom_sf

Kelch-typ_b-propeller

P-loop_NTPase

Znf_FYVE-rel

Treslin_N

Pds5

Cyclin-like_sf

EIF3A

AB_hydrolase

J_dom_sf

GROEL-like_equatorial_sf

AAA_lid_3

P-loop_NTPase

LRR_dom_sf

DUF1668_ORYSA

CENP-T/H4_C

Protein_kinase_ATP_BS

P-loop_NTPase

Papain-like_cys_pep_sf

TruB_C

Rx_N

P-loop_NTPase

MCM_lid

ExoRNase_PH_dom2_sf

P-loop_NTPase

ChlI/MoxR_AAA_lid

Vid27

RNApol_insert_sf

NA-bd_OB-fold

SRA-YDG_sf

Web

SNF2-like_sf

MFS_trans_sf

Histone_H2A_CS

EME1/EME2_C

WH_DNA-bd_sf

WD40_repeat_dom_sf

Myb_dom

WD40_repeat_dom_sf

Histone_H2A_CS

DUF597

Nop_C

DNA_primase_lsu_euk

WH_DNA-bd_sf

Papain-like_cys_pep_sf

U5-116kDa_C

Cyclin

Ribosomal_L4_dom_sf

J_dom_sf

PADR1_dom_sf

Znf_RanBP2_sf

RNA_pol_Rpb1_3_sf

Znf_CCCH_sf

BRCT_dom_sf

Homeobox-like_sf

P-loop_NTPase

GLE1-like_sf

Znf_LIM

UBL3-like

SWIB_MDM2_dom_sf

AP2/ERF_dom_sf

Cullin_homology_sf

Nup84/Nup107

DUF1421

RBD_domain_sf

CENP-T/H4_C

Transl_init_fac_IF2/IF5_Zn-bd

Myb_dom

DUF3615

Znf_RING_CS

FH2_Formin_sf

Tesmin/TSO1-like_CXC

AA_transpt_TM

GROEL-like_equatorial_sf

RBD_domain_sf

Methyltransf_25

Cytochrome_B561-rel

Ferritin-like_SF

Rossmann-like_a/b/a_fold

HMG_box_dom_sf

Pumilio_RNA-bd

TPR-like_helical_dom_sf

J_dom_sf

NAD(P)-bd_dom_sf

CSN8_PSD8_EIF3K

SNF2-like_sf

BRCA2_hlx_sf

Kinesin_motor_dom_sf

Thiolase_C

AAA_lid_3

ARM-type_fold

Lectin_gal-bd_sf

D15-l ike

N-reg_PII_CS

Glycoside_hydrolase_SF

Methyltransf_FA

Rrm1

ClpA/ClpB_AAA_lid

DNA/RNA_pol_sf

F-box-like_dom_sf

SNF2-like_sf

DYW_dom

NUP88/NUP82

SSRP1_sf

Rpb5-like

Nup54_alpha-helical_dom

Rad50/SbcC_AAA

F-box-like_dom_sf

WRC_dom

SRA-YDG_sf

HMG_box_dom_sf

RNA_MTrfase_RlmN

SAM-dependent_MTases

Ribokinase-like

IPNS-like

EF_Hand_1_Ca_BS

BAH_sf

D15-l ike AUX/IAA_dom

BRX1

CDCA7/CDA7L

RibonucZ/Hydroxyglut_hydro

SRA-YDG_sf

Telomerase_RBD

PORR_domain

CENP-T/H4_C

Symplekin/Pta1_N

PyrdxlP-dep_Trfase

Ankyrin_rpt-contain_sf

TPX2_central_dom

CENP-T/H4_C

CENP-T/H4_C

RNaseH_sf

JASON

Tensin_phosphatase

7-in-absentia-prot_TRAF-dom

BRCT_dom_sf

GROEL-like_equatorial_sf

Pyrv_Kinase-like_dom_sf
P-loop_NTPase

Mad1

GROEL-like_equatorial_sf

Znf_RanBP2_sf

AS_sf

CRIB_dom_sf

Histone_H2A_CS

WH_DNA-bd_sf

TGA_domain

Subtilisin-like_FN3

RBD_domain_sf

P-loop_NTPase

Mur_ligase_C_dom_sf

BAH_sf

LIM-bd/SEUSS

CSN8_PSD8_EIF3K

Band_7/SPFH_dom_sf

F-box-like_dom_sf

F-box-like_dom_sf

RBBP5/Swd1

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

PyrdxlP-dep_Trfase

Fan1-like

SKP1-like_dim_sf

DUF630

CENP-T/H4_C

LRR_dom_sf

RBD_domain_sf

CENP-T/H4_C

Glutathione-S-Trfase_C_sf

Rpn6_C_helix

Thioredoxin-like_sf

Dev_and_cell_death_domain

Thioredoxin-like_sf

CENP-T/H4_C

Znf_RanBP2_sf

P-loop_NTPase

WD40_repeat_dom_sf

DUF3741-assoc

CND3

Pyridoxal_P_attach_site

Znf_CCHC_sf

Ser_caboxypep_his_AS

GROEL-like_equatorial_sf

OCRE

AB_hydrolase

P-loop_NTPase

DUF4094

RBD_domain_sf

Gln_synt_N

Histone-fold

Sec7_dom_sf

Cyclin/Ssn8

Kinesin_motor_dom_sf

Znf_RING/FYVE/PHD

MutS_con_dom_sf

ZPR1_Znf1/2

GrpE_coiled_coil

Pr_cel_nuc_antig_CS

WH_DNA-bd_sf

7-in-absentia-prot_TRAF-dom

Ras_GTPase_bind_prot

WGR_dom_sf

Fe-S-bd_prot_LdpA_C

Peptidase_S54_rhomboid_dom

SEPARIN_core_dom

Rrm1

TPR-like_helical_dom_sf

QWRF

RPB6/omega-like_sf

Pr_cel_nuc_antig_CS

Sugar_P_trans_dom

SSU_processome_Utp11

ALAD_AS

SMC4_ABC_euk

P-loop_NTPase

NA-bd_OB-fold

RNA_pol_Rpb1_3_sf

CNNM

DUF1666

Kinesin_motor_dom_sf

WH-like_DNA-bd_sf

WH_DNA-bd_sf

CAF1A

CENP-T/H4_C

SCAI
CENP-T/H4_C

CDI

Histone-fold

RNA_pol_Rpb2_2_sf

WD40_repeat_dom_sf

Kinesin_motor_dom_sf

DUF3527

J_dom_sf

XPO5

Histone_H2A_CS

AAA_lid_3

Cleav_polyA_spec_factor_su5

PIG-B/GPI10

Histone_H2A_CS

RNApol_insert_sf

MyosinXI_CBD

ABT1/Esf2

SHOC1-like

ATPase_NBD

Condensin2_G2

Alfin

MFS_trans_sf

Importin_beta

Peptidase_C65_otubain_sub2

Dis3_CSD2

SNF2-like_sf

Kinesin_motor_dom_sf

Ribokinase-like

EXOC6/Sec15_C_dom1

GROEL-like_equatorial_sf

UPF_Ycf55

TPR-like_helical_dom_sf
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Figure 4.16. Upregulated indTaRKD1-7D #2.28 shared DEGs coexpression network 
annotated by differential expression. Nodes (genes) and edges (coexpression) are spatially 
arranged with an edge-directed springboard layout in cytoscape. Larger nodes represent 
transcription factors. Nodes are coloured by log2 fold change in expression values from the 
indTaRKD1-7D #2.28 IE_TM vs IE_WE comparison as denoted in the top left. 
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Vta1/CALS_N

FAD/NAD-bd_sf

WD40_repeat_dom_sf

Nucleoporin_S59-like

WD40_repeat_dom_sf

Kinesin_motor_dom_sf

ARM-type_fold

Las1

AAA_lid_3

REPA_OB_2

WH-like_DNA-bd_sf

Polycomb_protein_VEFS-Box

PTAC12

WH_DNA-bd_sf

HATPase_C_sf

P-loop_NTPase

Sin3-like

CENP-T/H4_C

TRANK1

ARM-type_fold

AT_hook_DNA-bd_motif

LRR_dom_sf

GROEL-like_equatorial_sf

Rx_N

DUF3741-assoc

Cyclin-like_sf

MAM33_sf

tRNA_met_Trm1_C

Ub-E1_IAD_1

Thioredoxin-like_sf

UCP016988

TAT_signal

Tubulin/FtsZ_C_sf

ATPase_NBD

HIBYL-CoA-H

HLH_DNA-bd_sf

Nse4/EID

F-box-like_dom_sf

F-box-like_dom_sf

SKP1/BTB/POZ_sf

HS1-bd

WH_DNA-bd_sf

Thymidate_synth/dCMP_Mease_sf

ARM-type_fold

PAH_sf

Mt_carrier_dom_sf

SAP_dom_sf

AldOxase/xan_DH_Mopterin-bd_sf

WAP

CHL1/DDX11

Remorin_C

RBD_domain_sf

GINS_bundle-like_dom_sf

RNA_pol_Rpb1_3_sf

NAA40

Cyclin

NAP-like_sf

TRHO_N

DUF1668_ORYSA

Nucellin

KH_dom_type_1_sf

RNaseH_sf

PPR_long

Znf_NHR/GATA

Metal_Hydrolase

RNA_pol-assoc_fac_A49-like

Znf_PHD-finger

Ribokinase-like

Cyclin

ARM-type_fold

TPR_repeat

Histone_H2A_C

MAM33_sf

Palmitoyltrfase_DHHC

BT1

TPR-like_helical_dom_sf
Protein_kinase_ATP_BS

Histone_H2A_CS

CHUP1-like

Btz_dom

BRCT_dom_sf

DNA-bd_pseudobarrel_sf

EME1/EME2_C

Kinesin_motor_dom_sf

Ebp2

DUF4378

KH_dom_type_1_sf

Dbr1_N

TPX2_central_dom

CRIB_dom_sf

X8

TruD_catalytic

TOG

Znf_RING/FYVE/PHD

Histone-fold

CENP-T/H4_C

P-loop_NTPase

MOM1

Coilin_N

Dev_and_cell_death_domain

F-box-like_dom_sf

DNA_pol_e_bsu_N

TOPRIM_DnaG/twinkle

GROEL-like_equatorial_sf

Condensin_barren_su2

DNA-bd_pseudobarrel_sf

Hect_E3_ubiquitin_ligase

WH_DNA-bd_sf

SAM-dependent_MTases

MAP65_Ase1_PRC1

Ubiquitin-like_domsf

WH-like_DNA-bd_sf

NAP-like_sf

TGT-like_sf

Anticodon_Met

Ipi1_N

FKS1-like_dom1

Cnd3_C

GAUT

P-loop_NTPase

DNA-bd_pseudobarrel_sf

THOC7/Mft1

L18e/L15P_sf

WD40_repeat_CS

SRA-YDG_sf

Znf_C2H2_sf

Protein_kinase_ATP_BS

J_dom_sf

Nucleoporin_S59-like

Rpb5-like

HSP20-like_chaperone

eIF3m_C_helix

Wound_ind

Histone_H2A_C

TPX2_central_dom

HLH_DNA-bd_sf

CENP-T/H4_C

ZN622/Rei1/Reh1_Znf-C2H2

CENP-T/H4_C

RBD_domain_sf

Subtilisin-like_FN3

AB_hydrolase

At4g38062-l ike

JASON

Snf7_fam

PheRS_beta_core

LRR_dom_sf

Frigida

ARID_dom_sf

HMG_box_dom_sf

F-box-like_dom_sf

Znf_RING/FYVE/PHD

At1g76660-l ike

Arg_succ_lyase_C

CuRO_3_LCC

Kinase-like_dom_sf

Histone-fold

Osmotin/thaumatin-like_sf

EDR4-like

Transketolase_C

Histone-fold

E2F-DP_heterodim

Nop14

Kinesin_motor_dom_sf

MutS_con_dom_sf

Cyclin

TPR-like_helical_dom_sf

CENP-T/H4_C

F-box-like_dom_sf

NOP9

Histone-fold

Mad3/Bub1_I

Glyco_trans_48

TPR_repeat

LRR_dom_sf

RBD_domain_sf

Ankyrin_rpt-contain_sf

AB_hydrolase

DUF4110

WD40_repeat_dom_sf

RNaseH-like_sf

SNF2-like_sf

Pds5

Dihydro-acid_dehy_C

SMC3_ABC_euk

Sugar_P_trans_dom

APC1_C

FAD-bd_PCMH-like_sf

Histone-fold

Sugar_P_trans_dom

Importin_beta

Lectin_gal-bd_sf

IF_2B-like_C

Ribosomal_S23/S29_mit

DNA-bd_pseudobarrel_sf

SMC4_ABC_euk

Ribosomal_L13_sf

Papain-like_cys_pep_sf

HABP4/SERBP1

Ndc80_sf

ARM-type_fold

J_dom_sf

FAS1_dom_sf

Zf-FLZ_dom

F-box-like_dom_sf

Alfin

Ribosomal_L39e_dom_sf

TPR-like_helical_dom_sf

ARM-type_fold

CuRO_1_LCC

UBQ-conjugating_AS

Histone-fold

MCM_lid

HLH_DNA-bd_sf

RBD_domain_sf

Cyt_P450_sf

Znf_CCCH

XS_domain_sf

RPL19

Clp_N_dom_sf

Dev_and_cell_death_domain

TAF1A-like

UPS_plant

TF_GRAS

NAD(P)-bd_dom_sf

SPX_dom

TPR-like_helical_dom_sf

NSP1/NUP62

Cyt_P450_sf

RLI_dom_1

DNA_primase_ssu_euk/arc

LRR_dom_sf

WD40_repeat_dom_sf

Peptidase_C1A_papain-like

MORF/ORRM1/DAG-like

LRR_dom_sf

LRR_dom_sf

CBS_dom

Kinesin_motor_dom_sf

LRR_dom_sf

RPN2_C

SMAD_FHA_dom_sf

PInositol-4-P-5-kinase_N

CENP-T/H4_C

DNA/RNA_pol_sf

WH_DNA-bd_sf

WH-like_DNA-bd_sf

SRP54_N_sf

P-loop_NTPase

Homeobox-like_sf

Nucleoporin_int_Nup93/Nic96

AtJ6-like

Ribosomal_S1/3_euk

APC1_C

DNA_pol_lamdba_lyase_dom_sf

Rx_N

WGR_dom_sf

Histone-fold

WH_DNA-bd_sf

CENP-T/H4_C

Histone-fold

TPR-like_helical_dom_sf

AAA_16

HisRS-like_core

XTH

PLC-like_Pdiesterase_TIM-brl

GBBH-like_N_sf

Znf_C3HC-like

HIT4

Pyrv_Kinase-like_dom_sf

F-box-like_dom_sf

ORC_WH_C
Znf_CCCH_sf

G_CP_dom

RBD_domain_sf

FH2_Formin_sf

SCC2/Nipped-B

LRR_dom_sf

Histone-fold

RPA43_OB

Histone-fold

DNA/RNA_pol_sf

PPM-type_dom_sf

Myb_dom

Puta_zinc/iron-chelating_dom

HABP4/SERBP1

Histone-fold

CRIB_dom_sf

SCD2-like

Mlo

Frigida

BRCT_dom_sf

Coilin_N

Prot-tyrosine_phosphatase-like

Cyt_P450_sf

UBQ-conjugating_enzyme/RWD

Protodermal_1

Importin_beta

Gyrase/topoIV_suA_C

HSP90_C

CDCA7/CDA7L

AAA_lid_10

P-loop_NTPase

Brix

Kelch-typ_b-propeller

RBD_domain_sf

HATPase_C_sf

WD40_repeat_dom_sf

ZCCHC10

WD40_repeat_dom_sf

LIN37

TBL

MBP2C

Porphobilinogen_deaminase_C_sf

PPM-type_dom_sf

LRR_dom_sf

At5g14285-l ike

Porin_dom_sf

AB_hydrolase

MAP70

SAM-dependent_MTases

WH_DNA-bd_sf

Osmotin/thaumatin-like_sf

Ald_DH_C

WH_DNA-bd_sf

MeTrfase_TrmA_CS

FucosylTrfase_pln

Cyclin

Scarecrow-like_28

TRAF-like

Dolichyldiphosphatase_PAP2

HIT4

RBD_domain_sf

MIP1_Leuzipper

WD40_repeat_dom_sf

Histone-fold

Kinase-like_dom_sf

Alba-like_dom_sf

F-box-like_dom_sf

Creatinase/aminopeptidase-like

Donson

TPR-like_helical_dom_sf

Histone_H2A_CS

WD40_repeat_dom_sf

VAP

ALG12

SWIB_MDM2_dom_sf

Choline_transptr-like

GROEL-like_equatorial_sf

Ald_DH_C

Histone-fold

HATPase_C_sf

Rho_N_sf

HLH_DNA-bd_sf

WD40/YVTN_repeat-like_dom_sf

ARM-type_fold

Whirly

Histone-fold

Histone-fold

cNMP-bd-like

MyosinXI_CBD

KELP

EPHD

F-box-like_dom_sf

CRIB_dom_sf

CENP-T/H4_C

RUVBL2_DII

Msp1

CENP-T/H4_C

Remorin_C

NAC_dom_sf

J_dom_sf

RBD_domain_sf

FANCM/Mph1-like

RuvB-like_C

CHUP1-like

NPH3/RPT2-like

UDP-sugar_pyrophosphorylase

YTH_domain

TRAF-like

M3A_MIP

Rad21/Rec8-like

AUX/IAA_dom

P-loop_NTPase

Prot_kin_Mps1_fam

J_dom_sf

cNMP-bd-like

CENP-T/H4_C

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

Histone_H2A_CS

Histone-fold

CENP-T/H4_C

Protein_kinase_ATP_BS

SNF2-like_sf

Kinesin_motor_dom_sf

Ub-E1_IAD_1

Znf_RING/FYVE/PHD

Glycoside_hydrolase_SF

Rossmann-like_a/b/a_fold

HMG_box_dom_sf

Protein_kinase_ATP_BS

Histone-fold

CENP-T/H4_C

WD40_repeat_dom_sf

RBD_domain_sf

Haem_Oase-like_multi-hlx

Kinesin_motor_dom_sf

FAS_N

vWFA_dom_sf

Sugar_P_trans_dom

SAM-dependent_MTases

DUF3741-assoc

F-box-like_dom_sf

SGNH_hydro_sf

TamB

WD40_repeat_dom_sf

Ras_GTPase_bind_prot

MAGE_WH2

WW_dom_sf

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

HIBYL-CoA-H

Agenet_dom_plant

EME1/EME2_C

TPR-like_helical_dom_sf

Saposin-like

TPR-like_helical_dom_sf

Protein_kinase_ATP_BS

NAB

Znf_PARP_sf

Scorpion_toxin-like_sf

P-loop_NTPase

MutS_con_dom_sf

TRAF-like

ARID_dom_sf

ELYS_dom

DUF502

Znf_C2H2_sf

Histone-fold

Mms4/EME1/EME2

WD40_repeat_dom_sf

MnmG_N

Histone-fold

Thioredoxin-like_sf

RNaseH_sf

USP7_ICP0-binding_dom

Ankyrin_rpt-contain_sf

Clp_N_dom_sf

WH_DNA-bd_sf

WRKY_dom_sf

TPR-like_helical_dom_sf

BAH_sf

Peptidase_S1_PA

Enolase-like_C_sf

Protein_kinase_ATP_BS

F-box-like_dom_sf

Myb_dom

Hat1_N_sf

Nup133-l ike

Histone_H2A_CS

SKP1/BTB/POZ_sf

snRNP-assoc_SmB/SmN

Histone-fold

WH_DNA-bd_sf

Rrm1

Hat1_N_sf

AS_sf

CAND1/CAND2

PADR1_dom_sf

TPR_repeat

Pds5

KH_dom_type_1_sf

Remorin_C

DNA_ligase_N_sf

TPR-like_helical_dom_sf

Nop52

Znf_RING/FYVE/PHD

Symplekin/Pta1_N

AAA_lid_3

Papain-like_cys_pep_sf

Histone_H2A_CS

Kinesin_motor_dom_sf

WH_DNA-bd_sf

SANT/Myb

MTERF_sf

FAM214/SPAC3H8.04_C

LRR_dom_sf

Interferon-induced_GILT

MCM_lid

LRR_dom_sf

J_dom_sf

NAD(P)-bd_dom_sf

WD40_repeat_dom_sf

HSP20-like_chaperone

Spt16

DNA-bd_pseudobarrel_sf

NAD(P)-bd_dom_sf

CRWN

Deoxycytidylate_deaminase_dom

Timeless_N

DNA-bd_pseudobarrel_sf

Ribokinase-like

AT_hook_DNA-bd_motif

Ribosomal_L14_sf

Histone-fold

SAM_MeTfrase_DRM

SWIB_MDM2_dom_sf

Endo/exonu/phosph_ase_sf

HLH_DNA-bd_sf

Cdc5p/Cef1

Protein_kinase_ATP_BS

MID_MedPIWI

Protein_kinase_ATP_BS

LRR_dom_sf

RBD_domain_sf

YTH_domain

DUF1618

Sm_D1

LRR_dom_sf

UBP13_Znf-UBP_var

WD40_repeat_dom_sf

FNR_nucleotide-bd

BRCT_dom_sf

MAM33_sf

Sugar_P_trans_dom

Histone-fold

WH_DNA-bd_sf

P-loop_NTPase

Ser_caboxypep_his_AS

Cystatin

Histone-fold

CENP-T/H4_C

FKS1-like_dom1

PWWP_dom

snRNA-activating_su3

TPR-like_helical_dom_sf

Histone-fold

Donson

NaCa_Exmemb

Sm_F

Myb-like_dom

Histone-fold

SBP_sf

Cyclin

RBD_domain_sf

Isy1_sf

Rx_N

Kinesin_motor_dom_sf

TPX2_central_dom

PH-like_dom_sf

vWFA_dom_sf

P-loop_NTPase

Ncaph2

DUF630

P-loop_NTPase

Protein_kinase_ATP_BS

SHOC1-like

AHL15-29

RST

WH_DNA-bd_sf

GROEL-like_equatorial_sf

Cyt_P450_sf

DNA/RNA_pol_sf

7-in-absentia-prot_TRAF-dom

DUF1618

Histone-fold

Histone-fold

ATPase_NBD

Kinesin_motor_dom_sf

F-box-like_dom_sf

ELYS_dom

Mlo

SWIB_MDM2_dom_sf

ExoRNase_PH_dom2_sf

MeTrfase_capping

PALE_CRESS

L30e-like

WGR_dom_sf

P-loop_NTPase

WD40_repeat_dom_sf

LRR_dom_sf

AUX/IAA_dom

Rx_N

Kinase-like_dom_sf

P-loop_NTPase

NAB

Papain-like_cys_pep_sf

Xant/urac/vitC

DNA2/NAM7-like_C

Znf_CCHC_sf

RNaseH_sf

G_CP_dom

RNA_pol_Rpb2_2_sf

Histone-fold

SRA-YDG_sf

WRC_dom

WH_DNA-bd_sf

Protein_kinase_ATP_BS

AUX/IAA_dom

ARM-type_fold

Papain-like_cys_pep_sf

WD40_repeat_dom_sf

P-loop_NTPase

Histone-fold

AB_hydrolase

P-loop_NTPase

WD40_repeat_dom_sf

GEBP

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

PI3/4_kinase_cat_sf
WD40_repeat_dom_sf

WPP_sf

Histone-fold

P-loop_NTPase

F-box-like_dom_sf

Znf_C2H2_type

CENP-T/H4_C

P-loop_NTPase

TD_ACT-like_sf

Ribosomal_S5_D2-typ_fold

Urb2/Npa2_C

Trigger_fac_ribosome-bd_sf

GGT_lsub_C

Histone-fold

SF3b_su1-like

SF3A3

RBD_domain_sf

AB_hydrolase

SANTA

RCC1/BLIP-II

IPNS-like

Histone-fold

GHD

G_ENGB_dom

F-box-like_dom_sf

Znf_PHD-finger

Histone-fold

P-loop_NTPase

BRX_N

TBL

Lectin_gal-bd_sf

RBD_domain_sf

L36e_sf

Histone-fold

Histone_H2A_CS

TRCF-like_C

CENP-T/H4_C

WH_DNA-bd_sf

WH_DNA-bd_sf

BRCT_dom_sf

GINS_bundle-like_dom_sf

Aur

RBD_domain_sf

IsoPropMal-DH-like_dom

Ubiquitin-activating_enz

Znf_RanBP2_sf

WD40_repeat_dom_sf

ATPase_NBD

Aquaporin_transptr

RBD_domain_sf

Histone-fold

Kinesin_motor_dom_sf

CASP_dom

HMG_box_dom_sf

Enolase-like_C_sf

Cupin_8

ClpA/ClpB_AAA_lid

MCM_lid

NDX

CTNNBL1

PFN_sf

TEX10/Ipi1

HRD

ARM-type_fold

NT_sf

C-N_Hydrolase_sf

aa-tRNA-synth_II

ARM-type_fold

CENP-T/H4_C

Glyco_hydro_1_N_CS

S1_dom

BLT-like

RBD_domain_sf

SRA-YDG_sf

WW_dom_sf

Rfa2

LRR_dom_sf

Importin_beta

P-loop_NTPase

P-loop_NTPase

CENP-T/H4_C

RibonucZ/Hydroxyglut_hydro

CENP-T/H4_C

Aldolase_TIM

NAD(P)-bd_dom_sf

CENP-T/H4_C

XS_domain_sf

LRR_dom_sf

G_ENGB_dom

LRR_dom_sf

Protein_kinase_ATP_BS

Kinesin_motor_dom_sf

AAA_lid_10

Histone-fold

Znf_RanBP2_sf

TPR-like_helical_dom_sf

Frigida

RNaseH_sf

WD40_repeat_dom_sf

F-box-like_dom_sf

RBD_domain_sf

HMA_dom_sf

TPR-like_helical_dom_sf

WH_DNA-bd_sf

MCM_lid

WD40_repeat_dom_sf

Znf_PHD-finger

Yippee_fam

RBD_domain_sf

DNA-bd_pseudobarrel_sf

Treslin_N

CENP-T/H4_C

SNF2-like_sf

RFA2-like

SNI1

GCP_N

Alfin

CAF1A

FAD/NAD-bd_sf

MTERF_sf

FH2_Formin_sf

Ribosomal_L7A/L8_sf

DUF2062

CENP-T/H4_C

MFS_trans_sf

Tubulin/FtsZ_GTPase_sf

MCM_complex-bd

SKP1-like_dim_sf

NAT12

Histone-fold

Nop52

TPR_repeat

Web

Kinesin_motor_dom_sf

CENP-T/H4_C

THO_THOC1

Pre-SET_CXC

P-loop_NTPase

LRR_dom_sf

Protein_kinase_ATP_BS

SAP_dom

Alpha/beta_knot_MTases

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

CRWN

MTERF_sf

NA-bd_OB-fold

Aur

NA-bd_OB-fold

ClpP/crotonase-like_dom_sf

AUX/IAA_dom

J_dom_sf

Histone_H2A_CS

Ankyrin_rpt-contain_sf

RBD_domain_sf

AN1-like_Znf

ASY3-like

PCI_dom

Nop_C

Cyclin

Ribosomal_L7A/L8_sf

CENP-T/H4_C

GRF

RNaseH_sf

SAM-dependent_MTases

TF_TCP_subgr

cNMP-bd-like

Dev_and_cell_death_domain

LRR_dom_sf

AP2/ERF_dom_sf

ARD_euk

ATX1/2_PHD

RNA_pol_III_Rpc5

5-3_exonuclease_C_sf

G_ERA_dom

P-loop_NTPase

ARM-type_fold

BRCT_dom_sf

WD40_repeat_dom_sf

WHIM1_dom

Protein_kinase_ATP_BS

RBD_domain_sf

EPHD

Znf_CCCH_sf

Kinesin_motor_dom_sf

Methyltr_RsmF_N

CENP-T/H4_C

DA1-like

SAM-dependent_MTases

RBD_domain_sf

Cyt_B5-like_heme/steroid_sf

Papain-like_cys_pep_sf

Znf_PHD-finger

Cdc5p/Cef1

Kinesin_motor_dom_sf

TopoI_DNA-bd_euk_N_sf

TBL

TBRG1

DUF3456

Histone-fold

Znf_C2H2_sf

C2_domain_sf

Lectin_gal-bd_sf

GINS_Psf3_sf

HLH_DNA-bd_sf

RNA_pol_Rpb1_3_sf

MIP1_Leuzipper

F-box-like_dom_sf

LRR_dom_sf

Kelch-typ_b-propeller

P-loop_NTPase

Znf_FYVE-rel

7-in-absentia-prot_TRAF-dom

DNA_primase_lsu_euk

WD40_repeat_dom_sf

PLP-binding_barrel

CHUP1-like

AN1-like_Znf

F-box-like_dom_sf

EXO1_H3TH

Mot2

HAD-like_sf

Ubiquitin-like_domsf

LRR_dom_sf

WD40_repeat_dom_sf

vWFA_dom_sf

DNA-bd_pseudobarrel_sf

J_dom_sf

WD40_repeat_dom_sf

ICR

WIYLD_dom_sf

Kinesin_motor_dom_sf

DUF295

WH_DNA-bd_sf

P-loop_NTPase

GCFC_dom

UBQ-conj_enz_E2-bd_prot

MTERF_sf

CENP-T/H4_C

LRR_dom_sf

DAGAT

UBP13_Znf-UBP_var

SMC_hinge_sf

MPP_PAP

WD40_repeat_dom_sf

PyrdxlP-dep_Trfase

SNO_AAA

TPR_repeat

CDC50/LEM3_fam

TPR-like_helical_dom_sf

AUX/IAA_dom

Myb-like_dom

IF_rod_dom_coil1B

BAH_sf

QWRF

P-loop_NTPase

SPARK

BRCT_dom_sf

T_SNARE_dom

TopoI_DNA-bd_euk_N_sf

DUF1668_ORYSA

P-loop_NTPase

WD40_repeat_dom_sf

P-loop_NTPase

ATAD3

Toll_tir_struct_dom_sf

GLE1-like_sf

Znf_LIM

UBL3-like

SWIB_MDM2_dom_sf

AP2/ERF_dom_sf

Cullin_homology_sf

Nup84/Nup107

DUF1421

RBD_domain_sf

CENP-T/H4_C

Transl_init_fac_IF2/IF5_Zn-bd

Myb_dom

DUF3615

Znf_RING_CS

FH2_Formin_sf

Tesmin/TSO1-like_CXC

AA_transpt_TM

GROEL-like_equatorial_sf

RBD_domain_sf

Methyltransf_25

Cytochrome_B561-rel

Ferritin-like_SF

Rossmann-like_a/b/a_fold

HMG_box_dom_sf

Pumilio_RNA-bd

TPR-like_helical_dom_sf

J_dom_sf

NAD(P)-bd_dom_sf

CSN8_PSD8_EIF3K

SNF2-like_sf

BRCA2_hlx_sf

Kinesin_motor_dom_sf

Thiolase_C

AAA_lid_3

ARM-type_fold

Lectin_gal-bd_sf

D15-l ike

N-reg_PII_CS

Glycoside_hydrolase_SF

Methyltransf_FA

Rrm1

Treslin_N

Pds5

Cyclin-like_sf

EIF3A

AB_hydrolase

J_dom_sf

GROEL-like_equatorial_sf

AAA_lid_3

P-loop_NTPase

LRR_dom_sf

DUF1668_ORYSA

CENP-T/H4_C

Protein_kinase_ATP_BS

P-loop_NTPase

Papain-like_cys_pep_sf

TruB_C

Rx_N

P-loop_NTPase

MCM_lid

ExoRNase_PH_dom2_sf

P-loop_NTPase

ChlI/MoxR_AAA_lid

Vid27

RNApol_insert_sf

NA-bd_OB-fold

SRA-YDG_sf

Web

SNF2-like_sf

MFS_trans_sf

Histone_H2A_CS

EME1/EME2_C

WH_DNA-bd_sf

WD40_repeat_dom_sf

Myb_dom

WD40_repeat_dom_sf

Histone_H2A_CS

DUF597

Nop_C

DNA_primase_lsu_euk

WH_DNA-bd_sf

Papain-like_cys_pep_sf

U5-116kDa_C

Cyclin

Ribosomal_L4_dom_sf

J_dom_sf

PADR1_dom_sf

Znf_RanBP2_sf

RNA_pol_Rpb1_3_sf

Znf_CCCH_sf

BRCT_dom_sf

Homeobox-like_sf

P-loop_NTPase

RBD_domain_sf

P-loop_NTPase

Mur_ligase_C_dom_sf

BAH_sf

LIM-bd/SEUSS

CSN8_PSD8_EIF3K

Band_7/SPFH_dom_sf

F-box-like_dom_sf

F-box-like_dom_sf

RBBP5/Swd1

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

PyrdxlP-dep_Trfase

Fan1-like

SKP1-like_dim_sf

DUF630

CENP-T/H4_C

LRR_dom_sf

RBD_domain_sf

CENP-T/H4_C

Glutathione-S-Trfase_C_sf

Rpn6_C_helix

Thioredoxin-like_sf

Dev_and_cell_death_domain

Thioredoxin-like_sf

CENP-T/H4_C

Znf_RanBP2_sf

P-loop_NTPase

WD40_repeat_dom_sf

DUF3741-assoc

CND3

Pyridoxal_P_attach_site

Znf_CCHC_sf

Ser_caboxypep_his_AS

GROEL-like_equatorial_sf

OCRE

AB_hydrolase

P-loop_NTPase

DUF4094

RBD_domain_sf

Gln_synt_N

Histone-fold

ClpA/ClpB_AAA_lid

DNA/RNA_pol_sf

F-box-like_dom_sf

SNF2-like_sf

DYW_dom

NUP88/NUP82

SSRP1_sf

Rpb5-like

Nup54_alpha-helical_dom

Rad50/SbcC_AAA

F-box-like_dom_sf

WRC_dom

SRA-YDG_sf

HMG_box_dom_sf

RNA_MTrfase_RlmN

SAM-dependent_MTases

Ribokinase-like

IPNS-like

EF_Hand_1_Ca_BS

BAH_sf

D15-l ike AUX/IAA_dom

BRX1

CDCA7/CDA7L

RibonucZ/Hydroxyglut_hydro

SRA-YDG_sf

Telomerase_RBD

PORR_domain

CENP-T/H4_C

Symplekin/Pta1_N

PyrdxlP-dep_Trfase

Ankyrin_rpt-contain_sf

TPX2_central_dom

CENP-T/H4_C

CENP-T/H4_C

RNaseH_sf

JASON

Tensin_phosphatase

7-in-absentia-prot_TRAF-dom

BRCT_dom_sf

GROEL-like_equatorial_sf

Pyrv_Kinase-like_dom_sf
P-loop_NTPase

Mad1

GROEL-like_equatorial_sf

Znf_RanBP2_sf

AS_sf

CRIB_dom_sf

Histone_H2A_CS

WH_DNA-bd_sf

TGA_domain

Subtilisin-like_FN3

Condensin2_G2

Alfin

MFS_trans_sf

Importin_beta

Peptidase_C65_otubain_sub2

Dis3_CSD2

SNF2-like_sf

Kinesin_motor_dom_sf

Ribokinase-like

EXOC6/Sec15_C_dom1

GROEL-like_equatorial_sf

UPF_Ycf55

TPR-like_helical_dom_sf

Nucleoporin_Nup155_C_3

FucosylTrfase_pln

CHUP1-like

ARM-type_fold

AUX/IAA_dom

Histone-fold

Diacylglyc_glucosyltr_N

Neprosin_propep

Kinesin_motor_dom_sf

MORF/ORRM1/DAG-like

Remorin_C

WD40_repeat_dom_sf

BEACH_dom_sf

BRCT_dom_sf

Met_Sox_Rdtase

Mre11_N

RNA_pol_Rpb1_3_sf

Agenet_dom_plant

TPR-like_helical_dom_sf

DUF5600

HMA_dom_sf

R3H_AAA

Gyrase/topoIV_suA_C

SAP_dom_sf

Znf_SWIM

Sec7_dom_sf

Cyclin/Ssn8

Kinesin_motor_dom_sf

Znf_RING/FYVE/PHD

MutS_con_dom_sf

ZPR1_Znf1/2

GrpE_coiled_coil

Pr_cel_nuc_antig_CS

WH_DNA-bd_sf

7-in-absentia-prot_TRAF-dom

Ras_GTPase_bind_prot

WGR_dom_sf

Fe-S-bd_prot_LdpA_C

Peptidase_S54_rhomboid_dom

SEPARIN_core_dom

Rrm1

TPR-like_helical_dom_sf

QWRF

RPB6/omega-like_sf

Pr_cel_nuc_antig_CS

Sugar_P_trans_dom

SSU_processome_Utp11

ALAD_AS

SMC4_ABC_euk

P-loop_NTPase

NA-bd_OB-fold

RNA_pol_Rpb1_3_sf

CNNM

DUF1666

Kinesin_motor_dom_sf

WH-like_DNA-bd_sf

WH_DNA-bd_sf

CAF1A

CENP-T/H4_C

SCAI
CENP-T/H4_C

CDI

Histone-fold

RNA_pol_Rpb2_2_sf

WD40_repeat_dom_sf

Kinesin_motor_dom_sf

DUF3527

J_dom_sf

XPO5

Histone_H2A_CS

AAA_lid_3

Cleav_polyA_spec_factor_su5

PIG-B/GPI10

Histone_H2A_CS

RNApol_insert_sf

MyosinXI_CBD

ABT1/Esf2

SHOC1-like

ATPase_NBD

Rho_GTPase_activation_prot

WD40_repeat_dom_sf

2Fe-2S_ferredoxin-like_sf

Ribosomal_S21e_sf

Pumilio_RNA-bd

VIP1_N

Osmotin/thaumatin-like_sf

Cyclin

His_deacetylse_dom_sf

IPNS-like

DHFR-like_dom_sf

RBD_domain_sf

S4_RNA-bd_sf

Haem_oxidase_HugZ-like_sf

WD40_repeat_dom_sf

Metal_Hydrolase

P-loop_NTPase

Subtilisin-like_FN3

Kinesin_motor_dom_sf

HMG_box_dom_sf

SKP1-like_dim_sf

DNA/RNA_pol_sf

Pectin_lyas_fold

DUF1618

PABP-dom

RBD_domain_sf

P-loop_NTPase

Glyco_hydro_63N_sf

TPR-like_helical_dom_sf

Rho_N_sf

Exp1_repeat_2

BRCT_dom_sf

M/V/L/I-tRNA-synth_anticd-bd

P-loop_NTPase

PolD2_C

Sec3_C

Histone-fold

WRKY_dom_sf

WD40_repeat_dom_sf

F-box-like_dom_sf

Aldolase_TIM

WD40_repeat_dom_sf

Ovate

RNA-dep_RNA_pol_euk-typ

DYW_dom

Histone-fold

DNA_pol_alpha_bsu

At5g01610-l ike

SUVR5_Znf-C2H2_3rpt

Myb_CC_LHEQLE

CENP-T/H4_C

Kinesin_motor_dom_sf

DNA/RNA_pol_sf

PEPTIDASE_A1

ABC1_TM_sf

Mt_carrier_dom_sf

Znf_C2H2_sf

HAD-like_sf

LRR_dom_sf

P-loop_NTPase

Rpn13/ADRM1_sf

Znf_RING/FYVE/PHD

CNDH2_C

DUF3769

AB_hydrolase

Quinoprotein_ADH-like_supfam

SMC_hinge_sf

NAT10

NA-bd_OB-fold

Leo1

JASON

UBP13_Znf-UBP_var

Zinc_finger_PHD-type_CS

RNaseH_sf

RBD_domain_sf

GSTT1/2/3

Dis3_CSD2

J_dom_sf

Tesmin/TSO1-like_CXC

Cyclophilin-like_dom_sf

Ser_caboxypep_his_AS

AP2/ERF_dom_sf

P-loop_NTPase

XPC-bd_sf

DUF936_pln
SMC_hinge_sf

CENP-T/H4_C

HAD-like_sf

TIF2_asu_C

CCR4-NOT_su2/3/5_N_sf

Kinesin_motor_dom_sf

UvrD/AddA_N

AUX/IAA_dom

ARM-type_fold

Haem_Oase-like_multi-hlx

Spt6_death-like

ICR

PWWP_dom

ARM-type_fold

Cyclophilin-like_dom_sf

WD40_repeat_dom_sf

WH-like_DNA-bd_sf

PNPase_PH_RNA-bd_sf

LRR_dom_sf

Bifun_inhib/LTP/seed_sf

PWI_dom_sf

Cyclin

WD40_repeat_dom_sf

Histone-fold

UCH_C

Ub-E1_IAD_1

Histone-fold

tRNA-synt_1_cat_dom

SDH_C

Myb-like_dom

Znf_C2H2_sf

bZIP

Chaperonin_GroES_sf

RBD_domain_sf

Shikimate/glucono_kinase

DUF597

EF_Hand_1_Ca_BS

TMEM14

Kinase-like_dom_sf

AUX/IAA_dom

Kinesin_motor_dom_sf

Znf_C3HC-like

WD40_repeat_dom_sf

DYW_dom

Znf_CCCH_sf

AB_hydrolase

MutS_con_dom_sf

BLT-like

BAH_sf

Metallo-depent_PP-like

Bromodomain-like_sf

Osmotin/thaumatin-like_sf

UFC

His_deacetylse_dom_sf

Glycoside_hydrolase_SF

MTERF_sf

MAU2

Plus3-like_sf

BKI1/MAKR1/3/4

Porin_dom_sf

DEK_C

Ntn_hydrolases_N

PUS1/PUS2-like

IF_rod_dom_coil1B

CSN3

TPR-like_helical_dom_sf

Peptidase_S1_PA

CENP-T/H4_C

Histone-fold

Exp1_repeat_2

Calcineurin-like_PHP_ApaH

DNA/RNA_pol_sf

COBRA_pln

MIP1_Leuzipper

MCM_lid

P-loop_NTPase

Importin_beta

MCM_lid

Rx_N

AB_hydrolase

AT_hook_DNA-bd_motif

WW_dom_sf

CHUP1-like

NAD(P)-bd_dom_sf

HMA_dom_sf

Kinesin_motor_dom_sf

ATAD3

P-loop_NTPase

WRKY_dom_sf

DUF842_euk

YqaJ_viral_recombinase

Porphobilinogen_deaminase_C_sf

RlpA-like_sf

GROEL-like_equatorial_sf

Homeobox-like_sf

LRR_dom_sf

CDC50/LEM3_fam

AS_sf

Cyclin

AUX/IAA_dom

Frigida

TPR_repeat

RBD_domain_sf

DYW_dom

RCC1/BLIP-II

Mcm10

RBD_domain_sf

BRCT_dom_sf

TBL

PInositol-4-P-5-kinase_N

DYW_dom

7-in-absentia-prot_TRAF-dom

RBD_domain_sf

X8

OGT/SEC/SPY_C

LRR_dom_sf

CSTF2_C_sf

Haem_oxidase_HugZ-like_sf

Histone-fold

GluRdtase_dimer_dom_sf

CENP-T/H4_C

SNF2-like_sf

DUF1668_ORYSA

RST

Protein_kinase_ATP_BS

WD40_repeat_dom_sf

RibonucZ/Hydroxyglut_hydro

Ribosomal_S5_D2-typ_fold

HTH_base_excis_C

Kinase-like_dom_sf

CDP-OH_PTrfase_TM_dom

Histone-fold

P-loop_NTPase

TPR-like_helical_dom_sf

Rx_N

WH-like_DNA-bd_sf

BKI1/MAKR1/3/4

Bulb-type_lectin_dom_sf

Cnd1_C

WD40_repeat_dom_sf

Kinesin_motor_dom_sf

Hect_E3_ubiquitin_ligase

Sec1-like_sf

AtJ6-like

Kinesin_motor_dom_sf

Anticodon_Met

SAM-dependent_MTases

LexA/Signal_pep-like_sf

ARID_dom_sf

Znf_C2H2_sf

Rossmann-like_a/b/a_fold

Histone-fold

Nucleoporin_Nup155_C_3

Ald_DH_CS_GLU

Clathrin_AP_dom2

BAH_sf

Histone-fold

AAA_lid_3

MRPL40

Toll_tir_struct_dom_sf

Condensin2_G2

PPR_long

DUF3741-assoc

WH-like_DNA-bd_sf

GIP1

REX4_DEDDh_dom

WH_DNA-bd_sf

TPR-like_helical_dom_sf

RBD_domain_sf

PORR_domain

Cyclophilin-like_dom_sf

WD40_repeat_dom_sf

XRI1

LRR_dom_sf

Znf_NHR/GATA

Noc2

Mediator_Med17

Znf_RING_CS

LRR_dom_sf

ARID_dom_sf

Glutathione-S-Trfase_C_sf

DUF3730

RBD_domain_sf

HCO3_transpt_C

BLT-like

Myb_dom

Clp_N_dom_sf

Histone-fold

Nup186/Nup192/Nup205

P-loop_NTPase

BRCT_dom_sf

DUF4057

AAA_lid_3

TPR-like_helical_dom_sf

MOCS2A

START-like_dom_sf

NAD(P)-bd_dom_sf

HMA_dom_sf

ARM-type_fold

Lsm14-like_N

LRR_dom_sf

Na+/solute_symporter_sf

GINS_Psf3_sf

VPS28_N_sf

Peptidase_M28

GROEL-like_equatorial_sf

EST1

ENT_dom-like_sf

CENP-T/H4_C

Pr_cel_nuc_antig_CS

ALOG_dom

ARM-type_fold

Histone-fold

KH_dom_type_1_sf

Ribosomal_L13_sf

Znf_C2H2_sf

AA_transpt_TM

Ribosomal_S11_sf

Subtilisin-like_FN3

MFS_trans_sf

HORMA_dom_sf

F-box-like_dom_sf

REF

AB_hydrolase

Histone-fold

Kinesin_motor_dom_sf

CRWN

Protein_kinase_ATP_BS

At2g23090-l ike

ARM-type_fold

Papain-like_cys_pep_sf

Kinesin_motor_dom_sf

RPA43_OB

Naf1

ICR

CuRO_3_LCC

RlpA-like_sf

GROEL-like_equatorial_sf

WD40_repeat_dom_sf

TPR-like_helical_dom_sf

SAP_dom_sf

BUD31/G10-rel_CS

Rrm1

Sm_D2

L24e/L24_sf

WH_DNA-bd_sf
SMG1_PIKKc

OPT

Znf_CCHC_sf

Secretory_peroxidase

NA-bd_OB-fold

PDCD2_C

Polycomb_protein_VEFS-Box

AB_hydrolase

BRCT_dom_sf

Histone_H2A_CS

DUF3527

NAC_dom_sf

BAH_sf

Secretory_peroxidase

Cohesin_Scc3/SA

WD40/YVTN_repeat-like_dom_sf

Znf_C3HC4_RING-type

Na+/solute_symporter_sf

DUF2232

Mpp10

Glycoside_hydrolase_SF

SNF2-like_sf

SAM-dependent_MTases

P-loop_NTPase

DAMP1_SANT-like

RBD_domain_sf

PGG_dom

Trypto_synt_PLP_dependent

AA_transpt_TM

CHL1/DDX11

Kinesin_motor_dom_sf

F-box-like_dom_sf

WH-like_DNA-bd_sf

GROEL-like_equatorial_sf

Papain-like_cys_pep_sf

F-box-like_dom_sf

Leo1

Kinesin_motor_dom_sf

Tubulin/FtsZ_C_sf

WH_DNA-bd_sf

ARM-type_fold

WH_DNA-bd_sf

SNF2-like_sf

Kinesin_motor_dom_sf

Histone-fold

DUF4487

Cytochrome_B561-rel

NRDE-2

RBD_domain_sf

LETM1_RBD

Kinesin_motor_dom_sf

Centromere_Mis12

THUMPD1-like

P-loop_NTPase

K+_transporter

Peptidase_S8/S53_dom_sf

Protein_kinase_ATP_BS

Flavoprotein-like_sf

Rx_N

Cleav_polyA_spec_factor_su5

L18e/L15P_sf

AI-2E-like

CENP-T/H4_C

GP_PDE_dom

WH_DNA-bd_sf

Rab-GTPase_TBC_sf

CLU-central

Kinesin_motor_dom_sf

ASF1-like_sf

RNaseH-like_sf

TRIAD_supradom

MTERF_sf

SNF2-like_sf

Histone_H2A_CS

SNF2-like_sf

Protein_kinase_ATP_BS

Ebp2

RRM_DME

Lectin_gal-bd_sf

Histone_H2A_CS

DNA_pol_e_bsu_N

DUF4005

RBD_domain_sf

Anticodon_Met

Mpv17_PMP22

Band_7/SPFH_dom_sf

F-box-like_dom_sf

RBBP5/Swd1

K+_transporter

P-loop_NTPase

RBD_domain_sf

CDCA7/CDA7L

AlkB-like_sf

Peptidase_S1_PA_chymotrypsin

CuRO_3_LCC

PADR1_dom_sf

DBC1/CARP1_inactive_NUDIX_dom

ClpA/ClpB_AAA_lid

DUF1618

Kinesin_motor_dom_sf

Branching_enzy

Myb_dom

BCAT-like_C

DNA-bd_pseudobarrel_sf

ABC1_TM_sf

FAD/NAD-bd_sf

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

P-loop_NTPase

Rx_N

LRR_dom_sf

YTH_domain

WHIM1_dom

WD40_repeat_dom_sf

SWEET_sugar_transpr

Peptidase_S1_PA_chymotrypsin

TIF_IF2_dom3_sf

Tubulin/FtsZ_GTPase_sf

RFWD3

DNA2/NAM7-like_C

TIF_IF2_dom3_sf

At3g27390-l ike

NUP2/50/61
LEA_2

YhbY-like_sf

RlpA-like_sf

TOG

Timeless_N

Kinesin_motor_dom_sf

RopGEF

Remorin_C

FKS1-like_dom1

DEK_C

P-loop_NTPase

DUF1618

WAP

RBD_domain_sf

SHOC1-like

P-loop_NTPase

AAA_lid_3

GIP1

Kinesin_motor_dom_sf

Nucleoporin_Seh1

Tubulin/FtsZ_C_sf

CENP-T/H4_C

Fe_hydrogenase

Agenet_dom_plant

Thioredoxin-like_sf

RBD_domain_sf

Znf_RING/FYVE/PHD

MnmG_N

PPR_long

RNaseH_sf

Histone-fold

Myb_dom

DNA-bd_pseudobarrel_sf

DNA2/NAM7-like_C

BCKD/PDK

Prp19

SWAP/Surp_sf

Znf_PHD-finger

ARM-type_fold

WD40/YVTN_repeat-like_dom_sf

MTERF_sf

ChlI/MoxR_AAA_lid

CENP-T/H4_C

CENP-T/H4_C

Enhancer_polycomb

Aquaporin_transptr

UDP_glucos_trans

5-3_exonuclease_C_sf

BRCT_dom_sf

PPR_long

Kinase-like_dom_sf

SNF2-like_sf

Histone-fold

eIF3l

Rx_N

Methylthiotransferase_N_sf

TPR-like_helical_dom_sf

MyosinXI_CBD

Histone-fold

Papain-like_cys_pep_sf

Dis3_CSD2

WH_DNA-bd_sf

SNF2-like_sf

TPR-like_helical_dom_sf

G6P_1-epimerase

Pept_M16_N

THOC2_N

Bromodomain-like_sf

Mms4/EME1/EME2

Nucellin

Kinesin_motor_dom_sf

ExoRNase_PH_dom2_sf

LRR_dom_sf

P-loop_NTPase

Agenet_dom_plant

Ribosomal_L27_CS

TPR-like_helical_dom_sf

DNA_primase_lsu_euk

WD40/YVTN_repeat-like_dom_sf

Ub-E1_IAD_1

Importin_beta

Kinesin_motor_dom_sf

HATPase_C_sf

Thioredoxin-like_sf

AB_hydrolase

DBC1/CARP1_inactive_NUDIX_dom

Importin_rep_4

RRM_DME

BPM_C

RNA_pol_Rpb2_2_sf

Kinase_OSR1/WNK_CCT

ARM-type_fold

TPR-like_helical_dom_sf

FAD-bd_PCMH-like_sf

MPP_PAP

WD40_repeat_dom_sf

RlpA-like_sf

Histone-fold

SGNH_hydro_sf

DUF630

FANCI_S2

RNaseH_sf

PyrdxlP-dep_Trfase

P-loop_NTPase

Histone_H2A_CS

Mpo1-l ike

Znf-4CXXC_R1

CDC45

WD40_repeat_dom_sf

Histone-fold

SAM-dependent_MTases

ABC1_TM_sf

Sugar_P_trans_dom

Protein_kinase_ATP_BS

Histone-fold

Cyt_B5-like_heme/steroid_sf

XS_domain_sf

PABP-dom

DNA-bd_dom_sf

DNA/RNA_pol_sf

Histone-fold

P-loop_NTPase

NAD(P)-bd_dom_sf

NAD(P)-bd_dom_sf

Kinesin_motor_dom_sf

NAT12

HMA_dom_sf

DUF3741-assoc

Cyclin

SMAD_FHA_dom_sf

IQ_motif_EF-hand-BS

F-box-like_dom_sf

GNK2_sf

Kinase-like_dom_sf

RBD_domain_sf

Jas

Histone_H2A_CS

Ribosomal_L5_N

Histone-fold

CENP-T/H4_C

POLYCHOME/GIG1

ATPase_NBD

Bulb-type_lectin_dom_sf

PC-Esterase

Histone-fold

Protein_kinase_ATP_BS

Ub-E1_IAD_1

Guanylate-bd_C_sf

CarbP_synth_ssu_N_sf

PCI_dom

PRIN2

Protein_kinase_ATP_BS

Ctf8

Cyclin

Uncharacterised_XH

PI3/4_kinase_cat_sf

SAP_dom

LOG_fam

DUF1668_ORYSA

P-loop_NTPase

DNA_ligase_N_sf

NAC_dom_sf

THDP-binding

Sugar_P_trans_dom

Protein_kinase_ATP_BS

LRR_dom_sf

Cyt_P450_sf

CSN5_C

P-loop_NTPase

Znf_C2H2_type

SWAP

WD40_repeat_dom_sf

FAD/NAD-bd_sf

LRR_dom_sf

Kdotransferase

MyTH4_dom_sf

POLAR-like

ER_stress-assoc

CAT_C

Rhodanese-like_dom_sf

HAD-like_sf

TPR-like_helical_dom_sf

MID_MedPIWI

TPR-like_helical_dom_sf

Ald_DH_CS_GLU

DUF1618

Myb/SANT-like_dom

SNF2-like_sf

GRDP-like

GIP1

FKS1-like_dom1

DAO_C_sf

His_deacetylse_dom_sf

Frigida

GRDP-like

SMAD_FHA_dom_sf

Sas10_C_dom

RNaseH_sf

DNA_primase_ssu_euk/arc

Ubiquitin-activating_enz

F-box-like_dom_sf

Ribokinase-like

STMP1

Znf_RING/FYVE/PHD

MBD10/11

Haem_Oase-like_multi-hlx

MAM33_sf

GINS_bundle-like_dom_sf

F-box-like_dom_sf

RibonucZ/Hydroxyglut_hydro

Aquaporin_transptr

Myb_dom

XPO5

Prot_kin_Mps1_fam

P-loop_NTPase

Anticodon_Ile_ABEc

Dev_and_cell_death_domain

SWIB_MDM2_dom_sf

WD40_repeat_dom_sf

RPN1_C

Glutathione-S-Trfase_C_sf

DNA2/NAM7-like_C

RNaseH_sf

CAT_C

WD40_repeat_dom_sf

TPX2_central_dom

Cyt_P450_sf

WH-like_DNA-bd_sf

SNF2-like_sf

Apc5_dom

RBD_domain_sf

Pumilio_RNA-bd

Creatinase/aminopeptidase-like

HAD-like_sf

GROEL-like_equatorial_sf

SNF2-like_sf

Cl-channel_core

Znf_C2H2_sf

PyrdxlP-dep_Trfase

Annexin_sf

DNA_ligase_N_sf

Nse4_C

Papain-like_cys_pep_sf

J_dom_sf

Znf_C2H2_sf

TOG

Rx_N

WD40_repeat_dom_sf

Kelch-typ_b-propeller

DUF630

TPR-like_helical_dom_sf

PEPCASE_His_AS

BLT-like

Condensin_barren_su2

CENP-T/H4_C

NAT10

TRCF-like_C

Cnd1_C

Endo/exonu/phosph_ase_sf

Serpin_sf_2

PMF1/Nnf1

Cnd1_C

GCP_C_sf

Rnp2-like_sf

Uncharacterised_XH

At4g38062-l ike

CRIB_dom_sf

MFS_trans_sf

Shugoshin_C

ARM-type_fold

P-loop_NTPase

CENP-T/H4_C

Kinase-like_dom_sf

PRMT5_C

Morc_S5

Hist-Lys_N-MeTrfase_SET2_plant

Ub-E1_IAD_1

His_deacetylse_dom_sf

DNA-bd_pseudobarrel_sf

NAD(P)-bd_dom_sf

SANT_dom

JASON

Ankyrin_rpt-contain_sf

DUF4378

Protein_kinase_ATP_BS

GROEL-like_equatorial_sf

DUF936_pln

Pr_cel_nuc_antig_CS

ORC6

TPR-like_helical_dom_sf

WH_DNA-bd_sf

SRA-YDG_sf

ClpA/ClpB_AAA_lid

Arg-tRNA-synth_N_sf

Donson

NAD(P)-bd_dom_sf

P-loop_NTPase

Histone-fold

AHL

RFWD3

NAD(P)-bd_dom_sf

CENP-T/H4_C

LRR_dom_sf

TPR-like_helical_dom_sf

TPR-like_helical_dom_sf

Rad50/SbcC_AAA

Kinesin_motor_dom_sf
CENP-T/H4_C

Endochitinase-like_sf

Ankyrin_rpt-contain_sf

Kinase-like_dom_sf

P-loop_NTPase

Nucellin

cNMP-bd-like

ExoRNase_PH_dom2_sf

Endo/exonu/phosph_ase_sf

WD40_repeat_dom_sf

CENP-T/H4_C

WD40_repeat_dom_sf

P-loop_NTPase

DNA_pol_alpha_bsu

Zf-FLZ_dom

CENP-T/H4_C

Condensin_barren_su2

Peptidase_C78_UfSP1/2

Thioredoxin-like_sf

Protein_kinase_ATP_BS

HSP20-like_chaperone

AAA_15

DNA2/NAM7-like_C

P-loop_NTPase

XPOT

PGAP5/Cdc1/Ted1

HDR1

Peptidase_S1_PA

NAC_dom_sf

Ncaph2

Chaperonin_GroES_sf

LRR_dom_sf

Vid27

WH-like_DNA-bd_sf

Subtilisin-like_FN3

Protein_kinase_ATP_BS

GIY-YIG_endonuc_sf

Thioredoxin-like_sf

MutS_con_dom_sf

Lsm7

BRCT_dom_sf

MATE_fam

RBD_domain_sf

DIRP

SH2_dom_sf

AAA_lid_3

RBD_domain_sf

WRC_dom

Histone_H2A_CS

Pept_tRNA_hydro_sf

Rfa2

Kinase-like_dom_sf

SAM-dependent_MTases

ZPR1_Znf1/2

UBQ-conjugating_enzyme/RWD

RNApol_insert_sf

ATX1/2_PHD

TF_TCP_subgr

RNaseH_sf

CRAL-TRIO_dom_sf

WH_DNA-bd_sf

TPR-like_helical_dom_sf

LIM-bd/SEUSS

Znf_PHD-finger

NAB

REF

F-box-like_dom_sf

HMG_box_dom_sf

Ribosomal_L23/L15e_core_dom_sf

NFRKB

snRNP-E

PPR_long

MAP65_Ase1_PRC1

Rx_N

GatB_C_1

NAC_dom_sf

KH_dom_type_1_sf WPP_sf

Cyclin

Alba-like_dom_sf

Znf_C2H2_type

Kinesin_motor_dom_sf

DAGAT

Ribosomal_S3_C_sf

TPR_repeat

GEBP

REPA_OB_2

P-loop_NTPase

Kinesin_motor_dom_sf

Znf_CCCH_sf

NUP2/50/61

Znf_RING/FYVE/PHD

RNaseH_sf

Protein_kinase_ATP_BS

AP2/ERF_dom_sf

HAD-like_sf

WD40_repeat_dom_sf

CENP-T/H4_C

Ribosomal_L7A/L8_sf

Cyt_P450_sf

CENP-T/H4_C

QWRF

Glycoside_hydrolase_SF

PolD2_C

BRCT_dom_sf

Myb-like_dom

YTH_domain

DNK_dom

ATPase_NBD

CENP-T/H4_C

Kinase-like_dom_sf

SRD5A/TECR

Histone_H2A_CS

WD40_repeat_dom_sf

Pyrv_Kinase-like_dom_sf

MCM_lid

DUF1639

F-box-like_dom_sf

Utp6

CDCA7/CDA7L

FH2_Formin_sf

RBD_domain_sf

CENP-T/H4_C

J_dom_sf

TPR-like_helical_dom_sf

RBD_domain_sf

Glyco_hydro_127

MCM_lid

Protein_kinase_ATP_BS

TPR-like_helical_dom_sf

Xant/urac/vitC

Atg6/beclin_CC

NAD(P)-bd_dom_sf

PH-like_dom_sf

FucosylTrfase_pln
Ald_DH_C

CBP80

ARM-type_fold

NAD(P)-bd_dom_sf

Histone-fold

RBD_domain_sf

MFS_trans_sf

Zinc_ribbon_12

NAD(P)-bd_dom_sf

HAD-like_sf

WHIM2_dom

L30e-like

Creatinase/aminopeptidase-like

mRNA_splic_Cwf21_dom

Cullin_repeat-like_dom_sf

TPR-like_helical_dom_sf

P-loop_NTPase

TPR-like_helical_dom_sf

SNF2-like_sf

HATPase_C_sf

TRIAD_supradom

TPR-like_helical_dom_sf

CSN5_C

S1_dom

PPR_long

TPR-like_helical_dom_sf

AA_transpt_TM

Cyclin

Histone-fold

NT_sf

ACOT13

CNNM

vWFA_dom_sf

Histone_H2A_CS

Znf_CCCH_sf

SNF2-like_sf

Prot-tyrosine_phosphatase-like

Germin_Mn-BS

Met-dep_prot_hydro

AUX/IAA_dom

RBD_domain_sf

Trypto_synt_PLP_dependent

Histone-fold

DUF1771

P-loop_NTPase

RibonucZ/Hydroxyglut_hydro

DUF4050

AA_transpt_TM

Kinesin_motor_dom_sf

Kinesin_motor_dom_sf

Protein_kinase_ATP_BS

MutS_con_dom_sf

Rx_N

U5-116kDa_C

CENP-T/H4_C

SNF2-like_sf

LRR_dom_sf

Histone-fold

DYW_dom

DUF3741-assoc

RBBP5/Swd1

GIR2-like

Histone-fold

SAC3/GANP/THP3

BRCT_dom_sf

Telomerase_RBD

Peptidase_S54_rhomboid_dom

Kinesin_motor_dom_sf

Cyt_P450_sf

HMA_dom_sf

Kinesin_motor_dom_sf

TPR-like_helical_dom_sf

F-box-like_dom_sf

Znf-4CXXC_R1

MED15_KIX

ASY3-like

LRR_dom_sf

Red-like

Nop_C

PolD2_C

D15-l ike

Histone_H2A_CS

ASF1-like_sf

Ankyrin_rpt-contain_sf

WD40_repeat_dom_sf

SMC4_ABC_euk

MATE_fam

RBD_domain_sf

Histone-fold

Cnd1_C

ABC1_TM_sf

NPH3_dom

MyTH4_dom_sf

Kinase-like_dom_sf

WD40_repeat_dom_sf

ASY3-like

HLH_DNA-bd_sf

Rx_N

CENP-T/H4_C

ZPR1_Znf1/2

Histone-fold

Cwf19-like

Znf_PHD-finger

Topless_fam

Pr_cel_nuc_antig_CS

IF_2B-like_C

AMP-dep_Synthh-like_sf

HAD-like_sf

P-loop_NTPase

WD40/YVTN_repeat-like_dom_sf

PFU_sf

RPN2_C

NAD(P)-bd_dom_sf

Znf_CCCH

CCT_domain

LRR_dom_sf

Myb_dom

CCT_domain

Cyt_P450_sf

HAD-like_sf

CENP-T/H4_C

ATPase_NBD

Scorpion_toxin-like_sf

PPR_long

Histone-fold

DEK_C

Tubulin/FtsZ_GTPase_sf

Myb_dom

LCCL_sf

EPFL

Protein_kinase_ATP_BS

WRKY_dom_sf

TPR-like_helical_dom_sf

P-loop_NTPase

Kinesin_motor_dom_sf

Kinesin_motor_dom_sf

Inositol_monoP_metal-BS

TPR-like_helical_dom_sf

GROEL-like_equatorial_sf

DUF4220

DUF4057

P-loop_NTPase

SVIP

5-3_exonuclease_C_sf

Saposin-like

Prkrip1

Kinesin_motor_dom_sf

Znf_CCCH_sf

Protein_kinase_ATP_BS

MCM_lid

Nse4/EID

YTH_domain

FH2_Formin_sf

BRCT_dom_sf

CuRO_1_AAO-like

Cyclin-like_sf

Plantacyanin

ssDNA-bd_transcriptional_reg

Cyclin

Znf_RING/FYVE/PHD

Histone-fold

Rad21/Rec8-like

Znf_CCCH_sf

PFU_sf

Tensin_phosphatase

KFase_sf

HATPase_C_sf

Toll_tir_struct_dom_sf

Histone_H2A_CS

Pr_cel_nuc_antig_CS

Glyco_hydro_9_His_AS DUF597

RlpA-like_sf

Histone_H2A_CS

HATPase_C_sf

NPL

LRR_dom_sf

NAP-like_sf

Cyclin

ATPase_NBD

LRR_dom_sf

BES1_N

WD40_repeat_dom_sf

CDC45

Cullin_repeat-like_dom_sf

Peptidase_S1_PA

WD40_repeat_dom_sf

Pesterase_At2g46

GIP1

CAND1/CAND2

Urease_linker

Kri1-like_C

RBD_domain_sf

ClpP/crotonase-like_dom_sf

TPR_repeat

WW_dom_sf

P-loop_NTPase

Palmitoyltrfase_DHHC

Nucleoporin_p58/p45

RBD_domain_sf

POLD3_sf

Myb-like_dom

Ser_caboxypep_his_AS

Cyclophilin-like_dom_sf

FANCI_S2

Znf_RanBP2_sf

Znf_RING/FYVE/PHD

Ubiquitin-activating_enz

SKP1-like_dim_sf

FAD/NAD-bd_sf

TOPRIM_DnaG/twinkle

CDCA7/CDA7L

Trp-tRNA-ligase_bac-type

PALE_CRESS

SRA-YDG_sf

RBD_domain_sf

DUF4057

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

PyrdxlP-dep_Trfase

Lys-tRNA-ligase_II_bac/euk

TPX2_C

TPR-like_helical_dom_sf

ICln/Lot5

Ntn_hydrolases_N

DUF630

5-3_exonuclease_C_sf

Csc1_N

TOPRIM_DnaG/twinkle

Ub-E1_IAD_1

Bin3-like

OGT/SEC/SPY_C

Ski3/TTC37

Arg-tRNA-synth_N_sf

BRCT_dom_sf

NAC_dom_sf

ARM-type_fold

TPR-like_helical_dom_sf

Tubulin/FtsZ_C_sf

Palmitoyltrfase_DHHC

DUF872_TM

WD40_repeat_dom_sf

Znf_C2H2_sf

TPR-like_helical_dom_sf

Cyclin-like_sf

MCM_complex-bd

ARM-type_fold

DYW_dom

Histone-fold

GASA

WH_DNA-bd_sf

CDI

SNF2-like_sf

Kinesin_motor_dom_sf

Bifun_inhib/LTP/seed_sf

Protein_kinase_ATP_BS

F-box-like_dom_sf

MCM_lid

LRR_dom_sf

PPM-type_dom_sf

BAH_sf

ClpA/ClpB_AAA_lid

DUF1771

Kinesin_motor_dom_sf

UDP_glucos_trans

TPR_repeat

Histone-fold

FANCM/Mph1-like

F-box-like_dom_sf

NPL

KOW_Spt5_6

Pyrv_Kinase-like_dom_sf

Sugar_P_trans_dom

Peptidase_M28B

Kinesin_motor_dom_sf

Tesmin/TSO1-like_CXC

P-loop_NTPase

Peptidase_S1_PA_chymotrypsin

RNaseH_sf

MutS_con_dom_sf

TPR-like_helical_dom_sf

MAP65_Ase1_PRC1

Aquaporin_transptr

FAD/NAD-bd_sf

CENP-T/H4_C

RBD_domain_sf

TPR-like_helical_dom_sf

KH_dom_type_1_sf

GIY-YIG_endonuc_sf

Histone-fold

tRNA_ligase_1

Histone-fold

PWWP_dom

Cyclin-like_sf

P-loop_NTPase

Centromere_Mis12

Protein_kinase_ATP_BS

MAM33_sf

HATPase_C_sf

Znf_RanBP2_sf

Tubulin/FtsZ_C_sf

DNA/RNA_pol_sf

INO80B/Ies2

HAUS3_N

Spo22/ZIP4/TEX11

Histone_H2A_CS

WD40_repeat_dom_sf

BAF250/Osa

RNR-like

TPX2_central_dom

TruB_C

FN3_sf

WPP_sf

NAD(P)-bd_dom_sf

ARD_euk

CENP-T/H4_C

FN3_sf

Anticodon-bd_dom_sf

HNH_nuc

Kinesin_motor_dom_sf

RNase_III_sf

GCFC_dom

Malectin-like_Carb-bd_dom

Histone_H2A_CS

Histone-fold

Peptidase_A22B_SPP

CENP-C/Mif2/cnp3

LRR_dom_sf

SCAR/WAVE_fam

DNA-bd_pseudobarrel_sf

VAP

RBD_domain_sf

Histone-fold

SAP_dom_sf

EXO1_H3TH

Palmitoyltrfase_DHHC

Myb_dom

NAC_dom_sf

Aminopeptidase_N-like_N

Rubisco_LSMT_subst-bd_sf

E3_ELL-like

C-N_Hydrolase_sf

Methyltransf_25

Glyco_hydro_9_Asp/Glu_AS

P-loop_NTPase

FBXO4

GCP_C_sf

Spc25

Peptidase_C15-like_sf

L24e/L24_sf

Rx_N

DNK_dom

WD40_repeat_dom_sf

DHS-like_NAD/FAD-binding_dom

Shugoshin_C

MCM_lid

DUF1618

TPR-like_helical_dom_sf

Sec8/EXOC4

APC1_C

IPNS-like

TOPRIM_TopoIII

CENP-T/H4_C

Papain-like_cys_pep_sf

NT-C2

POLD3_sf

MCM_lid

RibonucZ/Hydroxyglut_hydro

PEPTIDASE_A1

Oberon_PHD

CDI

ARM-type_fold

SE/Ars2

MAP70

Rrm1

Transl_init_fac_IF2/IF5_Zn-bd

WD40_repeat_dom_sf

TPR_repeat

WD40_repeat_dom_sf

WD40_repeat_dom_sf

VIR_N

Cit_transptr-like_dom

Aminotrans_V_PyrdxlP_BS

P-loop_NTPase

At4g26450-l ike

Histone-fold

AB_hydrolase

Papain-like_cys_pep_sf

Histone_H2A_CS

Marf1

Nup186/Nup192/Nup205

Ribosomal_L17_sf

CENP-T/H4_C

Lsm7

L40e_sf

WD40_repeat_dom_sf

DedA

LysM_dom_sf

Cyclin

DNA-bd_pseudobarrel_sf

WD40_repeat_dom_sf

Histone-fold

Mn/Fe_SOD_N_sf

CENP-T/H4_C

TPR-like_helical_dom_sf

TF_TCP_subgr

Papain-like_cys_pep_sf

Kinesin_motor_dom_sf

Subtilisin-like_FN3

HMG_box_dom_sf

GHD

Myb_dom

GOSR2/Membrin/Bos1

ATPase_NBD

Rad9

ARM-type_fold

STPPase_N

Histone-fold

P-loop_NTPase

Ankyrin_rpt-contain_sf

DUF3741-assoc

Histone-fold

WD40_repeat_dom_sf

Inner_centromere_prot_ARK-bd

HMA_dom_sf

Treslin_N

LRR_dom_sf

BAH_sf

RPL14_KOW

WH_DNA-bd_sf

WD40_repeat_dom_sf

WH_DNA-bd_sf

Ribosomal_L14_sf C-N_Hydrolase_sf

Histone-fold

Histone-fold

F-box-like_dom_sf

POLAR-like

Histone-fold

7-in-absentia-prot_TRAF-dom

CENP-T/H4_C

RBD_domain_sf

SUN_dom

Cyclin

Arg-tRNA-synth_N_sf

BRCT_dom_sf

Protein_kinase_ATP_BS

Sec3-PIP2_bind

LTSS

Nucleoporin_S59-like

DNA_primase_ssu_euk/arc

Condensin_barren_su2

AT_hook_DNA-bd_motif

Rossmann-like_a/b/a_fold

SWIB_MDM2_dom_sf

Lys-tRNA-synth_II_C

Ribosomal_S2_euk

Rho_N

CND3

Ankyrin_rpt-contain_sf

SKP1/BTB/POZ_sf

IF_rod_dom_coil1B

FAD/NAD-bd_sf

WD40/YVTN_repeat-like_dom_sf

ATPase_NBD

Histone_H2A_CS

LRR_dom_sf

Interferon-induced_GILT

Hist-Lys_N-MeTrfase_SET2_plant

P-loop_NTPase

P-loop_NTPase

RNA_pol_Rpb1_3_sf

Homeobox-like_sf

ORC_WH_C

Znf_CCCH_sf

DNA-bd_pseudobarrel_sf

IPNS-like

SSRP1_sf

CENP-T/H4_C

Ubiquitin-activating_enz

Protein_kinase_ATP_BS

XS_domain_sf

Pept_M16_N

DNA2/NAM7-like_C

CDCA7/CDA7L

Ankyrin_rpt-contain_sf

G_DYNAMIN_dom

P-loop_NTPase

Histone_H2A_CS

Nucleoporin_S59-like

Protein_kinase_ATP_BS

RNA_pol_Rpb2_2_sf

Pept_M16_N

AAA_lid_10

GROEL-like_equatorial_sf

CSN8_PSD8_EIF3K

Peptidase_S1_PA_chymotrypsin

KH_dom_type_1_sf

LRR_dom_sf

CENP-T/H4_C

MCD1

Ltv1

Znf_NHR/GATA

Chaperonin_GroES_sf

TPR_repeat

AB_hydrolase

P-loop_NTPase

Donson

DUF1666

GRIP_dom

CENP-T/H4_C

SBP_sf

RibonucZ/Hydroxyglut_hydro

SRA-YDG_sf

WH-like_DNA-bd_sf

REPA_OB_2

Myb_dom

Kinesin_motor_dom_sf

Kinesin_motor_dom_sf

LZ3wCH

Rx_N

GAGA-bd_tscrpt_act

F-box-like_dom_sf

MOM1

Hat1_N_sf

Sm_D1

Haem_peroxidase_sf

Histone_H2A_CS

G_ENGB_dom

His_Pase_VIP1

Alpha/beta_knot_MTases

FAS1_dom_sf

ClpP_His_AS

Cnd1_C LRR_dom_sf

TOPRIM_TopoIII

Anticodon-bd_dom_sf

Ribosomal_L10e/L16_sf

Cyclin

Protein_kinase_ATP_BS

F-box-like_dom_sf

HSP20-like_chaperone

Protein_kinase_ATP_BS

NOB1

Translin_sf

P-loop_NTPase

RFWD3

DYW_dom

Kelch-typ_b-propeller

ELYS_dom

MCM_lid

NT-C2

Pectin_lyase_fold/virulence

MutM-like_N-ter

Kinesin_motor_dom_sf

Papain-like_cys_pep_sf

RING-CH-C4HC3_LTN1

Rx_N

Fig4-like

TPR-like_helical_dom_sf

Histone-fold

TIF2_asu_C

CENP-T/H4_C

PheRS_DBD3

NUDIX_hydrolase-like_dom_sf

PUS1/PUS2-like

WHIM2_dom

SANTA

Protein_kinase_ATP_BS

WH_DNA-bd_sf

BAH_sf

IQ_motif_EF-hand-BS

tRNA-synt_1_cat_dom

Kinase-like_dom_sf

Histone_H2A_CS

WD40_repeat_dom_sf

LIN37

ARM-type_fold

UBQ-conjugating_enzyme/RWD

PyrdxlP-dep_Trfase

DBC1/CARP1_inactive_NUDIX_dom

CH_dom_sf

PP5_C

BPM_C

TAP42/TAP46-like_sf

PDCD2_C

DUF630

J_dom_sf

Histone-fold

Znf_RING/FYVE/PHD

Ankyrin_rpt-contain_sf

ABI

J_dom_sf

Papain-like_cys_pep_sf

FBD

FPF1

FAS1_dom_sf

SMR11/SMR16

C2_domain_sf

MutS_con_dom_sf

VAP

F-box-like_dom_sf

Histone-fold

Cytochrome_B561-rel

Cyclin-like_sf

UBQ-conjugating_enzyme/RWD

Znf_RING/FYVE/PHD

Tubulin/FtsZ_C_sf

Cyclophilin-like_dom_sf

WD40_repeat_dom_sf

MID_MedPIWI

LRR_dom_sf

L36e_sf

MCM_complex-bd

CRAL-TRIO_dom_sf

Rad21/Rec8-like

CRIB_dom_sf

TM_Fragile-X-F-assoc

EF-hand_13

CH_dom_sf

DYW_dom

ACR1-12

HORMA_dom_sf

SMC3_ABC_euk

Kinase-like_dom_sf

GRF

TPR-like_helical_dom_sf

LRR_dom_sf

Histone_H2A_CS

Papain-like_cys_pep_sf

Peptidase_C1A_papain-like

Myb-like_dom

Methylthiotransferase_N_sf

ALOG

HATPase_C_sf

ML_PG-PI_TP

NUP2/50/61

HATPase_C_sf

SWIB_MDM2_dom_sf

KH_dom_type_1_sf

TF_TCP_subgr

HATPase_C_sf

Znf_Dof

Cullin_repeat-like_dom_sf

Porin_Euk/Tom40

TPR-like_helical_dom_sf

Ribo_hydro-like

Histone-fold

PWWP_dom

Histone-fold

Cyclin

Protein_kinase_ATP_BS

Web

F-box-like_dom_sf

C2_domain_sf

ARM-type_fold

P-loop_NTPase

HMG_box_dom_sf

VAP

KH_dom_type_1_sf

Nucleoporin_S59-like

Histone-fold

RST

F-box-like_dom_sf

SEPARIN_core_dom

RBD_domain_sf

AMP-dep_Synthh-like_sf

7-in-absentia-prot_TRAF-dom

Histone_H2A_CS

Reticulon

FANCI_S2

Condensin_barren_su2

WD40_repeat_dom_sf

RlmI_PUA-like

RmlC-like_jellyroll

Prot-tyrosine_phosphatase-like

FAD/NAD-bd_sf

F-box-like_dom_sf

DNA-bd_pseudobarrel_sf

Frigida

LRR_dom_sf

Protein_kinase_ATP_BS

Scorpion_toxin-like_sf

LOR_sf

T_SNARE_dom

WH-like_DNA-bd_sf

CAF1A

Histone_H2A_CS

DCTPP

NAB

WD40_repeat_dom_sf

DUF630

GROEL-like_equatorial_sf

Protein_kinase_ATP_BS

PPP2R3C

Symplekin/Pta1_N

ARM-type_fold

tRNA_met_Trm1_C

Peptidase_S1_PA_chymotrypsin

Histone_H2A_C

Nse4/EID

AB_hydrolase

WD40_repeat_dom_sf

Class_I_gatase-like

Kinesin_motor_dom_sf

Znf_CCCH_sf

WD40_repeat_dom_sf

Histone-fold

RFA2-like

Protein_kinase_ATP_BS

Rossmann-like_a/b/a_fold

F-box-like_dom_sf

TPR-contain_dom

Jas

MCM_lid

NAD(P)-bd_dom_sf

HMG_box_dom_sf

PI3/4_kinase_cat_sf

COR413

TPR-like_helical_dom_sf

J_dom_sf

CRAL-TRIO_dom_sf

Nucleoporin_Nup155_C_3

Ankyrin_rpt-contain_sf

SNF2-like_sf

ExoRNase_PH_dom2_sf
MCM_lid

Metalthion_15p

Preph_deHydtase_CS

Cyclin

PSII_Pbs27_sf

LRR_dom_sf

CHUP1-like

Bub1/Mad3

MCRS_N

Ald_DH_CS_GLU

Kinesin_motor_dom_sf

LRR_dom_sf

ProX/PRXD1

CENP-T/H4_C

TPR-like_helical_dom_sf

Rx_N

Ras_GTPase_bind_prot

Histone-fold

SAUR_fam

Btz_dom

MutS_con_dom_sf

No t2 /3 /5

FH2_Formin_sf

Glycoside_hydrolase_SF

Myb_dom

RBD_domain_sf

Znf_RanBP2_sf

Zf-FLZ_dom

ICln/Lot5

HORMA_dom_sf

E2F-DP_heterodim

-1< -0.5 <10.50

Log2 Fold Change

Transcription factor

Node

Papain-like_cys_pep_sf

Kinesin_motor_dom_sf

RBD_domain_sf

Apc5

DNA_glycosylase

Papain-like_cys_pep_sf

BPM_C

LRR_dom_sf

Znf-CCCH_4

P-loop_NTPase

WD40_repeat_dom_sf

LRR_dom_sf

HAD-like_sf

ARM-type_fold

Whirly

BRCT_dom_sf

Web

FAD/NAD-bd_sf

Exp1_repeat_2

LRR_dom_sf

RecQ_Zn-bd

F-box-like_dom_sf

KH_dom_type_1_sf

Pre-SET_CXC

CDC45

Cdc24_OB3

MBD10/11

G_DYNAMIN_dom

Osmotin/thaumatin-like_sf

PInositol-4-P-5-kinase_N

MCM_lid

DUF1666

Znf_CCHC_sf

Branching_enzy

Histone_H2A_CS

Ankyrin_rpt-contain_sf

DUF1618

CCT_domain

TPR-like_helical_dom_sf

P-loop_NTPase

Aur

PWP2

Kinesin_motor_dom_sf

GAT_sf

Mad3/Bub1_I

HDGF-rel_PWWP

RBD_domain_sf

ARM-type_fold

At4g38062-l ike

Homeobox-like_sf

SNF2-like_sf

Znf_RING/FYVE/PHD

PRMT5_C

CSTF2_C_sf

Papain-like_cys_pep_sf

HAD_2

Kinesin_motor_dom_sf

TDU_repeat

Kinesin_motor_dom_sf

Fatty_acid_hydroxylase

WH_DNA-bd_sf

Znf_RING/FYVE/PHD

HABP4/SERBP1

Znf-4CXXC_R1

LSm5

Kinesin_motor_dom_sf

FBD

Glyco_hydro_3_N_sf

TPX2_C

MCM_lid

FAD/NAD-bd_sf

Kinesin_motor_dom_sf

BSD_dom

Ala_tRNA_ligase_euk/bac

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

NPC2-like

Rad51_DMC1_RadA

WD40_repeat_dom_sf
Kinase-like_dom_sf

WD40_repeat_dom_sf

SMAD_FHA_dom_sf

CHL1/DDX11

Myb_dom

Rad21/Rec8-like

Histone-fold

AB_hydrolase

Mpv17_PMP22

Pre-SET_CXC

F-box-like_dom_sf

RBD_domain_sf

BAG5/6/7/8

F-box-like_dom_sf

WD40_repeat_dom_sf

Ribosomal_S28e_CS

Retrotrans_gag_dom

Ribosomal_S24e_CS

Histone-fold

DYW_dom

DUF4283

G_DYNAMIN_dom

CRIB_dom_sf

SCC2/Nipped-B

P-loop_NTPase

TIF_eIF4e-like

Saposin-like

AB_hydrolase

Nop_C

RBD_domain_sf

Rrm1

VIR_N

DNA2/NAM7-like_C

TPR_repeat

Importin_beta

Ribosomal_L27/L41_mit

Shugoshin_C

Cyclin

RNaseH_sf

WD40_repeat_dom_sf

Protein_kinase_ATP_BS

Palmitoyltrfase_DHHC

WH-like_DNA-bd_sf

TPR-like_helical_dom_sf

Histone-fold

WD40_repeat_dom_sf

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

RNaseH_sf

CENP-T/H4_C

TopoI_DNA-bd_euk_N_sf

SWAP

GCP_N

AAA_lid_10

5-3_exonuclease_C_sf

WD40_repeat_dom_sf

HMA_dom_sfRUVBL2_DII

SNF2-like_sf

WD40_repeat_dom_sf

Znf_RING/FYVE/PHD

ClpA/ClpB_AAA_lid

AminoTfrase-like_pln_mobile

IQ_motif_EF-hand-BS

Uncharacterised_XH

PPR_long

Ribosomal_S3_C_sf

Vta1/CALS_N

FAD/NAD-bd_sf

WD40_repeat_dom_sf

Nucleoporin_S59-like

WD40_repeat_dom_sf

Kinesin_motor_dom_sf

ARM-type_fold

Las1

AAA_lid_3

REPA_OB_2

WH-like_DNA-bd_sf

Polycomb_protein_VEFS-Box

PTAC12

WH_DNA-bd_sf

HATPase_C_sf

P-loop_NTPase

Sin3-like

CENP-T/H4_C

TRANK1

ARM-type_fold

AT_hook_DNA-bd_motif

LRR_dom_sf

GROEL-like_equatorial_sf

Rx_N

DUF3741-assoc

Cyclin-like_sf

MAM33_sf

tRNA_met_Trm1_C

Ub-E1_IAD_1

Thioredoxin-like_sf

UCP016988

TAT_signal

Tubulin/FtsZ_C_sf

ATPase_NBD

HIBYL-CoA-H

HLH_DNA-bd_sf

Nse4/EID

F-box-like_dom_sf

F-box-like_dom_sf

SKP1/BTB/POZ_sf

HS1-bd

WH_DNA-bd_sf

Thymidate_synth/dCMP_Mease_sf

ARM-type_fold

PAH_sf

Mt_carrier_dom_sf

SAP_dom_sf

AldOxase/xan_DH_Mopterin-bd_sf

WAP

CHL1/DDX11

Remorin_C

RBD_domain_sf

GINS_bundle-like_dom_sf

RNA_pol_Rpb1_3_sf

NAA40

Cyclin

NAP-like_sf

TRHO_N

DUF1668_ORYSA

Nucellin

KH_dom_type_1_sf

RNaseH_sf

PPR_long

Znf_NHR/GATA

Metal_Hydrolase

RNA_pol-assoc_fac_A49-like

Znf_PHD-finger

Ribokinase-like

Cyclin

ARM-type_fold

TPR_repeat

Histone_H2A_C

MAM33_sf

Palmitoyltrfase_DHHC

BT1

TPR-like_helical_dom_sf
Protein_kinase_ATP_BS

Histone_H2A_CS

CHUP1-like

Btz_dom

BRCT_dom_sf

DNA-bd_pseudobarrel_sf

EME1/EME2_C

Kinesin_motor_dom_sf

Ebp2

DUF4378

KH_dom_type_1_sf

Dbr1_N

TPX2_central_dom

CRIB_dom_sf

X8

TruD_catalytic

TOG

Znf_RING/FYVE/PHD

Histone-fold

CENP-T/H4_C

P-loop_NTPase

MOM1

Coilin_N

Dev_and_cell_death_domain

F-box-like_dom_sf

DNA_pol_e_bsu_N

TOPRIM_DnaG/twinkle

GROEL-like_equatorial_sf

Condensin_barren_su2

DNA-bd_pseudobarrel_sf

Hect_E3_ubiquitin_ligase

WH_DNA-bd_sf

SAM-dependent_MTases

MAP65_Ase1_PRC1

Ubiquitin-like_domsf

WH-like_DNA-bd_sf

NAP-like_sf

TGT-like_sf

Anticodon_Met

Ipi1_N

FKS1-like_dom1

Cnd3_C

GAUT

P-loop_NTPase

DNA-bd_pseudobarrel_sf

THOC7/Mft1

L18e/L15P_sf

WD40_repeat_CS

SRA-YDG_sf

Znf_C2H2_sf

Protein_kinase_ATP_BS

J_dom_sf

Nucleoporin_S59-like

Rpb5-like

HSP20-like_chaperone

eIF3m_C_helix

Wound_ind

Histone_H2A_C

TPX2_central_dom

HLH_DNA-bd_sf

CENP-T/H4_C

ZN622/Rei1/Reh1_Znf-C2H2

CENP-T/H4_C

RBD_domain_sf

Subtilisin-like_FN3

AB_hydrolase

At4g38062-l ike

JASON

Snf7_fam

PheRS_beta_core

LRR_dom_sf

Frigida

ARID_dom_sf

HMG_box_dom_sf

F-box-like_dom_sf

Znf_RING/FYVE/PHD

At1g76660-l ike

Arg_succ_lyase_C

CuRO_3_LCC

Kinase-like_dom_sf

Histone-fold

Osmotin/thaumatin-like_sf

EDR4-like

Transketolase_C

Histone-fold

E2F-DP_heterodim

Nop14

Kinesin_motor_dom_sf

MutS_con_dom_sf

Cyclin

TPR-like_helical_dom_sf

CENP-T/H4_C

F-box-like_dom_sf

NOP9

Histone-fold

Mad3/Bub1_I

Glyco_trans_48

TPR_repeat

LRR_dom_sf

RBD_domain_sf

Ankyrin_rpt-contain_sf

AB_hydrolase

DUF4110

WD40_repeat_dom_sf

RNaseH-like_sf

SNF2-like_sf

Pds5

Dihydro-acid_dehy_C

SMC3_ABC_euk

Sugar_P_trans_dom

APC1_C

FAD-bd_PCMH-like_sf

Histone-fold

Sugar_P_trans_dom

Importin_beta

Lectin_gal-bd_sf

IF_2B-like_C

Ribosomal_S23/S29_mit

DNA-bd_pseudobarrel_sf

SMC4_ABC_euk

Ribosomal_L13_sf

Papain-like_cys_pep_sf

HABP4/SERBP1

Ndc80_sf

ARM-type_fold

J_dom_sf

FAS1_dom_sf

Zf-FLZ_dom

F-box-like_dom_sf

Alfin

Ribosomal_L39e_dom_sf

TPR-like_helical_dom_sf

ARM-type_fold

CuRO_1_LCC

UBQ-conjugating_AS

Histone-fold

MCM_lid

HLH_DNA-bd_sf

RBD_domain_sf

Cyt_P450_sf

Znf_CCCH

XS_domain_sf

RPL19

Clp_N_dom_sf

Dev_and_cell_death_domain

TAF1A-like

UPS_plant

TF_GRAS

NAD(P)-bd_dom_sf

SPX_dom

TPR-like_helical_dom_sf

NSP1/NUP62

Cyt_P450_sf

RLI_dom_1

DNA_primase_ssu_euk/arc

LRR_dom_sf

WD40_repeat_dom_sf

Peptidase_C1A_papain-like

MORF/ORRM1/DAG-like

LRR_dom_sf

LRR_dom_sf

CBS_dom

Kinesin_motor_dom_sf

LRR_dom_sf

RPN2_C

SMAD_FHA_dom_sf

PInositol-4-P-5-kinase_N

CENP-T/H4_C

DNA/RNA_pol_sf

WH_DNA-bd_sf

WH-like_DNA-bd_sf

SRP54_N_sf

P-loop_NTPase

Homeobox-like_sf

Nucleoporin_int_Nup93/Nic96

AtJ6-like

Ribosomal_S1/3_euk

APC1_C

DNA_pol_lamdba_lyase_dom_sf

Rx_N

WGR_dom_sf

Histone-fold

WH_DNA-bd_sf

CENP-T/H4_C

Histone-fold

TPR-like_helical_dom_sf

AAA_16

HisRS-like_core

XTH

PLC-like_Pdiesterase_TIM-brl

GBBH-like_N_sf

Znf_C3HC-like

HIT4

Pyrv_Kinase-like_dom_sf

F-box-like_dom_sf

ORC_WH_C
Znf_CCCH_sf

G_CP_dom

RBD_domain_sf

FH2_Formin_sf

SCC2/Nipped-B

LRR_dom_sf

Histone-fold

RPA43_OB

Histone-fold

DNA/RNA_pol_sf

PPM-type_dom_sf

Myb_dom

Puta_zinc/iron-chelating_dom

HABP4/SERBP1

Histone-fold

CRIB_dom_sf

SCD2-like

Mlo

Frigida

BRCT_dom_sf

Coilin_N

Prot-tyrosine_phosphatase-like

Cyt_P450_sf

UBQ-conjugating_enzyme/RWD

Protodermal_1

Importin_beta

Gyrase/topoIV_suA_C

HSP90_C

CDCA7/CDA7L

AAA_lid_10

P-loop_NTPase

Brix

Kelch-typ_b-propeller

RBD_domain_sf

HATPase_C_sf

WD40_repeat_dom_sf

ZCCHC10

WD40_repeat_dom_sf

LIN37

TBL

MBP2C

Porphobilinogen_deaminase_C_sf

PPM-type_dom_sf

LRR_dom_sf

At5g14285-l ike

Porin_dom_sf

AB_hydrolase

MAP70

SAM-dependent_MTases

WH_DNA-bd_sf

Osmotin/thaumatin-like_sf

Ald_DH_C

WH_DNA-bd_sf

MeTrfase_TrmA_CS

FucosylTrfase_pln

Cyclin

Scarecrow-like_28

TRAF-like

Dolichyldiphosphatase_PAP2

HIT4

RBD_domain_sf

MIP1_Leuzipper

WD40_repeat_dom_sf

Histone-fold

Kinase-like_dom_sf

Alba-like_dom_sf

F-box-like_dom_sf

Creatinase/aminopeptidase-like

Donson

TPR-like_helical_dom_sf

Histone_H2A_CS

WD40_repeat_dom_sf

VAP

ALG12

SWIB_MDM2_dom_sf

Choline_transptr-like

GROEL-like_equatorial_sf

Ald_DH_C

Histone-fold

HATPase_C_sf

Rho_N_sf

HLH_DNA-bd_sf

WD40/YVTN_repeat-like_dom_sf

ARM-type_fold

Whirly

Histone-fold

Histone-fold

cNMP-bd-like

MyosinXI_CBD

KELP

EPHD

F-box-like_dom_sf

CRIB_dom_sf

CENP-T/H4_C

RUVBL2_DII

Msp1

CENP-T/H4_C

Remorin_C

NAC_dom_sf

J_dom_sf

RBD_domain_sf

FANCM/Mph1-like

RuvB-like_C

CHUP1-like

NPH3/RPT2-like

UDP-sugar_pyrophosphorylase

YTH_domain

TRAF-like

M3A_MIP

Rad21/Rec8-like

AUX/IAA_dom

P-loop_NTPase

Prot_kin_Mps1_fam

J_dom_sf

cNMP-bd-like

CENP-T/H4_C

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

Histone_H2A_CS

Histone-fold

CENP-T/H4_C

Protein_kinase_ATP_BS

SNF2-like_sf

Kinesin_motor_dom_sf

Ub-E1_IAD_1

Znf_RING/FYVE/PHD

Glycoside_hydrolase_SF

Rossmann-like_a/b/a_fold

HMG_box_dom_sf

Protein_kinase_ATP_BS

Histone-fold

CENP-T/H4_C

WD40_repeat_dom_sf

RBD_domain_sf

Haem_Oase-like_multi-hlx

Kinesin_motor_dom_sf

FAS_N

vWFA_dom_sf

Sugar_P_trans_dom

SAM-dependent_MTases

DUF3741-assoc

F-box-like_dom_sf

SGNH_hydro_sf

TamB

WD40_repeat_dom_sf

Ras_GTPase_bind_prot

MAGE_WH2

WW_dom_sf

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

HIBYL-CoA-H

Agenet_dom_plant

EME1/EME2_C

TPR-like_helical_dom_sf

Saposin-like

TPR-like_helical_dom_sf

Protein_kinase_ATP_BS

NAB

Znf_PARP_sf

Scorpion_toxin-like_sf

P-loop_NTPase

MutS_con_dom_sf

TRAF-like

ARID_dom_sf

ELYS_dom

DUF502

Znf_C2H2_sf

Histone-fold

Mms4/EME1/EME2

WD40_repeat_dom_sf

MnmG_N

Histone-fold

Thioredoxin-like_sf

RNaseH_sf

USP7_ICP0-binding_dom

Ankyrin_rpt-contain_sf

Clp_N_dom_sf

WH_DNA-bd_sf

WRKY_dom_sf

TPR-like_helical_dom_sf

BAH_sf

Peptidase_S1_PA

Enolase-like_C_sf

Protein_kinase_ATP_BS

F-box-like_dom_sf

Myb_dom

Hat1_N_sf

Nup133-l ike

Histone_H2A_CS

SKP1/BTB/POZ_sf

snRNP-assoc_SmB/SmN

Histone-fold

WH_DNA-bd_sf

Rrm1

Hat1_N_sf

AS_sf

CAND1/CAND2

PADR1_dom_sf

TPR_repeat

Pds5

KH_dom_type_1_sf

Remorin_C

DNA_ligase_N_sf

TPR-like_helical_dom_sf

Nop52

Znf_RING/FYVE/PHD

Symplekin/Pta1_N

AAA_lid_3

Papain-like_cys_pep_sf

Histone_H2A_CS

Kinesin_motor_dom_sf

WH_DNA-bd_sf

SANT/Myb

MTERF_sf

FAM214/SPAC3H8.04_C

LRR_dom_sf

Interferon-induced_GILT

MCM_lid

LRR_dom_sf

J_dom_sf

NAD(P)-bd_dom_sf

WD40_repeat_dom_sf

HSP20-like_chaperone

Spt16

DNA-bd_pseudobarrel_sf

NAD(P)-bd_dom_sf

CRWN

Deoxycytidylate_deaminase_dom

Timeless_N

DNA-bd_pseudobarrel_sf

Ribokinase-like

AT_hook_DNA-bd_motif

Ribosomal_L14_sf

Histone-fold

SAM_MeTfrase_DRM

SWIB_MDM2_dom_sf

Endo/exonu/phosph_ase_sf

HLH_DNA-bd_sf

Cdc5p/Cef1

Protein_kinase_ATP_BS

MID_MedPIWI

Protein_kinase_ATP_BS

LRR_dom_sf

RBD_domain_sf

YTH_domain

DUF1618

Sm_D1

LRR_dom_sf

UBP13_Znf-UBP_var

WD40_repeat_dom_sf

FNR_nucleotide-bd

BRCT_dom_sf

MAM33_sf

Sugar_P_trans_dom

Histone-fold

WH_DNA-bd_sf

P-loop_NTPase

Ser_caboxypep_his_AS

Cystatin

Histone-fold

CENP-T/H4_C

FKS1-like_dom1

PWWP_dom

snRNA-activating_su3

TPR-like_helical_dom_sf

Histone-fold

Donson

NaCa_Exmemb

Sm_F

Myb-like_dom

Histone-fold

SBP_sf

Cyclin

RBD_domain_sf

Isy1_sf

Rx_N

Kinesin_motor_dom_sf

TPX2_central_dom

PH-like_dom_sf

vWFA_dom_sf

P-loop_NTPase

Ncaph2

DUF630

P-loop_NTPase

Protein_kinase_ATP_BS

SHOC1-like

AHL15-29

RST

WH_DNA-bd_sf

GROEL-like_equatorial_sf

Cyt_P450_sf

DNA/RNA_pol_sf

7-in-absentia-prot_TRAF-dom

DUF1618

Histone-fold

Histone-fold

ATPase_NBD

Kinesin_motor_dom_sf

F-box-like_dom_sf

ELYS_dom

Mlo

SWIB_MDM2_dom_sf

ExoRNase_PH_dom2_sf

MeTrfase_capping

PALE_CRESS

L30e-like

WGR_dom_sf

P-loop_NTPase

WD40_repeat_dom_sf

LRR_dom_sf

AUX/IAA_dom

Rx_N

Kinase-like_dom_sf

P-loop_NTPase

NAB

Papain-like_cys_pep_sf

Xant/urac/vitC

DNA2/NAM7-like_C

Znf_CCHC_sf

RNaseH_sf

G_CP_dom

RNA_pol_Rpb2_2_sf

Histone-fold

SRA-YDG_sf

WRC_dom

WH_DNA-bd_sf

Protein_kinase_ATP_BS

AUX/IAA_dom

ARM-type_fold

Papain-like_cys_pep_sf

WD40_repeat_dom_sf

P-loop_NTPase

Histone-fold

AB_hydrolase

P-loop_NTPase

WD40_repeat_dom_sf

GEBP

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

PI3/4_kinase_cat_sf
WD40_repeat_dom_sf

WPP_sf

Histone-fold

P-loop_NTPase

F-box-like_dom_sf

Znf_C2H2_type

CENP-T/H4_C

P-loop_NTPase

TD_ACT-like_sf

Ribosomal_S5_D2-typ_fold

Urb2/Npa2_C

Trigger_fac_ribosome-bd_sf

GGT_lsub_C

Histone-fold

SF3b_su1-like

SF3A3

RBD_domain_sf

AB_hydrolase

SANTA

RCC1/BLIP-II

IPNS-like

Histone-fold

GHD

G_ENGB_dom

F-box-like_dom_sf

Znf_PHD-finger

Histone-fold

P-loop_NTPase

BRX_N

TBL

Lectin_gal-bd_sf

RBD_domain_sf

L36e_sf

Histone-fold

Histone_H2A_CS

TRCF-like_C

CENP-T/H4_C

WH_DNA-bd_sf

WH_DNA-bd_sf

BRCT_dom_sf

GINS_bundle-like_dom_sf

Aur

RBD_domain_sf

IsoPropMal-DH-like_dom

Ubiquitin-activating_enz

Znf_RanBP2_sf

WD40_repeat_dom_sf

ATPase_NBD

Aquaporin_transptr

RBD_domain_sf

Histone-fold

Kinesin_motor_dom_sf

CASP_dom

HMG_box_dom_sf

Enolase-like_C_sf

Cupin_8

ClpA/ClpB_AAA_lid

MCM_lid

NDX

CTNNBL1

PFN_sf

TEX10/Ipi1

HRD

ARM-type_fold

NT_sf

C-N_Hydrolase_sf

aa-tRNA-synth_II

ARM-type_fold

CENP-T/H4_C

Glyco_hydro_1_N_CS

S1_dom

BLT-like

RBD_domain_sf

SRA-YDG_sf

WW_dom_sf

Rfa2

LRR_dom_sf

Importin_beta

P-loop_NTPase

P-loop_NTPase

CENP-T/H4_C

RibonucZ/Hydroxyglut_hydro

CENP-T/H4_C

Aldolase_TIM

NAD(P)-bd_dom_sf

CENP-T/H4_C

XS_domain_sf

LRR_dom_sf

G_ENGB_dom

LRR_dom_sf

Protein_kinase_ATP_BS

Kinesin_motor_dom_sf

AAA_lid_10

Histone-fold

Znf_RanBP2_sf

TPR-like_helical_dom_sf

Frigida

RNaseH_sf

WD40_repeat_dom_sf

F-box-like_dom_sf

RBD_domain_sf

HMA_dom_sf

TPR-like_helical_dom_sf

WH_DNA-bd_sf

MCM_lid

WD40_repeat_dom_sf

Znf_PHD-finger

Yippee_fam

RBD_domain_sf

DNA-bd_pseudobarrel_sf

Treslin_N

CENP-T/H4_C

SNF2-like_sf

RFA2-like

SNI1

GCP_N

Alfin

CAF1A

FAD/NAD-bd_sf

MTERF_sf

FH2_Formin_sf

Ribosomal_L7A/L8_sf

DUF2062

CENP-T/H4_C

MFS_trans_sf

Tubulin/FtsZ_GTPase_sf

MCM_complex-bd

SKP1-like_dim_sf

NAT12

Histone-fold

Nop52

TPR_repeat

Web

Kinesin_motor_dom_sf

CENP-T/H4_C

THO_THOC1

Pre-SET_CXC

P-loop_NTPase

LRR_dom_sf

Protein_kinase_ATP_BS

SAP_dom

Alpha/beta_knot_MTases

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

CRWN

MTERF_sf

NA-bd_OB-fold

Aur

NA-bd_OB-fold

ClpP/crotonase-like_dom_sf

AUX/IAA_dom

J_dom_sf

Histone_H2A_CS

Ankyrin_rpt-contain_sf

RBD_domain_sf

AN1-like_Znf

ASY3-like

PCI_dom

Nop_C

Cyclin

Ribosomal_L7A/L8_sf

CENP-T/H4_C

GRF

RNaseH_sf

SAM-dependent_MTases

TF_TCP_subgr

cNMP-bd-like

Dev_and_cell_death_domain

LRR_dom_sf

AP2/ERF_dom_sf

ARD_euk

ATX1/2_PHD

RNA_pol_III_Rpc5

5-3_exonuclease_C_sf

G_ERA_dom

P-loop_NTPase

ARM-type_fold

BRCT_dom_sf

WD40_repeat_dom_sf

WHIM1_dom

Protein_kinase_ATP_BS

RBD_domain_sf

EPHD

Znf_CCCH_sf

Kinesin_motor_dom_sf

Methyltr_RsmF_N

CENP-T/H4_C

DA1-like

SAM-dependent_MTases

RBD_domain_sf

Cyt_B5-like_heme/steroid_sf

Papain-like_cys_pep_sf

Znf_PHD-finger

Cdc5p/Cef1

Kinesin_motor_dom_sf

TopoI_DNA-bd_euk_N_sf

TBL

TBRG1

DUF3456

Histone-fold

Znf_C2H2_sf

C2_domain_sf

Lectin_gal-bd_sf

GINS_Psf3_sf

HLH_DNA-bd_sf

RNA_pol_Rpb1_3_sf

MIP1_Leuzipper

F-box-like_dom_sf

LRR_dom_sf

Kelch-typ_b-propeller

P-loop_NTPase

Znf_FYVE-rel

7-in-absentia-prot_TRAF-dom

DNA_primase_lsu_euk

WD40_repeat_dom_sf

PLP-binding_barrel

CHUP1-like

AN1-like_Znf

F-box-like_dom_sf

EXO1_H3TH

Mot2

HAD-like_sf

Ubiquitin-like_domsf

LRR_dom_sf

WD40_repeat_dom_sf

vWFA_dom_sf

DNA-bd_pseudobarrel_sf

J_dom_sf

WD40_repeat_dom_sf

ICR

WIYLD_dom_sf

Kinesin_motor_dom_sf

DUF295

WH_DNA-bd_sf

P-loop_NTPase

GCFC_dom

UBQ-conj_enz_E2-bd_prot

MTERF_sf

CENP-T/H4_C

LRR_dom_sf

DAGAT

UBP13_Znf-UBP_var

SMC_hinge_sf

MPP_PAP

WD40_repeat_dom_sf

PyrdxlP-dep_Trfase

SNO_AAA

TPR_repeat

CDC50/LEM3_fam

TPR-like_helical_dom_sf

AUX/IAA_dom

Myb-like_dom

IF_rod_dom_coil1B

BAH_sf

QWRF

P-loop_NTPase

SPARK

BRCT_dom_sf

T_SNARE_dom

TopoI_DNA-bd_euk_N_sf

DUF1668_ORYSA

P-loop_NTPase

WD40_repeat_dom_sf

P-loop_NTPase

ATAD3

Toll_tir_struct_dom_sf

GLE1-like_sf

Znf_LIM

UBL3-like

SWIB_MDM2_dom_sf

AP2/ERF_dom_sf

Cullin_homology_sf

Nup84/Nup107

DUF1421

RBD_domain_sf

CENP-T/H4_C

Transl_init_fac_IF2/IF5_Zn-bd

Myb_dom

DUF3615

Znf_RING_CS

FH2_Formin_sf

Tesmin/TSO1-like_CXC

AA_transpt_TM

GROEL-like_equatorial_sf

RBD_domain_sf

Methyltransf_25

Cytochrome_B561-rel

Ferritin-like_SF

Rossmann-like_a/b/a_fold

HMG_box_dom_sf

Pumilio_RNA-bd

TPR-like_helical_dom_sf

J_dom_sf

NAD(P)-bd_dom_sf

CSN8_PSD8_EIF3K

SNF2-like_sf

BRCA2_hlx_sf

Kinesin_motor_dom_sf

Thiolase_C

AAA_lid_3

ARM-type_fold

Lectin_gal-bd_sf

D15-l ike

N-reg_PII_CS

Glycoside_hydrolase_SF

Methyltransf_FA

Rrm1

Treslin_N

Pds5

Cyclin-like_sf

EIF3A

AB_hydrolase

J_dom_sf

GROEL-like_equatorial_sf

AAA_lid_3

P-loop_NTPase

LRR_dom_sf

DUF1668_ORYSA

CENP-T/H4_C

Protein_kinase_ATP_BS

P-loop_NTPase

Papain-like_cys_pep_sf

TruB_C

Rx_N

P-loop_NTPase

MCM_lid

ExoRNase_PH_dom2_sf

P-loop_NTPase

ChlI/MoxR_AAA_lid

Vid27

RNApol_insert_sf

NA-bd_OB-fold

SRA-YDG_sf

Web

SNF2-like_sf

MFS_trans_sf

Histone_H2A_CS

EME1/EME2_C

WH_DNA-bd_sf

WD40_repeat_dom_sf

Myb_dom

WD40_repeat_dom_sf

Histone_H2A_CS

DUF597

Nop_C

DNA_primase_lsu_euk

WH_DNA-bd_sf

Papain-like_cys_pep_sf

U5-116kDa_C

Cyclin

Ribosomal_L4_dom_sf

J_dom_sf

PADR1_dom_sf

Znf_RanBP2_sf

RNA_pol_Rpb1_3_sf

Znf_CCCH_sf

BRCT_dom_sf

Homeobox-like_sf

P-loop_NTPase

RBD_domain_sf

P-loop_NTPase

Mur_ligase_C_dom_sf

BAH_sf

LIM-bd/SEUSS

CSN8_PSD8_EIF3K

Band_7/SPFH_dom_sf

F-box-like_dom_sf

F-box-like_dom_sf

RBBP5/Swd1

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

PyrdxlP-dep_Trfase

Fan1-like

SKP1-like_dim_sf

DUF630

CENP-T/H4_C

LRR_dom_sf

RBD_domain_sf

CENP-T/H4_C

Glutathione-S-Trfase_C_sf

Rpn6_C_helix

Thioredoxin-like_sf

Dev_and_cell_death_domain

Thioredoxin-like_sf

CENP-T/H4_C

Znf_RanBP2_sf

P-loop_NTPase

WD40_repeat_dom_sf

DUF3741-assoc

CND3

Pyridoxal_P_attach_site

Znf_CCHC_sf

Ser_caboxypep_his_AS

GROEL-like_equatorial_sf

OCRE

AB_hydrolase

P-loop_NTPase

DUF4094

RBD_domain_sf

Gln_synt_N

Histone-fold

ClpA/ClpB_AAA_lid

DNA/RNA_pol_sf

F-box-like_dom_sf

SNF2-like_sf

DYW_dom

NUP88/NUP82

SSRP1_sf

Rpb5-like

Nup54_alpha-helical_dom

Rad50/SbcC_AAA

F-box-like_dom_sf

WRC_dom

SRA-YDG_sf

HMG_box_dom_sf

RNA_MTrfase_RlmN

SAM-dependent_MTases

Ribokinase-like

IPNS-like

EF_Hand_1_Ca_BS

BAH_sf

D15-l ike AUX/IAA_dom

BRX1

CDCA7/CDA7L

RibonucZ/Hydroxyglut_hydro

SRA-YDG_sf

Telomerase_RBD

PORR_domain

CENP-T/H4_C

Symplekin/Pta1_N

PyrdxlP-dep_Trfase

Ankyrin_rpt-contain_sf

TPX2_central_dom

CENP-T/H4_C

CENP-T/H4_C

RNaseH_sf

JASON

Tensin_phosphatase

7-in-absentia-prot_TRAF-dom

BRCT_dom_sf

GROEL-like_equatorial_sf

Pyrv_Kinase-like_dom_sf
P-loop_NTPase

Mad1

GROEL-like_equatorial_sf

Znf_RanBP2_sf

AS_sf

CRIB_dom_sf

Histone_H2A_CS

WH_DNA-bd_sf

TGA_domain

Subtilisin-like_FN3

Condensin2_G2

Alfin

MFS_trans_sf

Importin_beta

Peptidase_C65_otubain_sub2

Dis3_CSD2

SNF2-like_sf

Kinesin_motor_dom_sf

Ribokinase-like

EXOC6/Sec15_C_dom1

GROEL-like_equatorial_sf

UPF_Ycf55

TPR-like_helical_dom_sf

Nucleoporin_Nup155_C_3

FucosylTrfase_pln

CHUP1-like

ARM-type_fold

AUX/IAA_dom

Histone-fold

Diacylglyc_glucosyltr_N

Neprosin_propep

Kinesin_motor_dom_sf

MORF/ORRM1/DAG-like

Remorin_C

WD40_repeat_dom_sf

BEACH_dom_sf

BRCT_dom_sf

Met_Sox_Rdtase

Mre11_N

RNA_pol_Rpb1_3_sf

Agenet_dom_plant

TPR-like_helical_dom_sf

DUF5600

HMA_dom_sf

R3H_AAA

Gyrase/topoIV_suA_C

SAP_dom_sf

Znf_SWIM

Sec7_dom_sf

Cyclin/Ssn8

Kinesin_motor_dom_sf

Znf_RING/FYVE/PHD

MutS_con_dom_sf

ZPR1_Znf1/2

GrpE_coiled_coil

Pr_cel_nuc_antig_CS

WH_DNA-bd_sf

7-in-absentia-prot_TRAF-dom

Ras_GTPase_bind_prot

WGR_dom_sf

Fe-S-bd_prot_LdpA_C

Peptidase_S54_rhomboid_dom

SEPARIN_core_dom

Rrm1

TPR-like_helical_dom_sf

QWRF

RPB6/omega-like_sf

Pr_cel_nuc_antig_CS

Sugar_P_trans_dom

SSU_processome_Utp11

ALAD_AS

SMC4_ABC_euk

P-loop_NTPase

NA-bd_OB-fold

RNA_pol_Rpb1_3_sf

CNNM

DUF1666

Kinesin_motor_dom_sf

WH-like_DNA-bd_sf

WH_DNA-bd_sf

CAF1A

CENP-T/H4_C

SCAI
CENP-T/H4_C

CDI

Histone-fold

RNA_pol_Rpb2_2_sf

WD40_repeat_dom_sf

Kinesin_motor_dom_sf

DUF3527

J_dom_sf

XPO5

Histone_H2A_CS

AAA_lid_3

Cleav_polyA_spec_factor_su5

PIG-B/GPI10

Histone_H2A_CS

RNApol_insert_sf

MyosinXI_CBD

ABT1/Esf2

SHOC1-like

ATPase_NBD

Rho_GTPase_activation_prot

WD40_repeat_dom_sf

2Fe-2S_ferredoxin-like_sf

Ribosomal_S21e_sf

Pumilio_RNA-bd

VIP1_N

Osmotin/thaumatin-like_sf

Cyclin

His_deacetylse_dom_sf

IPNS-like

DHFR-like_dom_sf

RBD_domain_sf

S4_RNA-bd_sf

Haem_oxidase_HugZ-like_sf

WD40_repeat_dom_sf

Metal_Hydrolase

P-loop_NTPase

Subtilisin-like_FN3

Kinesin_motor_dom_sf

HMG_box_dom_sf

SKP1-like_dim_sf

DNA/RNA_pol_sf

Pectin_lyas_fold

DUF1618

PABP-dom

RBD_domain_sf

P-loop_NTPase

Glyco_hydro_63N_sf

TPR-like_helical_dom_sf

Rho_N_sf

Exp1_repeat_2

BRCT_dom_sf

M/V/L/I-tRNA-synth_anticd-bd

P-loop_NTPase

PolD2_C

Sec3_C

Histone-fold

WRKY_dom_sf

WD40_repeat_dom_sf

F-box-like_dom_sf

Aldolase_TIM

WD40_repeat_dom_sf

Ovate

RNA-dep_RNA_pol_euk-typ

DYW_dom

Histone-fold

DNA_pol_alpha_bsu

At5g01610-l ike

SUVR5_Znf-C2H2_3rpt

Myb_CC_LHEQLE

CENP-T/H4_C

Kinesin_motor_dom_sf

DNA/RNA_pol_sf

PEPTIDASE_A1

ABC1_TM_sf

Mt_carrier_dom_sf

Znf_C2H2_sf

HAD-like_sf

LRR_dom_sf

P-loop_NTPase

Rpn13/ADRM1_sf

Znf_RING/FYVE/PHD

CNDH2_C

DUF3769

AB_hydrolase

Quinoprotein_ADH-like_supfam

SMC_hinge_sf

NAT10

NA-bd_OB-fold

Leo1

JASON

UBP13_Znf-UBP_var

Zinc_finger_PHD-type_CS

RNaseH_sf

RBD_domain_sf

GSTT1/2/3

Dis3_CSD2

J_dom_sf

Tesmin/TSO1-like_CXC

Cyclophilin-like_dom_sf

Ser_caboxypep_his_AS

AP2/ERF_dom_sf

P-loop_NTPase

XPC-bd_sf

DUF936_pln
SMC_hinge_sf

CENP-T/H4_C

HAD-like_sf

TIF2_asu_C

CCR4-NOT_su2/3/5_N_sf

Kinesin_motor_dom_sf

UvrD/AddA_N

AUX/IAA_dom

ARM-type_fold

Haem_Oase-like_multi-hlx

Spt6_death-like

ICR

PWWP_dom

ARM-type_fold

Cyclophilin-like_dom_sf

WD40_repeat_dom_sf

WH-like_DNA-bd_sf

PNPase_PH_RNA-bd_sf

LRR_dom_sf

Bifun_inhib/LTP/seed_sf

PWI_dom_sf

Cyclin

WD40_repeat_dom_sf

Histone-fold

UCH_C

Ub-E1_IAD_1

Histone-fold

tRNA-synt_1_cat_dom

SDH_C

Myb-like_dom

Znf_C2H2_sf

bZIP

Chaperonin_GroES_sf

RBD_domain_sf

Shikimate/glucono_kinase

DUF597

EF_Hand_1_Ca_BS

TMEM14

Kinase-like_dom_sf

AUX/IAA_dom

Kinesin_motor_dom_sf

Znf_C3HC-like

WD40_repeat_dom_sf

DYW_dom

Znf_CCCH_sf

AB_hydrolase

MutS_con_dom_sf

BLT-like

BAH_sf

Metallo-depent_PP-like

Bromodomain-like_sf

Osmotin/thaumatin-like_sf

UFC

His_deacetylse_dom_sf

Glycoside_hydrolase_SF

MTERF_sf

MAU2

Plus3-like_sf

BKI1/MAKR1/3/4

Porin_dom_sf

DEK_C

Ntn_hydrolases_N

PUS1/PUS2-like

IF_rod_dom_coil1B

CSN3

TPR-like_helical_dom_sf

Peptidase_S1_PA

CENP-T/H4_C

Histone-fold

Exp1_repeat_2

Calcineurin-like_PHP_ApaH

DNA/RNA_pol_sf

COBRA_pln

MIP1_Leuzipper

MCM_lid

P-loop_NTPase

Importin_beta

MCM_lid

Rx_N

AB_hydrolase

AT_hook_DNA-bd_motif

WW_dom_sf

CHUP1-like

NAD(P)-bd_dom_sf

HMA_dom_sf

Kinesin_motor_dom_sf

ATAD3

P-loop_NTPase

WRKY_dom_sf

DUF842_euk

YqaJ_viral_recombinase

Porphobilinogen_deaminase_C_sf

RlpA-like_sf

GROEL-like_equatorial_sf

Homeobox-like_sf

LRR_dom_sf

CDC50/LEM3_fam

AS_sf

Cyclin

AUX/IAA_dom

Frigida

TPR_repeat

RBD_domain_sf

DYW_dom

RCC1/BLIP-II

Mcm10

RBD_domain_sf

BRCT_dom_sf

TBL

PInositol-4-P-5-kinase_N

DYW_dom

7-in-absentia-prot_TRAF-dom

RBD_domain_sf

X8

OGT/SEC/SPY_C

LRR_dom_sf

CSTF2_C_sf

Haem_oxidase_HugZ-like_sf

Histone-fold

GluRdtase_dimer_dom_sf

CENP-T/H4_C

SNF2-like_sf

DUF1668_ORYSA

RST

Protein_kinase_ATP_BS

WD40_repeat_dom_sf

RibonucZ/Hydroxyglut_hydro

Ribosomal_S5_D2-typ_fold

HTH_base_excis_C

Kinase-like_dom_sf

CDP-OH_PTrfase_TM_dom

Histone-fold

P-loop_NTPase

TPR-like_helical_dom_sf

Rx_N

WH-like_DNA-bd_sf

BKI1/MAKR1/3/4

Bulb-type_lectin_dom_sf

Cnd1_C

WD40_repeat_dom_sf

Kinesin_motor_dom_sf

Hect_E3_ubiquitin_ligase

Sec1-like_sf

AtJ6-like

Kinesin_motor_dom_sf

Anticodon_Met

SAM-dependent_MTases

LexA/Signal_pep-like_sf

ARID_dom_sf

Znf_C2H2_sf

Rossmann-like_a/b/a_fold

Histone-fold

Nucleoporin_Nup155_C_3

Ald_DH_CS_GLU

Clathrin_AP_dom2

BAH_sf

Histone-fold

AAA_lid_3

MRPL40

Toll_tir_struct_dom_sf

Condensin2_G2

PPR_long

DUF3741-assoc

WH-like_DNA-bd_sf

GIP1

REX4_DEDDh_dom

WH_DNA-bd_sf

TPR-like_helical_dom_sf

RBD_domain_sf

PORR_domain

Cyclophilin-like_dom_sf

WD40_repeat_dom_sf

XRI1

LRR_dom_sf

Znf_NHR/GATA

Noc2

Mediator_Med17

Znf_RING_CS

LRR_dom_sf

ARID_dom_sf

Glutathione-S-Trfase_C_sf

DUF3730

RBD_domain_sf

HCO3_transpt_C

BLT-like

Myb_dom

Clp_N_dom_sf

Histone-fold

Nup186/Nup192/Nup205

P-loop_NTPase

BRCT_dom_sf

DUF4057

AAA_lid_3

TPR-like_helical_dom_sf

MOCS2A

START-like_dom_sf

NAD(P)-bd_dom_sf

HMA_dom_sf

ARM-type_fold

Lsm14-like_N

LRR_dom_sf

Na+/solute_symporter_sf

GINS_Psf3_sf

VPS28_N_sf

Peptidase_M28

GROEL-like_equatorial_sf

EST1

ENT_dom-like_sf

CENP-T/H4_C

Pr_cel_nuc_antig_CS

ALOG_dom

ARM-type_fold

Histone-fold

KH_dom_type_1_sf

Ribosomal_L13_sf

Znf_C2H2_sf

AA_transpt_TM

Ribosomal_S11_sf

Subtilisin-like_FN3

MFS_trans_sf

HORMA_dom_sf

F-box-like_dom_sf

REF

AB_hydrolase

Histone-fold

Kinesin_motor_dom_sf

CRWN

Protein_kinase_ATP_BS

At2g23090-l ike

ARM-type_fold

Papain-like_cys_pep_sf

Kinesin_motor_dom_sf

RPA43_OB

Naf1

ICR

CuRO_3_LCC

RlpA-like_sf

GROEL-like_equatorial_sf

WD40_repeat_dom_sf

TPR-like_helical_dom_sf

SAP_dom_sf

BUD31/G10-rel_CS

Rrm1

Sm_D2

L24e/L24_sf

WH_DNA-bd_sf
SMG1_PIKKc

OPT

Znf_CCHC_sf

Secretory_peroxidase

NA-bd_OB-fold

PDCD2_C

Polycomb_protein_VEFS-Box

AB_hydrolase

BRCT_dom_sf

Histone_H2A_CS

DUF3527

NAC_dom_sf

BAH_sf

Secretory_peroxidase

Cohesin_Scc3/SA

WD40/YVTN_repeat-like_dom_sf

Znf_C3HC4_RING-type

Na+/solute_symporter_sf

DUF2232

Mpp10

Glycoside_hydrolase_SF

SNF2-like_sf

SAM-dependent_MTases

P-loop_NTPase

DAMP1_SANT-like

RBD_domain_sf

PGG_dom

Trypto_synt_PLP_dependent

AA_transpt_TM

CHL1/DDX11

Kinesin_motor_dom_sf

F-box-like_dom_sf

WH-like_DNA-bd_sf

GROEL-like_equatorial_sf

Papain-like_cys_pep_sf

F-box-like_dom_sf

Leo1

Kinesin_motor_dom_sf

Tubulin/FtsZ_C_sf

WH_DNA-bd_sf

ARM-type_fold

WH_DNA-bd_sf

SNF2-like_sf

Kinesin_motor_dom_sf

Histone-fold

DUF4487

Cytochrome_B561-rel

NRDE-2

RBD_domain_sf

LETM1_RBD

Kinesin_motor_dom_sf

Centromere_Mis12

THUMPD1-like

P-loop_NTPase

K+_transporter

Peptidase_S8/S53_dom_sf

Protein_kinase_ATP_BS

Flavoprotein-like_sf

Rx_N

Cleav_polyA_spec_factor_su5

L18e/L15P_sf

AI-2E-like

CENP-T/H4_C

GP_PDE_dom

WH_DNA-bd_sf

Rab-GTPase_TBC_sf

CLU-central

Kinesin_motor_dom_sf

ASF1-like_sf

RNaseH-like_sf

TRIAD_supradom

MTERF_sf

SNF2-like_sf

Histone_H2A_CS

SNF2-like_sf

Protein_kinase_ATP_BS

Ebp2

RRM_DME

Lectin_gal-bd_sf

Histone_H2A_CS

DNA_pol_e_bsu_N

DUF4005

RBD_domain_sf

Anticodon_Met

Mpv17_PMP22

Band_7/SPFH_dom_sf

F-box-like_dom_sf

RBBP5/Swd1

K+_transporter

P-loop_NTPase

RBD_domain_sf

CDCA7/CDA7L

AlkB-like_sf

Peptidase_S1_PA_chymotrypsin

CuRO_3_LCC

PADR1_dom_sf

DBC1/CARP1_inactive_NUDIX_dom

ClpA/ClpB_AAA_lid

DUF1618

Kinesin_motor_dom_sf

Branching_enzy

Myb_dom

BCAT-like_C

DNA-bd_pseudobarrel_sf

ABC1_TM_sf

FAD/NAD-bd_sf

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

P-loop_NTPase

Rx_N

LRR_dom_sf

YTH_domain

WHIM1_dom

WD40_repeat_dom_sf

SWEET_sugar_transpr

Peptidase_S1_PA_chymotrypsin

TIF_IF2_dom3_sf

Tubulin/FtsZ_GTPase_sf

RFWD3

DNA2/NAM7-like_C

TIF_IF2_dom3_sf

At3g27390-l ike

NUP2/50/61
LEA_2

YhbY-like_sf

RlpA-like_sf

TOG

Timeless_N

Kinesin_motor_dom_sf

RopGEF

Remorin_C

FKS1-like_dom1

DEK_C

P-loop_NTPase

DUF1618

WAP

RBD_domain_sf

SHOC1-like

P-loop_NTPase

AAA_lid_3

GIP1

Kinesin_motor_dom_sf

Nucleoporin_Seh1

Tubulin/FtsZ_C_sf

CENP-T/H4_C

Fe_hydrogenase

Agenet_dom_plant

Thioredoxin-like_sf

RBD_domain_sf

Znf_RING/FYVE/PHD

MnmG_N

PPR_long

RNaseH_sf

Histone-fold

Myb_dom

DNA-bd_pseudobarrel_sf

DNA2/NAM7-like_C

BCKD/PDK

Prp19

SWAP/Surp_sf

Znf_PHD-finger

ARM-type_fold

WD40/YVTN_repeat-like_dom_sf

MTERF_sf

ChlI/MoxR_AAA_lid

CENP-T/H4_C

CENP-T/H4_C

Enhancer_polycomb

Aquaporin_transptr

UDP_glucos_trans

5-3_exonuclease_C_sf

BRCT_dom_sf

PPR_long

Kinase-like_dom_sf

SNF2-like_sf

Histone-fold

eIF3l

Rx_N

Methylthiotransferase_N_sf

TPR-like_helical_dom_sf

MyosinXI_CBD

Histone-fold

Papain-like_cys_pep_sf

Dis3_CSD2

WH_DNA-bd_sf

SNF2-like_sf

TPR-like_helical_dom_sf

G6P_1-epimerase

Pept_M16_N

THOC2_N

Bromodomain-like_sf

Mms4/EME1/EME2

Nucellin

Kinesin_motor_dom_sf

ExoRNase_PH_dom2_sf

LRR_dom_sf

P-loop_NTPase

Agenet_dom_plant

Ribosomal_L27_CS

TPR-like_helical_dom_sf

DNA_primase_lsu_euk

WD40/YVTN_repeat-like_dom_sf

Ub-E1_IAD_1

Importin_beta

Kinesin_motor_dom_sf

HATPase_C_sf

Thioredoxin-like_sf

AB_hydrolase

DBC1/CARP1_inactive_NUDIX_dom

Importin_rep_4

RRM_DME

BPM_C

RNA_pol_Rpb2_2_sf

Kinase_OSR1/WNK_CCT

ARM-type_fold

TPR-like_helical_dom_sf

FAD-bd_PCMH-like_sf

MPP_PAP

WD40_repeat_dom_sf

RlpA-like_sf

Histone-fold

SGNH_hydro_sf

DUF630

FANCI_S2

RNaseH_sf

PyrdxlP-dep_Trfase

P-loop_NTPase

Histone_H2A_CS

Mpo1-l ike

Znf-4CXXC_R1

CDC45

WD40_repeat_dom_sf

Histone-fold

SAM-dependent_MTases

ABC1_TM_sf

Sugar_P_trans_dom

Protein_kinase_ATP_BS

Histone-fold

Cyt_B5-like_heme/steroid_sf

XS_domain_sf

PABP-dom

DNA-bd_dom_sf

DNA/RNA_pol_sf

Histone-fold

P-loop_NTPase

NAD(P)-bd_dom_sf

NAD(P)-bd_dom_sf

Kinesin_motor_dom_sf

NAT12

HMA_dom_sf

DUF3741-assoc

Cyclin

SMAD_FHA_dom_sf

IQ_motif_EF-hand-BS

F-box-like_dom_sf

GNK2_sf

Kinase-like_dom_sf

RBD_domain_sf

Jas

Histone_H2A_CS

Ribosomal_L5_N

Histone-fold

CENP-T/H4_C

POLYCHOME/GIG1

ATPase_NBD

Bulb-type_lectin_dom_sf

PC-Esterase

Histone-fold

Protein_kinase_ATP_BS

Ub-E1_IAD_1

Guanylate-bd_C_sf

CarbP_synth_ssu_N_sf

PCI_dom

PRIN2

Protein_kinase_ATP_BS

Ctf8

Cyclin

Uncharacterised_XH

PI3/4_kinase_cat_sf

SAP_dom

LOG_fam

DUF1668_ORYSA

P-loop_NTPase

DNA_ligase_N_sf

NAC_dom_sf

THDP-binding

Sugar_P_trans_dom

Protein_kinase_ATP_BS

LRR_dom_sf

Cyt_P450_sf

CSN5_C

P-loop_NTPase

Znf_C2H2_type

SWAP

WD40_repeat_dom_sf

FAD/NAD-bd_sf

LRR_dom_sf

Kdotransferase

MyTH4_dom_sf

POLAR-like

ER_stress-assoc

CAT_C

Rhodanese-like_dom_sf

HAD-like_sf

TPR-like_helical_dom_sf

MID_MedPIWI

TPR-like_helical_dom_sf

Ald_DH_CS_GLU

DUF1618

Myb/SANT-like_dom

SNF2-like_sf

GRDP-like

GIP1

FKS1-like_dom1

DAO_C_sf

His_deacetylse_dom_sf

Frigida

GRDP-like

SMAD_FHA_dom_sf

Sas10_C_dom

RNaseH_sf

DNA_primase_ssu_euk/arc

Ubiquitin-activating_enz

F-box-like_dom_sf

Ribokinase-like

STMP1

Znf_RING/FYVE/PHD

MBD10/11

Haem_Oase-like_multi-hlx

MAM33_sf

GINS_bundle-like_dom_sf

F-box-like_dom_sf

RibonucZ/Hydroxyglut_hydro

Aquaporin_transptr

Myb_dom

XPO5

Prot_kin_Mps1_fam

P-loop_NTPase

Anticodon_Ile_ABEc

Dev_and_cell_death_domain

SWIB_MDM2_dom_sf

WD40_repeat_dom_sf

RPN1_C

Glutathione-S-Trfase_C_sf

DNA2/NAM7-like_C

RNaseH_sf

CAT_C

WD40_repeat_dom_sf

TPX2_central_dom

Cyt_P450_sf

WH-like_DNA-bd_sf

SNF2-like_sf

Apc5_dom

RBD_domain_sf

Pumilio_RNA-bd

Creatinase/aminopeptidase-like

HAD-like_sf

GROEL-like_equatorial_sf

SNF2-like_sf

Cl-channel_core

Znf_C2H2_sf

PyrdxlP-dep_Trfase

Annexin_sf

DNA_ligase_N_sf

Nse4_C

Papain-like_cys_pep_sf

J_dom_sf

Znf_C2H2_sf

TOG

Rx_N

WD40_repeat_dom_sf

Kelch-typ_b-propeller

DUF630

TPR-like_helical_dom_sf

PEPCASE_His_AS

BLT-like

Condensin_barren_su2

CENP-T/H4_C

NAT10

TRCF-like_C

Cnd1_C

Endo/exonu/phosph_ase_sf

Serpin_sf_2

PMF1/Nnf1

Cnd1_C

GCP_C_sf

Rnp2-like_sf

Uncharacterised_XH

At4g38062-l ike

CRIB_dom_sf

MFS_trans_sf

Shugoshin_C

ARM-type_fold

P-loop_NTPase

CENP-T/H4_C

Kinase-like_dom_sf

PRMT5_C

Morc_S5

Hist-Lys_N-MeTrfase_SET2_plant

Ub-E1_IAD_1

His_deacetylse_dom_sf

DNA-bd_pseudobarrel_sf

NAD(P)-bd_dom_sf

SANT_dom

JASON

Ankyrin_rpt-contain_sf

DUF4378

Protein_kinase_ATP_BS

GROEL-like_equatorial_sf

DUF936_pln

Pr_cel_nuc_antig_CS

ORC6

TPR-like_helical_dom_sf

WH_DNA-bd_sf

SRA-YDG_sf

ClpA/ClpB_AAA_lid

Arg-tRNA-synth_N_sf

Donson

NAD(P)-bd_dom_sf

P-loop_NTPase

Histone-fold

AHL

RFWD3

NAD(P)-bd_dom_sf

CENP-T/H4_C

LRR_dom_sf

TPR-like_helical_dom_sf

TPR-like_helical_dom_sf

Rad50/SbcC_AAA

Kinesin_motor_dom_sf
CENP-T/H4_C

Endochitinase-like_sf

Ankyrin_rpt-contain_sf

Kinase-like_dom_sf

P-loop_NTPase

Nucellin

cNMP-bd-like

ExoRNase_PH_dom2_sf

Endo/exonu/phosph_ase_sf

WD40_repeat_dom_sf

CENP-T/H4_C

WD40_repeat_dom_sf

P-loop_NTPase

DNA_pol_alpha_bsu

Zf-FLZ_dom

CENP-T/H4_C

Condensin_barren_su2

Peptidase_C78_UfSP1/2

Thioredoxin-like_sf

Protein_kinase_ATP_BS

HSP20-like_chaperone

AAA_15

DNA2/NAM7-like_C

P-loop_NTPase

XPOT

PGAP5/Cdc1/Ted1

HDR1

Peptidase_S1_PA

NAC_dom_sf

Ncaph2

Chaperonin_GroES_sf

LRR_dom_sf

Vid27

WH-like_DNA-bd_sf

Subtilisin-like_FN3

Protein_kinase_ATP_BS

GIY-YIG_endonuc_sf

Thioredoxin-like_sf

MutS_con_dom_sf

Lsm7

BRCT_dom_sf

MATE_fam

RBD_domain_sf

DIRP

SH2_dom_sf

AAA_lid_3

RBD_domain_sf

WRC_dom

Histone_H2A_CS

Pept_tRNA_hydro_sf

Rfa2

Kinase-like_dom_sf

SAM-dependent_MTases

ZPR1_Znf1/2

UBQ-conjugating_enzyme/RWD

RNApol_insert_sf

ATX1/2_PHD

TF_TCP_subgr

RNaseH_sf

CRAL-TRIO_dom_sf

WH_DNA-bd_sf

TPR-like_helical_dom_sf

LIM-bd/SEUSS

Znf_PHD-finger

NAB

REF

F-box-like_dom_sf

HMG_box_dom_sf

Ribosomal_L23/L15e_core_dom_sf

NFRKB

snRNP-E

PPR_long

MAP65_Ase1_PRC1

Rx_N

GatB_C_1

NAC_dom_sf

KH_dom_type_1_sf WPP_sf

Cyclin

Alba-like_dom_sf

Znf_C2H2_type

Kinesin_motor_dom_sf

DAGAT

Ribosomal_S3_C_sf

TPR_repeat

GEBP

REPA_OB_2

P-loop_NTPase

Kinesin_motor_dom_sf

Znf_CCCH_sf

NUP2/50/61

Znf_RING/FYVE/PHD

RNaseH_sf

Protein_kinase_ATP_BS

AP2/ERF_dom_sf

HAD-like_sf

WD40_repeat_dom_sf

CENP-T/H4_C

Ribosomal_L7A/L8_sf

Cyt_P450_sf

CENP-T/H4_C

QWRF

Glycoside_hydrolase_SF

PolD2_C

BRCT_dom_sf

Myb-like_dom

YTH_domain

DNK_dom

ATPase_NBD

CENP-T/H4_C

Kinase-like_dom_sf

SRD5A/TECR

Histone_H2A_CS

WD40_repeat_dom_sf

Pyrv_Kinase-like_dom_sf

MCM_lid

DUF1639

F-box-like_dom_sf

Utp6

CDCA7/CDA7L

FH2_Formin_sf

RBD_domain_sf

CENP-T/H4_C

J_dom_sf

TPR-like_helical_dom_sf

RBD_domain_sf

Glyco_hydro_127

MCM_lid

Protein_kinase_ATP_BS

TPR-like_helical_dom_sf

Xant/urac/vitC

Atg6/beclin_CC

NAD(P)-bd_dom_sf

PH-like_dom_sf

FucosylTrfase_pln
Ald_DH_C

CBP80

ARM-type_fold

NAD(P)-bd_dom_sf

Histone-fold

RBD_domain_sf

MFS_trans_sf

Zinc_ribbon_12

NAD(P)-bd_dom_sf

HAD-like_sf

WHIM2_dom

L30e-like

Creatinase/aminopeptidase-like

mRNA_splic_Cwf21_dom

Cullin_repeat-like_dom_sf

TPR-like_helical_dom_sf

P-loop_NTPase

TPR-like_helical_dom_sf

SNF2-like_sf

HATPase_C_sf

TRIAD_supradom

TPR-like_helical_dom_sf

CSN5_C

S1_dom

PPR_long

TPR-like_helical_dom_sf

AA_transpt_TM

Cyclin

Histone-fold

NT_sf

ACOT13

CNNM

vWFA_dom_sf

Histone_H2A_CS

Znf_CCCH_sf

SNF2-like_sf

Prot-tyrosine_phosphatase-like

Germin_Mn-BS

Met-dep_prot_hydro

AUX/IAA_dom

RBD_domain_sf

Trypto_synt_PLP_dependent

Histone-fold

DUF1771

P-loop_NTPase

RibonucZ/Hydroxyglut_hydro

DUF4050

AA_transpt_TM

Kinesin_motor_dom_sf

Kinesin_motor_dom_sf

Protein_kinase_ATP_BS

MutS_con_dom_sf

Rx_N

U5-116kDa_C

CENP-T/H4_C

SNF2-like_sf

LRR_dom_sf

Histone-fold

DYW_dom

DUF3741-assoc

RBBP5/Swd1

GIR2-like

Histone-fold

SAC3/GANP/THP3

BRCT_dom_sf

Telomerase_RBD

Peptidase_S54_rhomboid_dom

Kinesin_motor_dom_sf

Cyt_P450_sf

HMA_dom_sf

Kinesin_motor_dom_sf

TPR-like_helical_dom_sf

F-box-like_dom_sf

Znf-4CXXC_R1

MED15_KIX

ASY3-like

LRR_dom_sf

Red-like

Nop_C

PolD2_C

D15-l ike

Histone_H2A_CS

ASF1-like_sf

Ankyrin_rpt-contain_sf

WD40_repeat_dom_sf

SMC4_ABC_euk

MATE_fam

RBD_domain_sf

Histone-fold

Cnd1_C

ABC1_TM_sf

NPH3_dom

MyTH4_dom_sf

Kinase-like_dom_sf

WD40_repeat_dom_sf

ASY3-like

HLH_DNA-bd_sf

Rx_N

CENP-T/H4_C

ZPR1_Znf1/2

Histone-fold

Cwf19-like

Znf_PHD-finger

Topless_fam

Pr_cel_nuc_antig_CS

IF_2B-like_C

AMP-dep_Synthh-like_sf

HAD-like_sf

P-loop_NTPase

WD40/YVTN_repeat-like_dom_sf

PFU_sf

RPN2_C

NAD(P)-bd_dom_sf

Znf_CCCH

CCT_domain

LRR_dom_sf

Myb_dom

CCT_domain

Cyt_P450_sf

HAD-like_sf

CENP-T/H4_C

ATPase_NBD

Scorpion_toxin-like_sf

PPR_long

Histone-fold

DEK_C

Tubulin/FtsZ_GTPase_sf

Myb_dom

LCCL_sf

EPFL

Protein_kinase_ATP_BS

WRKY_dom_sf

TPR-like_helical_dom_sf

P-loop_NTPase

Kinesin_motor_dom_sf

Kinesin_motor_dom_sf

Inositol_monoP_metal-BS

TPR-like_helical_dom_sf

GROEL-like_equatorial_sf

DUF4220

DUF4057

P-loop_NTPase

SVIP

5-3_exonuclease_C_sf

Saposin-like

Prkrip1

Kinesin_motor_dom_sf

Znf_CCCH_sf

Protein_kinase_ATP_BS

MCM_lid

Nse4/EID

YTH_domain

FH2_Formin_sf

BRCT_dom_sf

CuRO_1_AAO-like

Cyclin-like_sf

Plantacyanin

ssDNA-bd_transcriptional_reg

Cyclin

Znf_RING/FYVE/PHD

Histone-fold

Rad21/Rec8-like

Znf_CCCH_sf

PFU_sf

Tensin_phosphatase

KFase_sf

HATPase_C_sf

Toll_tir_struct_dom_sf

Histone_H2A_CS

Pr_cel_nuc_antig_CS

Glyco_hydro_9_His_AS DUF597

RlpA-like_sf

Histone_H2A_CS

HATPase_C_sf

NPL

LRR_dom_sf

NAP-like_sf

Cyclin

ATPase_NBD

LRR_dom_sf

BES1_N

WD40_repeat_dom_sf

CDC45

Cullin_repeat-like_dom_sf

Peptidase_S1_PA

WD40_repeat_dom_sf

Pesterase_At2g46

GIP1

CAND1/CAND2

Urease_linker

Kri1-like_C

RBD_domain_sf

ClpP/crotonase-like_dom_sf

TPR_repeat

WW_dom_sf

P-loop_NTPase

Palmitoyltrfase_DHHC

Nucleoporin_p58/p45

RBD_domain_sf

POLD3_sf

Myb-like_dom

Ser_caboxypep_his_AS

Cyclophilin-like_dom_sf

FANCI_S2

Znf_RanBP2_sf

Znf_RING/FYVE/PHD

Ubiquitin-activating_enz

SKP1-like_dim_sf

FAD/NAD-bd_sf

TOPRIM_DnaG/twinkle

CDCA7/CDA7L

Trp-tRNA-ligase_bac-type

PALE_CRESS

SRA-YDG_sf

RBD_domain_sf

DUF4057

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

PyrdxlP-dep_Trfase

Lys-tRNA-ligase_II_bac/euk

TPX2_C

TPR-like_helical_dom_sf

ICln/Lot5

Ntn_hydrolases_N

DUF630

5-3_exonuclease_C_sf

Csc1_N

TOPRIM_DnaG/twinkle

Ub-E1_IAD_1

Bin3-like

OGT/SEC/SPY_C

Ski3/TTC37

Arg-tRNA-synth_N_sf

BRCT_dom_sf

NAC_dom_sf

ARM-type_fold

TPR-like_helical_dom_sf

Tubulin/FtsZ_C_sf

Palmitoyltrfase_DHHC

DUF872_TM

WD40_repeat_dom_sf

Znf_C2H2_sf

TPR-like_helical_dom_sf

Cyclin-like_sf

MCM_complex-bd

ARM-type_fold

DYW_dom

Histone-fold

GASA

WH_DNA-bd_sf

CDI

SNF2-like_sf

Kinesin_motor_dom_sf

Bifun_inhib/LTP/seed_sf

Protein_kinase_ATP_BS

F-box-like_dom_sf

MCM_lid

LRR_dom_sf

PPM-type_dom_sf

BAH_sf

ClpA/ClpB_AAA_lid

DUF1771

Kinesin_motor_dom_sf

UDP_glucos_trans

TPR_repeat

Histone-fold

FANCM/Mph1-like

F-box-like_dom_sf

NPL

KOW_Spt5_6

Pyrv_Kinase-like_dom_sf

Sugar_P_trans_dom

Peptidase_M28B

Kinesin_motor_dom_sf

Tesmin/TSO1-like_CXC

P-loop_NTPase

Peptidase_S1_PA_chymotrypsin

RNaseH_sf

MutS_con_dom_sf

TPR-like_helical_dom_sf

MAP65_Ase1_PRC1

Aquaporin_transptr

FAD/NAD-bd_sf

CENP-T/H4_C

RBD_domain_sf

TPR-like_helical_dom_sf

KH_dom_type_1_sf

GIY-YIG_endonuc_sf

Histone-fold

tRNA_ligase_1

Histone-fold

PWWP_dom

Cyclin-like_sf

P-loop_NTPase

Centromere_Mis12

Protein_kinase_ATP_BS

MAM33_sf

HATPase_C_sf

Znf_RanBP2_sf

Tubulin/FtsZ_C_sf

DNA/RNA_pol_sf

INO80B/Ies2

HAUS3_N

Spo22/ZIP4/TEX11

Histone_H2A_CS

WD40_repeat_dom_sf

BAF250/Osa

RNR-like

TPX2_central_dom

TruB_C

FN3_sf

WPP_sf

NAD(P)-bd_dom_sf

ARD_euk

CENP-T/H4_C

FN3_sf

Anticodon-bd_dom_sf

HNH_nuc

Kinesin_motor_dom_sf

RNase_III_sf

GCFC_dom

Malectin-like_Carb-bd_dom

Histone_H2A_CS

Histone-fold

Peptidase_A22B_SPP

CENP-C/Mif2/cnp3

LRR_dom_sf

SCAR/WAVE_fam

DNA-bd_pseudobarrel_sf

VAP

RBD_domain_sf

Histone-fold

SAP_dom_sf

EXO1_H3TH

Palmitoyltrfase_DHHC

Myb_dom

NAC_dom_sf

Aminopeptidase_N-like_N

Rubisco_LSMT_subst-bd_sf

E3_ELL-like

C-N_Hydrolase_sf

Methyltransf_25

Glyco_hydro_9_Asp/Glu_AS

P-loop_NTPase

FBXO4

GCP_C_sf

Spc25

Peptidase_C15-like_sf

L24e/L24_sf

Rx_N

DNK_dom

WD40_repeat_dom_sf

DHS-like_NAD/FAD-binding_dom

Shugoshin_C

MCM_lid

DUF1618

TPR-like_helical_dom_sf

Sec8/EXOC4

APC1_C

IPNS-like

TOPRIM_TopoIII

CENP-T/H4_C

Papain-like_cys_pep_sf

NT-C2

POLD3_sf

MCM_lid

RibonucZ/Hydroxyglut_hydro

PEPTIDASE_A1

Oberon_PHD

CDI

ARM-type_fold

SE/Ars2

MAP70

Rrm1

Transl_init_fac_IF2/IF5_Zn-bd

WD40_repeat_dom_sf

TPR_repeat

WD40_repeat_dom_sf

WD40_repeat_dom_sf

VIR_N

Cit_transptr-like_dom

Aminotrans_V_PyrdxlP_BS

P-loop_NTPase

At4g26450-l ike

Histone-fold

AB_hydrolase

Papain-like_cys_pep_sf

Histone_H2A_CS

Marf1

Nup186/Nup192/Nup205

Ribosomal_L17_sf

CENP-T/H4_C

Lsm7

L40e_sf

WD40_repeat_dom_sf

DedA

LysM_dom_sf

Cyclin

DNA-bd_pseudobarrel_sf

WD40_repeat_dom_sf

Histone-fold

Mn/Fe_SOD_N_sf

CENP-T/H4_C

TPR-like_helical_dom_sf

TF_TCP_subgr

Papain-like_cys_pep_sf

Kinesin_motor_dom_sf

Subtilisin-like_FN3

HMG_box_dom_sf

GHD

Myb_dom

GOSR2/Membrin/Bos1

ATPase_NBD

Rad9

ARM-type_fold

STPPase_N

Histone-fold

P-loop_NTPase

Ankyrin_rpt-contain_sf

DUF3741-assoc

Histone-fold

WD40_repeat_dom_sf

Inner_centromere_prot_ARK-bd

HMA_dom_sf

Treslin_N

LRR_dom_sf

BAH_sf

RPL14_KOW

WH_DNA-bd_sf

WD40_repeat_dom_sf

WH_DNA-bd_sf

Ribosomal_L14_sf C-N_Hydrolase_sf

Histone-fold

Histone-fold

F-box-like_dom_sf

POLAR-like

Histone-fold

7-in-absentia-prot_TRAF-dom

CENP-T/H4_C

RBD_domain_sf

SUN_dom

Cyclin

Arg-tRNA-synth_N_sf

BRCT_dom_sf

Protein_kinase_ATP_BS

Sec3-PIP2_bind

LTSS

Nucleoporin_S59-like

DNA_primase_ssu_euk/arc

Condensin_barren_su2

AT_hook_DNA-bd_motif

Rossmann-like_a/b/a_fold

SWIB_MDM2_dom_sf

Lys-tRNA-synth_II_C

Ribosomal_S2_euk

Rho_N

CND3

Ankyrin_rpt-contain_sf

SKP1/BTB/POZ_sf

IF_rod_dom_coil1B

FAD/NAD-bd_sf

WD40/YVTN_repeat-like_dom_sf

ATPase_NBD

Histone_H2A_CS

LRR_dom_sf

Interferon-induced_GILT

Hist-Lys_N-MeTrfase_SET2_plant

P-loop_NTPase

P-loop_NTPase

RNA_pol_Rpb1_3_sf

Homeobox-like_sf

ORC_WH_C

Znf_CCCH_sf

DNA-bd_pseudobarrel_sf

IPNS-like

SSRP1_sf

CENP-T/H4_C

Ubiquitin-activating_enz

Protein_kinase_ATP_BS

XS_domain_sf

Pept_M16_N

DNA2/NAM7-like_C

CDCA7/CDA7L

Ankyrin_rpt-contain_sf

G_DYNAMIN_dom

P-loop_NTPase

Histone_H2A_CS

Nucleoporin_S59-like

Protein_kinase_ATP_BS

RNA_pol_Rpb2_2_sf

Pept_M16_N

AAA_lid_10

GROEL-like_equatorial_sf

CSN8_PSD8_EIF3K

Peptidase_S1_PA_chymotrypsin

KH_dom_type_1_sf

LRR_dom_sf

CENP-T/H4_C

MCD1

Ltv1

Znf_NHR/GATA

Chaperonin_GroES_sf

TPR_repeat

AB_hydrolase

P-loop_NTPase

Donson

DUF1666

GRIP_dom

CENP-T/H4_C

SBP_sf

RibonucZ/Hydroxyglut_hydro

SRA-YDG_sf

WH-like_DNA-bd_sf

REPA_OB_2

Myb_dom

Kinesin_motor_dom_sf

Kinesin_motor_dom_sf

LZ3wCH

Rx_N

GAGA-bd_tscrpt_act

F-box-like_dom_sf

MOM1

Hat1_N_sf

Sm_D1

Haem_peroxidase_sf

Histone_H2A_CS

G_ENGB_dom

His_Pase_VIP1

Alpha/beta_knot_MTases

FAS1_dom_sf

ClpP_His_AS

Cnd1_C LRR_dom_sf

TOPRIM_TopoIII

Anticodon-bd_dom_sf

Ribosomal_L10e/L16_sf

Cyclin

Protein_kinase_ATP_BS

F-box-like_dom_sf

HSP20-like_chaperone

Protein_kinase_ATP_BS

NOB1

Translin_sf

P-loop_NTPase

RFWD3

DYW_dom

Kelch-typ_b-propeller

ELYS_dom

MCM_lid

NT-C2

Pectin_lyase_fold/virulence

MutM-like_N-ter

Kinesin_motor_dom_sf

Papain-like_cys_pep_sf

RING-CH-C4HC3_LTN1

Rx_N

Fig4-like

TPR-like_helical_dom_sf

Histone-fold

TIF2_asu_C

CENP-T/H4_C

PheRS_DBD3

NUDIX_hydrolase-like_dom_sf

PUS1/PUS2-like

WHIM2_dom

SANTA

Protein_kinase_ATP_BS

WH_DNA-bd_sf

BAH_sf

IQ_motif_EF-hand-BS

tRNA-synt_1_cat_dom

Kinase-like_dom_sf

Histone_H2A_CS

WD40_repeat_dom_sf

LIN37

ARM-type_fold

UBQ-conjugating_enzyme/RWD

PyrdxlP-dep_Trfase

DBC1/CARP1_inactive_NUDIX_dom

CH_dom_sf

PP5_C

BPM_C

TAP42/TAP46-like_sf

PDCD2_C

DUF630

J_dom_sf

Histone-fold

Znf_RING/FYVE/PHD

Ankyrin_rpt-contain_sf

ABI

J_dom_sf

Papain-like_cys_pep_sf

FBD

FPF1

FAS1_dom_sf

SMR11/SMR16

C2_domain_sf

MutS_con_dom_sf

VAP

F-box-like_dom_sf

Histone-fold

Cytochrome_B561-rel

Cyclin-like_sf

UBQ-conjugating_enzyme/RWD

Znf_RING/FYVE/PHD

Tubulin/FtsZ_C_sf

Cyclophilin-like_dom_sf

WD40_repeat_dom_sf

MID_MedPIWI

LRR_dom_sf

L36e_sf

MCM_complex-bd

CRAL-TRIO_dom_sf

Rad21/Rec8-like

CRIB_dom_sf

TM_Fragile-X-F-assoc

EF-hand_13

CH_dom_sf

DYW_dom

ACR1-12

HORMA_dom_sf

SMC3_ABC_euk

Kinase-like_dom_sf

GRF

TPR-like_helical_dom_sf

LRR_dom_sf

Histone_H2A_CS

Papain-like_cys_pep_sf

Peptidase_C1A_papain-like

Myb-like_dom

Methylthiotransferase_N_sf

ALOG

HATPase_C_sf

ML_PG-PI_TP

NUP2/50/61

HATPase_C_sf

SWIB_MDM2_dom_sf

KH_dom_type_1_sf

TF_TCP_subgr

HATPase_C_sf

Znf_Dof

Cullin_repeat-like_dom_sf

Porin_Euk/Tom40

TPR-like_helical_dom_sf

Ribo_hydro-like

Histone-fold

PWWP_dom

Histone-fold

Cyclin

Protein_kinase_ATP_BS

Web

F-box-like_dom_sf

C2_domain_sf

ARM-type_fold

P-loop_NTPase

HMG_box_dom_sf

VAP

KH_dom_type_1_sf

Nucleoporin_S59-like

Histone-fold

RST

F-box-like_dom_sf

SEPARIN_core_dom

RBD_domain_sf

AMP-dep_Synthh-like_sf

7-in-absentia-prot_TRAF-dom

Histone_H2A_CS

Reticulon

FANCI_S2

Condensin_barren_su2

WD40_repeat_dom_sf

RlmI_PUA-like

RmlC-like_jellyroll

Prot-tyrosine_phosphatase-like

FAD/NAD-bd_sf

F-box-like_dom_sf

DNA-bd_pseudobarrel_sf

Frigida

LRR_dom_sf

Protein_kinase_ATP_BS

Scorpion_toxin-like_sf

LOR_sf

T_SNARE_dom

WH-like_DNA-bd_sf

CAF1A

Histone_H2A_CS

DCTPP

NAB

WD40_repeat_dom_sf

DUF630

GROEL-like_equatorial_sf

Protein_kinase_ATP_BS

PPP2R3C

Symplekin/Pta1_N

ARM-type_fold

tRNA_met_Trm1_C

Peptidase_S1_PA_chymotrypsin

Histone_H2A_C

Nse4/EID

AB_hydrolase

WD40_repeat_dom_sf

Class_I_gatase-like

Kinesin_motor_dom_sf

Znf_CCCH_sf

WD40_repeat_dom_sf

Histone-fold

RFA2-like

Protein_kinase_ATP_BS

Rossmann-like_a/b/a_fold

F-box-like_dom_sf

TPR-contain_dom

Jas

MCM_lid

NAD(P)-bd_dom_sf

HMG_box_dom_sf

PI3/4_kinase_cat_sf

COR413

TPR-like_helical_dom_sf

J_dom_sf

CRAL-TRIO_dom_sf

Nucleoporin_Nup155_C_3

Ankyrin_rpt-contain_sf

SNF2-like_sf

ExoRNase_PH_dom2_sf
MCM_lid

Metalthion_15p

Preph_deHydtase_CS

Cyclin

PSII_Pbs27_sf

LRR_dom_sf

CHUP1-like

Bub1/Mad3

MCRS_N

Ald_DH_CS_GLU

Kinesin_motor_dom_sf

LRR_dom_sf

ProX/PRXD1

CENP-T/H4_C

TPR-like_helical_dom_sf

Rx_N

Ras_GTPase_bind_prot

Histone-fold

SAUR_fam

Btz_dom

MutS_con_dom_sf

No t2 /3 /5

FH2_Formin_sf

Glycoside_hydrolase_SF

Myb_dom

RBD_domain_sf

Znf_RanBP2_sf

Zf-FLZ_dom

ICln/Lot5

HORMA_dom_sf

E2F-DP_heterodim

-1< -0.5 <10.50

Log2 Fold Change

Transcription factor

Node

Papain-like_cys_pep_sf

Kinesin_motor_dom_sf

RBD_domain_sf

Apc5

DNA_glycosylase

Papain-like_cys_pep_sf

BPM_C

LRR_dom_sf

Znf-CCCH_4

P-loop_NTPase

WD40_repeat_dom_sf

LRR_dom_sf

HAD-like_sf

ARM-type_fold

Whirly

BRCT_dom_sf

Web

FAD/NAD-bd_sf

Exp1_repeat_2

LRR_dom_sf

RecQ_Zn-bd

F-box-like_dom_sf

KH_dom_type_1_sf

Pre-SET_CXC

CDC45

Cdc24_OB3

MBD10/11

G_DYNAMIN_dom

Osmotin/thaumatin-like_sf

PInositol-4-P-5-kinase_N

MCM_lid

DUF1666

Znf_CCHC_sf

Branching_enzy

Histone_H2A_CS

Ankyrin_rpt-contain_sf

DUF1618

CCT_domain

TPR-like_helical_dom_sf

P-loop_NTPase

Aur

PWP2

Kinesin_motor_dom_sf

GAT_sf

Mad3/Bub1_I

HDGF-rel_PWWP

RBD_domain_sf

ARM-type_fold

At4g38062-l ike

Homeobox-like_sf

SNF2-like_sf

Znf_RING/FYVE/PHD

PRMT5_C

CSTF2_C_sf

Papain-like_cys_pep_sf

HAD_2

Kinesin_motor_dom_sf

TDU_repeat

Kinesin_motor_dom_sf

Fatty_acid_hydroxylase

WH_DNA-bd_sf

Znf_RING/FYVE/PHD

HABP4/SERBP1

Znf-4CXXC_R1

LSm5

Kinesin_motor_dom_sf

FBD

Glyco_hydro_3_N_sf

TPX2_C

MCM_lid

FAD/NAD-bd_sf

Kinesin_motor_dom_sf

BSD_dom

Ala_tRNA_ligase_euk/bac

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

NPC2-like

Rad51_DMC1_RadA

WD40_repeat_dom_sf
Kinase-like_dom_sf

WD40_repeat_dom_sf

SMAD_FHA_dom_sf

CHL1/DDX11

Myb_dom

Rad21/Rec8-like

Histone-fold

AB_hydrolase

Mpv17_PMP22

Pre-SET_CXC

F-box-like_dom_sf

RBD_domain_sf

BAG5/6/7/8

F-box-like_dom_sf

WD40_repeat_dom_sf

Ribosomal_S28e_CS

Retrotrans_gag_dom

Ribosomal_S24e_CS

Histone-fold

DYW_dom

DUF4283

G_DYNAMIN_dom

CRIB_dom_sf

SCC2/Nipped-B

P-loop_NTPase

TIF_eIF4e-like

Saposin-like

AB_hydrolase

Nop_C

RBD_domain_sf

Rrm1

VIR_N

DNA2/NAM7-like_C

TPR_repeat

Importin_beta

Ribosomal_L27/L41_mit

Shugoshin_C

Cyclin

RNaseH_sf

WD40_repeat_dom_sf

Protein_kinase_ATP_BS

Palmitoyltrfase_DHHC

WH-like_DNA-bd_sf

TPR-like_helical_dom_sf

Histone-fold

WD40_repeat_dom_sf

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

RNaseH_sf

CENP-T/H4_C

TopoI_DNA-bd_euk_N_sf

SWAP

GCP_N

AAA_lid_10

5-3_exonuclease_C_sf

WD40_repeat_dom_sf

HMA_dom_sfRUVBL2_DII

SNF2-like_sf

WD40_repeat_dom_sf

Znf_RING/FYVE/PHD

ClpA/ClpB_AAA_lid

AminoTfrase-like_pln_mobile

IQ_motif_EF-hand-BS

Uncharacterised_XH

PPR_long

Ribosomal_S3_C_sf

Vta1/CALS_N

FAD/NAD-bd_sf

WD40_repeat_dom_sf

Nucleoporin_S59-like

WD40_repeat_dom_sf

Kinesin_motor_dom_sf

ARM-type_fold

Las1

AAA_lid_3

REPA_OB_2

WH-like_DNA-bd_sf

Polycomb_protein_VEFS-Box

PTAC12

WH_DNA-bd_sf

HATPase_C_sf

P-loop_NTPase

Sin3-like

CENP-T/H4_C

TRANK1

ARM-type_fold

AT_hook_DNA-bd_motif

LRR_dom_sf

GROEL-like_equatorial_sf

Rx_N

DUF3741-assoc

Cyclin-like_sf

MAM33_sf

tRNA_met_Trm1_C

Ub-E1_IAD_1

Thioredoxin-like_sf

UCP016988

TAT_signal

Tubulin/FtsZ_C_sf

ATPase_NBD

HIBYL-CoA-H

HLH_DNA-bd_sf

Nse4/EID

F-box-like_dom_sf

F-box-like_dom_sf

SKP1/BTB/POZ_sf

HS1-bd

WH_DNA-bd_sf

Thymidate_synth/dCMP_Mease_sf

ARM-type_fold

PAH_sf

Mt_carrier_dom_sf

SAP_dom_sf

AldOxase/xan_DH_Mopterin-bd_sf

WAP

CHL1/DDX11

Remorin_C

RBD_domain_sf

GINS_bundle-like_dom_sf

RNA_pol_Rpb1_3_sf

NAA40

Cyclin

NAP-like_sf

TRHO_N

DUF1668_ORYSA

Nucellin

KH_dom_type_1_sf

RNaseH_sf

PPR_long

Znf_NHR/GATA

Metal_Hydrolase

RNA_pol-assoc_fac_A49-like

Znf_PHD-finger

Ribokinase-like

Cyclin

ARM-type_fold

TPR_repeat

Histone_H2A_C

MAM33_sf

Palmitoyltrfase_DHHC

BT1

TPR-like_helical_dom_sf
Protein_kinase_ATP_BS

Histone_H2A_CS

CHUP1-like

Btz_dom

BRCT_dom_sf

DNA-bd_pseudobarrel_sf

EME1/EME2_C

Kinesin_motor_dom_sf

Ebp2

DUF4378

KH_dom_type_1_sf

Dbr1_N

TPX2_central_dom

CRIB_dom_sf

X8

TruD_catalytic

TOG

Znf_RING/FYVE/PHD

Histone-fold

CENP-T/H4_C

P-loop_NTPase

MOM1

Coilin_N

Dev_and_cell_death_domain

F-box-like_dom_sf

DNA_pol_e_bsu_N

TOPRIM_DnaG/twinkle

GROEL-like_equatorial_sf

Condensin_barren_su2

DNA-bd_pseudobarrel_sf

Hect_E3_ubiquitin_ligase

WH_DNA-bd_sf

SAM-dependent_MTases

MAP65_Ase1_PRC1

Ubiquitin-like_domsf

WH-like_DNA-bd_sf

NAP-like_sf

TGT-like_sf

Anticodon_Met

Ipi1_N

FKS1-like_dom1

Cnd3_C

GAUT

P-loop_NTPase

DNA-bd_pseudobarrel_sf

THOC7/Mft1

L18e/L15P_sf

WD40_repeat_CS

SRA-YDG_sf

Znf_C2H2_sf

Protein_kinase_ATP_BS

J_dom_sf

Nucleoporin_S59-like

Rpb5-like

HSP20-like_chaperone

eIF3m_C_helix

Wound_ind

Histone_H2A_C

TPX2_central_dom

HLH_DNA-bd_sf

CENP-T/H4_C

ZN622/Rei1/Reh1_Znf-C2H2

CENP-T/H4_C

RBD_domain_sf

Subtilisin-like_FN3

AB_hydrolase

At4g38062-l ike

JASON

Snf7_fam

PheRS_beta_core

LRR_dom_sf

Frigida

ARID_dom_sf

HMG_box_dom_sf

F-box-like_dom_sf

Znf_RING/FYVE/PHD

At1g76660-l ike

Arg_succ_lyase_C

CuRO_3_LCC

Kinase-like_dom_sf

Histone-fold

Osmotin/thaumatin-like_sf

EDR4-like

Transketolase_C

Histone-fold

E2F-DP_heterodim

Nop14

Kinesin_motor_dom_sf

MutS_con_dom_sf

Cyclin

TPR-like_helical_dom_sf

CENP-T/H4_C

F-box-like_dom_sf

NOP9

Histone-fold

Mad3/Bub1_I

Glyco_trans_48

TPR_repeat

LRR_dom_sf

RBD_domain_sf

Ankyrin_rpt-contain_sf

AB_hydrolase

DUF4110

WD40_repeat_dom_sf

RNaseH-like_sf

SNF2-like_sf

Pds5

Dihydro-acid_dehy_C

SMC3_ABC_euk

Sugar_P_trans_dom

APC1_C

FAD-bd_PCMH-like_sf

Histone-fold

Sugar_P_trans_dom

Importin_beta

Lectin_gal-bd_sf

IF_2B-like_C

Ribosomal_S23/S29_mit

DNA-bd_pseudobarrel_sf

SMC4_ABC_euk

Ribosomal_L13_sf

Papain-like_cys_pep_sf

HABP4/SERBP1

Ndc80_sf

ARM-type_fold

J_dom_sf

FAS1_dom_sf

Zf-FLZ_dom

F-box-like_dom_sf

Alfin

Ribosomal_L39e_dom_sf

TPR-like_helical_dom_sf

ARM-type_fold

CuRO_1_LCC

UBQ-conjugating_AS

Histone-fold

MCM_lid

HLH_DNA-bd_sf

RBD_domain_sf

Cyt_P450_sf

Znf_CCCH

XS_domain_sf

RPL19

Clp_N_dom_sf

Dev_and_cell_death_domain

TAF1A-like

UPS_plant

TF_GRAS

NAD(P)-bd_dom_sf

SPX_dom

TPR-like_helical_dom_sf

NSP1/NUP62

Cyt_P450_sf

RLI_dom_1

DNA_primase_ssu_euk/arc

LRR_dom_sf

WD40_repeat_dom_sf

Peptidase_C1A_papain-like

MORF/ORRM1/DAG-like

LRR_dom_sf

LRR_dom_sf

CBS_dom

Kinesin_motor_dom_sf

LRR_dom_sf

RPN2_C

SMAD_FHA_dom_sf

PInositol-4-P-5-kinase_N

CENP-T/H4_C

DNA/RNA_pol_sf

WH_DNA-bd_sf

WH-like_DNA-bd_sf

SRP54_N_sf

P-loop_NTPase

Homeobox-like_sf

Nucleoporin_int_Nup93/Nic96

AtJ6-like

Ribosomal_S1/3_euk

APC1_C

DNA_pol_lamdba_lyase_dom_sf

Rx_N

WGR_dom_sf

Histone-fold

WH_DNA-bd_sf

CENP-T/H4_C

Histone-fold

TPR-like_helical_dom_sf

AAA_16

HisRS-like_core

XTH

PLC-like_Pdiesterase_TIM-brl

GBBH-like_N_sf

Znf_C3HC-like

HIT4

Pyrv_Kinase-like_dom_sf

F-box-like_dom_sf

ORC_WH_C
Znf_CCCH_sf

G_CP_dom

RBD_domain_sf

FH2_Formin_sf

SCC2/Nipped-B

LRR_dom_sf

Histone-fold

RPA43_OB

Histone-fold

DNA/RNA_pol_sf

PPM-type_dom_sf

Myb_dom

Puta_zinc/iron-chelating_dom

HABP4/SERBP1

Histone-fold

CRIB_dom_sf

SCD2-like

Mlo

Frigida

BRCT_dom_sf

Coilin_N

Prot-tyrosine_phosphatase-like

Cyt_P450_sf

UBQ-conjugating_enzyme/RWD

Protodermal_1

Importin_beta

Gyrase/topoIV_suA_C

HSP90_C

CDCA7/CDA7L

AAA_lid_10

P-loop_NTPase

Brix

Kelch-typ_b-propeller

RBD_domain_sf

HATPase_C_sf

WD40_repeat_dom_sf

ZCCHC10

WD40_repeat_dom_sf

LIN37

TBL

MBP2C

Porphobilinogen_deaminase_C_sf

PPM-type_dom_sf

LRR_dom_sf

At5g14285-l ike

Porin_dom_sf

AB_hydrolase

MAP70

SAM-dependent_MTases

WH_DNA-bd_sf

Osmotin/thaumatin-like_sf

Ald_DH_C

WH_DNA-bd_sf

MeTrfase_TrmA_CS

FucosylTrfase_pln

Cyclin

Scarecrow-like_28

TRAF-like

Dolichyldiphosphatase_PAP2

HIT4

RBD_domain_sf

MIP1_Leuzipper

WD40_repeat_dom_sf

Histone-fold

Kinase-like_dom_sf

Alba-like_dom_sf

F-box-like_dom_sf

Creatinase/aminopeptidase-like

Donson

TPR-like_helical_dom_sf

Histone_H2A_CS

WD40_repeat_dom_sf

VAP

ALG12

SWIB_MDM2_dom_sf

Choline_transptr-like

GROEL-like_equatorial_sf

Ald_DH_C

Histone-fold

HATPase_C_sf

Rho_N_sf

HLH_DNA-bd_sf

WD40/YVTN_repeat-like_dom_sf

ARM-type_fold

Whirly

Histone-fold

Histone-fold

cNMP-bd-like

MyosinXI_CBD

KELP

EPHD

F-box-like_dom_sf

CRIB_dom_sf

CENP-T/H4_C

RUVBL2_DII

Msp1

CENP-T/H4_C

Remorin_C

NAC_dom_sf

J_dom_sf

RBD_domain_sf

FANCM/Mph1-like

RuvB-like_C

CHUP1-like

NPH3/RPT2-like

UDP-sugar_pyrophosphorylase

YTH_domain

TRAF-like

M3A_MIP

Rad21/Rec8-like

AUX/IAA_dom

P-loop_NTPase

Prot_kin_Mps1_fam

J_dom_sf

cNMP-bd-like

CENP-T/H4_C

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

Histone_H2A_CS

Histone-fold

CENP-T/H4_C

Protein_kinase_ATP_BS

SNF2-like_sf

Kinesin_motor_dom_sf

Ub-E1_IAD_1

Znf_RING/FYVE/PHD

Glycoside_hydrolase_SF

Rossmann-like_a/b/a_fold

HMG_box_dom_sf

Protein_kinase_ATP_BS

Histone-fold

CENP-T/H4_C

WD40_repeat_dom_sf

RBD_domain_sf

Haem_Oase-like_multi-hlx

Kinesin_motor_dom_sf

FAS_N

vWFA_dom_sf

Sugar_P_trans_dom

SAM-dependent_MTases

DUF3741-assoc

F-box-like_dom_sf

SGNH_hydro_sf

TamB

WD40_repeat_dom_sf

Ras_GTPase_bind_prot

MAGE_WH2

WW_dom_sf

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

HIBYL-CoA-H

Agenet_dom_plant

EME1/EME2_C

TPR-like_helical_dom_sf

Saposin-like

TPR-like_helical_dom_sf

Protein_kinase_ATP_BS

NAB

Znf_PARP_sf

Scorpion_toxin-like_sf

P-loop_NTPase

MutS_con_dom_sf

TRAF-like

ARID_dom_sf

ELYS_dom

DUF502

Znf_C2H2_sf

Histone-fold

Mms4/EME1/EME2

WD40_repeat_dom_sf

MnmG_N

Histone-fold

Thioredoxin-like_sf

RNaseH_sf

USP7_ICP0-binding_dom

Ankyrin_rpt-contain_sf

Clp_N_dom_sf

WH_DNA-bd_sf

WRKY_dom_sf

TPR-like_helical_dom_sf

BAH_sf

Peptidase_S1_PA

Enolase-like_C_sf

Protein_kinase_ATP_BS

F-box-like_dom_sf

Myb_dom

Hat1_N_sf

Nup133-l ike

Histone_H2A_CS

SKP1/BTB/POZ_sf

snRNP-assoc_SmB/SmN

Histone-fold

WH_DNA-bd_sf

Rrm1

Hat1_N_sf

AS_sf

CAND1/CAND2

PADR1_dom_sf

TPR_repeat

Pds5

KH_dom_type_1_sf

Remorin_C

DNA_ligase_N_sf

TPR-like_helical_dom_sf

Nop52

Znf_RING/FYVE/PHD

Symplekin/Pta1_N

AAA_lid_3

Papain-like_cys_pep_sf

Histone_H2A_CS

Kinesin_motor_dom_sf

WH_DNA-bd_sf

SANT/Myb

MTERF_sf

FAM214/SPAC3H8.04_C

LRR_dom_sf

Interferon-induced_GILT

MCM_lid

LRR_dom_sf

J_dom_sf

NAD(P)-bd_dom_sf

WD40_repeat_dom_sf

HSP20-like_chaperone

Spt16

DNA-bd_pseudobarrel_sf

NAD(P)-bd_dom_sf

CRWN

Deoxycytidylate_deaminase_dom

Timeless_N

DNA-bd_pseudobarrel_sf

Ribokinase-like

AT_hook_DNA-bd_motif

Ribosomal_L14_sf

Histone-fold

SAM_MeTfrase_DRM

SWIB_MDM2_dom_sf

Endo/exonu/phosph_ase_sf

HLH_DNA-bd_sf

Cdc5p/Cef1

Protein_kinase_ATP_BS

MID_MedPIWI

Protein_kinase_ATP_BS

LRR_dom_sf

RBD_domain_sf

YTH_domain

DUF1618

Sm_D1

LRR_dom_sf

UBP13_Znf-UBP_var

WD40_repeat_dom_sf

FNR_nucleotide-bd

BRCT_dom_sf

MAM33_sf

Sugar_P_trans_dom

Histone-fold

WH_DNA-bd_sf

P-loop_NTPase

Ser_caboxypep_his_AS

Cystatin

Histone-fold

CENP-T/H4_C

FKS1-like_dom1

PWWP_dom

snRNA-activating_su3

TPR-like_helical_dom_sf

Histone-fold

Donson

NaCa_Exmemb

Sm_F

Myb-like_dom

Histone-fold

SBP_sf

Cyclin

RBD_domain_sf

Isy1_sf

Rx_N

Kinesin_motor_dom_sf

TPX2_central_dom

PH-like_dom_sf

vWFA_dom_sf

P-loop_NTPase

Ncaph2

DUF630

P-loop_NTPase

Protein_kinase_ATP_BS

SHOC1-like

AHL15-29

RST

WH_DNA-bd_sf

GROEL-like_equatorial_sf

Cyt_P450_sf

DNA/RNA_pol_sf

7-in-absentia-prot_TRAF-dom

DUF1618

Histone-fold

Histone-fold

ATPase_NBD

Kinesin_motor_dom_sf

F-box-like_dom_sf

ELYS_dom

Mlo

SWIB_MDM2_dom_sf

ExoRNase_PH_dom2_sf

MeTrfase_capping

PALE_CRESS

L30e-like

WGR_dom_sf

P-loop_NTPase

WD40_repeat_dom_sf

LRR_dom_sf

AUX/IAA_dom

Rx_N

Kinase-like_dom_sf

P-loop_NTPase

NAB

Papain-like_cys_pep_sf

Xant/urac/vitC

DNA2/NAM7-like_C

Znf_CCHC_sf

RNaseH_sf

G_CP_dom

RNA_pol_Rpb2_2_sf

Histone-fold

SRA-YDG_sf

WRC_dom

WH_DNA-bd_sf

Protein_kinase_ATP_BS

AUX/IAA_dom

ARM-type_fold

Papain-like_cys_pep_sf

WD40_repeat_dom_sf

P-loop_NTPase

Histone-fold

AB_hydrolase

P-loop_NTPase

WD40_repeat_dom_sf

GEBP

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

PI3/4_kinase_cat_sf
WD40_repeat_dom_sf

WPP_sf

Histone-fold

P-loop_NTPase

F-box-like_dom_sf

Znf_C2H2_type

CENP-T/H4_C

P-loop_NTPase

TD_ACT-like_sf

Ribosomal_S5_D2-typ_fold

Urb2/Npa2_C

Trigger_fac_ribosome-bd_sf

GGT_lsub_C

Histone-fold

SF3b_su1-like

SF3A3

RBD_domain_sf

AB_hydrolase

SANTA

RCC1/BLIP-II

IPNS-like

Histone-fold

GHD

G_ENGB_dom

F-box-like_dom_sf

Znf_PHD-finger

Histone-fold

P-loop_NTPase

BRX_N

TBL

Lectin_gal-bd_sf

RBD_domain_sf

L36e_sf

Histone-fold

Histone_H2A_CS

TRCF-like_C

CENP-T/H4_C

WH_DNA-bd_sf

WH_DNA-bd_sf

BRCT_dom_sf

GINS_bundle-like_dom_sf

Aur

RBD_domain_sf

IsoPropMal-DH-like_dom

Ubiquitin-activating_enz

Znf_RanBP2_sf

WD40_repeat_dom_sf

ATPase_NBD

Aquaporin_transptr

RBD_domain_sf

Histone-fold

Kinesin_motor_dom_sf

CASP_dom

HMG_box_dom_sf

Enolase-like_C_sf

Cupin_8

ClpA/ClpB_AAA_lid

MCM_lid

NDX

CTNNBL1

PFN_sf

TEX10/Ipi1

HRD

ARM-type_fold

NT_sf

C-N_Hydrolase_sf

aa-tRNA-synth_II

ARM-type_fold

CENP-T/H4_C

Glyco_hydro_1_N_CS

S1_dom

BLT-like

RBD_domain_sf

SRA-YDG_sf

WW_dom_sf

Rfa2

LRR_dom_sf

Importin_beta

P-loop_NTPase

P-loop_NTPase

CENP-T/H4_C

RibonucZ/Hydroxyglut_hydro

CENP-T/H4_C

Aldolase_TIM

NAD(P)-bd_dom_sf

CENP-T/H4_C

XS_domain_sf

LRR_dom_sf

G_ENGB_dom

LRR_dom_sf

Protein_kinase_ATP_BS

Kinesin_motor_dom_sf

AAA_lid_10

Histone-fold

Znf_RanBP2_sf

TPR-like_helical_dom_sf

Frigida

RNaseH_sf

WD40_repeat_dom_sf

F-box-like_dom_sf

RBD_domain_sf

HMA_dom_sf

TPR-like_helical_dom_sf

WH_DNA-bd_sf

MCM_lid

WD40_repeat_dom_sf

Znf_PHD-finger

Yippee_fam

RBD_domain_sf

DNA-bd_pseudobarrel_sf

Treslin_N

CENP-T/H4_C

SNF2-like_sf

RFA2-like

SNI1

GCP_N

Alfin

CAF1A

FAD/NAD-bd_sf

MTERF_sf

FH2_Formin_sf

Ribosomal_L7A/L8_sf

DUF2062

CENP-T/H4_C

MFS_trans_sf

Tubulin/FtsZ_GTPase_sf

MCM_complex-bd

SKP1-like_dim_sf

NAT12

Histone-fold

Nop52

TPR_repeat

Web

Kinesin_motor_dom_sf

CENP-T/H4_C

THO_THOC1

Pre-SET_CXC

P-loop_NTPase

LRR_dom_sf

Protein_kinase_ATP_BS

SAP_dom

Alpha/beta_knot_MTases

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

CRWN

MTERF_sf

NA-bd_OB-fold

Aur

NA-bd_OB-fold

ClpP/crotonase-like_dom_sf

AUX/IAA_dom

J_dom_sf

Histone_H2A_CS

Ankyrin_rpt-contain_sf

RBD_domain_sf

AN1-like_Znf

ASY3-like

PCI_dom

Nop_C

Cyclin

Ribosomal_L7A/L8_sf

CENP-T/H4_C

GRF

RNaseH_sf

SAM-dependent_MTases

TF_TCP_subgr

cNMP-bd-like

Dev_and_cell_death_domain

LRR_dom_sf

AP2/ERF_dom_sf

ARD_euk

ATX1/2_PHD

RNA_pol_III_Rpc5

5-3_exonuclease_C_sf

G_ERA_dom

P-loop_NTPase

ARM-type_fold

BRCT_dom_sf

WD40_repeat_dom_sf

WHIM1_dom

Protein_kinase_ATP_BS

RBD_domain_sf

EPHD

Znf_CCCH_sf

Kinesin_motor_dom_sf

Methyltr_RsmF_N

CENP-T/H4_C

DA1-like

SAM-dependent_MTases

RBD_domain_sf

Cyt_B5-like_heme/steroid_sf

Papain-like_cys_pep_sf

Znf_PHD-finger

Cdc5p/Cef1

Kinesin_motor_dom_sf

TopoI_DNA-bd_euk_N_sf

TBL

TBRG1

DUF3456

Histone-fold

Znf_C2H2_sf

C2_domain_sf

Lectin_gal-bd_sf

GINS_Psf3_sf

HLH_DNA-bd_sf

RNA_pol_Rpb1_3_sf

MIP1_Leuzipper

F-box-like_dom_sf

LRR_dom_sf

Kelch-typ_b-propeller

P-loop_NTPase

Znf_FYVE-rel

7-in-absentia-prot_TRAF-dom

DNA_primase_lsu_euk

WD40_repeat_dom_sf

PLP-binding_barrel

CHUP1-like

AN1-like_Znf

F-box-like_dom_sf

EXO1_H3TH

Mot2

HAD-like_sf

Ubiquitin-like_domsf

LRR_dom_sf

WD40_repeat_dom_sf

vWFA_dom_sf

DNA-bd_pseudobarrel_sf

J_dom_sf

WD40_repeat_dom_sf

ICR

WIYLD_dom_sf

Kinesin_motor_dom_sf

DUF295

WH_DNA-bd_sf

P-loop_NTPase

GCFC_dom

UBQ-conj_enz_E2-bd_prot

MTERF_sf

CENP-T/H4_C

LRR_dom_sf

DAGAT

UBP13_Znf-UBP_var

SMC_hinge_sf

MPP_PAP

WD40_repeat_dom_sf

PyrdxlP-dep_Trfase

SNO_AAA

TPR_repeat

CDC50/LEM3_fam

TPR-like_helical_dom_sf

AUX/IAA_dom

Myb-like_dom

IF_rod_dom_coil1B

BAH_sf

QWRF

P-loop_NTPase

SPARK

BRCT_dom_sf

T_SNARE_dom

TopoI_DNA-bd_euk_N_sf

DUF1668_ORYSA

P-loop_NTPase

WD40_repeat_dom_sf

P-loop_NTPase

ATAD3

Toll_tir_struct_dom_sf

GLE1-like_sf

Znf_LIM

UBL3-like

SWIB_MDM2_dom_sf

AP2/ERF_dom_sf

Cullin_homology_sf

Nup84/Nup107

DUF1421

RBD_domain_sf

CENP-T/H4_C

Transl_init_fac_IF2/IF5_Zn-bd

Myb_dom

DUF3615

Znf_RING_CS

FH2_Formin_sf

Tesmin/TSO1-like_CXC

AA_transpt_TM

GROEL-like_equatorial_sf

RBD_domain_sf

Methyltransf_25

Cytochrome_B561-rel

Ferritin-like_SF

Rossmann-like_a/b/a_fold

HMG_box_dom_sf

Pumilio_RNA-bd

TPR-like_helical_dom_sf

J_dom_sf

NAD(P)-bd_dom_sf

CSN8_PSD8_EIF3K

SNF2-like_sf

BRCA2_hlx_sf

Kinesin_motor_dom_sf

Thiolase_C

AAA_lid_3

ARM-type_fold

Lectin_gal-bd_sf

D15-l ike

N-reg_PII_CS

Glycoside_hydrolase_SF

Methyltransf_FA

Rrm1

Treslin_N

Pds5

Cyclin-like_sf

EIF3A

AB_hydrolase

J_dom_sf

GROEL-like_equatorial_sf

AAA_lid_3

P-loop_NTPase

LRR_dom_sf

DUF1668_ORYSA

CENP-T/H4_C

Protein_kinase_ATP_BS

P-loop_NTPase

Papain-like_cys_pep_sf

TruB_C

Rx_N

P-loop_NTPase

MCM_lid

ExoRNase_PH_dom2_sf

P-loop_NTPase

ChlI/MoxR_AAA_lid

Vid27

RNApol_insert_sf

NA-bd_OB-fold

SRA-YDG_sf

Web

SNF2-like_sf

MFS_trans_sf

Histone_H2A_CS

EME1/EME2_C

WH_DNA-bd_sf

WD40_repeat_dom_sf

Myb_dom

WD40_repeat_dom_sf

Histone_H2A_CS

DUF597

Nop_C

DNA_primase_lsu_euk

WH_DNA-bd_sf

Papain-like_cys_pep_sf

U5-116kDa_C

Cyclin

Ribosomal_L4_dom_sf

J_dom_sf

PADR1_dom_sf

Znf_RanBP2_sf

RNA_pol_Rpb1_3_sf

Znf_CCCH_sf

BRCT_dom_sf

Homeobox-like_sf

P-loop_NTPase

RBD_domain_sf

P-loop_NTPase

Mur_ligase_C_dom_sf

BAH_sf

LIM-bd/SEUSS

CSN8_PSD8_EIF3K

Band_7/SPFH_dom_sf

F-box-like_dom_sf

F-box-like_dom_sf

RBBP5/Swd1

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

PyrdxlP-dep_Trfase

Fan1-like

SKP1-like_dim_sf

DUF630

CENP-T/H4_C

LRR_dom_sf

RBD_domain_sf

CENP-T/H4_C

Glutathione-S-Trfase_C_sf

Rpn6_C_helix

Thioredoxin-like_sf

Dev_and_cell_death_domain

Thioredoxin-like_sf

CENP-T/H4_C

Znf_RanBP2_sf

P-loop_NTPase

WD40_repeat_dom_sf

DUF3741-assoc

CND3

Pyridoxal_P_attach_site

Znf_CCHC_sf

Ser_caboxypep_his_AS

GROEL-like_equatorial_sf

OCRE

AB_hydrolase

P-loop_NTPase

DUF4094

RBD_domain_sf

Gln_synt_N

Histone-fold

ClpA/ClpB_AAA_lid

DNA/RNA_pol_sf

F-box-like_dom_sf

SNF2-like_sf

DYW_dom

NUP88/NUP82

SSRP1_sf

Rpb5-like

Nup54_alpha-helical_dom

Rad50/SbcC_AAA

F-box-like_dom_sf

WRC_dom

SRA-YDG_sf

HMG_box_dom_sf

RNA_MTrfase_RlmN

SAM-dependent_MTases

Ribokinase-like

IPNS-like

EF_Hand_1_Ca_BS

BAH_sf

D15-l ike AUX/IAA_dom

BRX1

CDCA7/CDA7L

RibonucZ/Hydroxyglut_hydro

SRA-YDG_sf

Telomerase_RBD

PORR_domain

CENP-T/H4_C

Symplekin/Pta1_N

PyrdxlP-dep_Trfase

Ankyrin_rpt-contain_sf

TPX2_central_dom

CENP-T/H4_C

CENP-T/H4_C

RNaseH_sf

JASON

Tensin_phosphatase

7-in-absentia-prot_TRAF-dom

BRCT_dom_sf

GROEL-like_equatorial_sf

Pyrv_Kinase-like_dom_sf
P-loop_NTPase

Mad1

GROEL-like_equatorial_sf

Znf_RanBP2_sf

AS_sf

CRIB_dom_sf

Histone_H2A_CS

WH_DNA-bd_sf

TGA_domain

Subtilisin-like_FN3

Condensin2_G2

Alfin

MFS_trans_sf

Importin_beta

Peptidase_C65_otubain_sub2

Dis3_CSD2

SNF2-like_sf

Kinesin_motor_dom_sf

Ribokinase-like

EXOC6/Sec15_C_dom1

GROEL-like_equatorial_sf

UPF_Ycf55

TPR-like_helical_dom_sf

Nucleoporin_Nup155_C_3

FucosylTrfase_pln

CHUP1-like

ARM-type_fold

AUX/IAA_dom

Histone-fold

Diacylglyc_glucosyltr_N

Neprosin_propep

Kinesin_motor_dom_sf

MORF/ORRM1/DAG-like

Remorin_C

WD40_repeat_dom_sf

BEACH_dom_sf

BRCT_dom_sf

Met_Sox_Rdtase

Mre11_N

RNA_pol_Rpb1_3_sf

Agenet_dom_plant

TPR-like_helical_dom_sf

DUF5600

HMA_dom_sf

R3H_AAA

Gyrase/topoIV_suA_C

SAP_dom_sf

Znf_SWIM

Sec7_dom_sf

Cyclin/Ssn8

Kinesin_motor_dom_sf

Znf_RING/FYVE/PHD

MutS_con_dom_sf

ZPR1_Znf1/2

GrpE_coiled_coil

Pr_cel_nuc_antig_CS

WH_DNA-bd_sf

7-in-absentia-prot_TRAF-dom

Ras_GTPase_bind_prot

WGR_dom_sf

Fe-S-bd_prot_LdpA_C

Peptidase_S54_rhomboid_dom

SEPARIN_core_dom

Rrm1

TPR-like_helical_dom_sf

QWRF

RPB6/omega-like_sf

Pr_cel_nuc_antig_CS

Sugar_P_trans_dom

SSU_processome_Utp11

ALAD_AS

SMC4_ABC_euk

P-loop_NTPase

NA-bd_OB-fold

RNA_pol_Rpb1_3_sf

CNNM

DUF1666

Kinesin_motor_dom_sf

WH-like_DNA-bd_sf

WH_DNA-bd_sf

CAF1A

CENP-T/H4_C

SCAI
CENP-T/H4_C

CDI

Histone-fold

RNA_pol_Rpb2_2_sf

WD40_repeat_dom_sf

Kinesin_motor_dom_sf

DUF3527

J_dom_sf

XPO5

Histone_H2A_CS

AAA_lid_3

Cleav_polyA_spec_factor_su5

PIG-B/GPI10

Histone_H2A_CS

RNApol_insert_sf

MyosinXI_CBD

ABT1/Esf2

SHOC1-like

ATPase_NBD

Rho_GTPase_activation_prot

WD40_repeat_dom_sf

2Fe-2S_ferredoxin-like_sf

Ribosomal_S21e_sf

Pumilio_RNA-bd

VIP1_N

Osmotin/thaumatin-like_sf

Cyclin

His_deacetylse_dom_sf

IPNS-like

DHFR-like_dom_sf

RBD_domain_sf

S4_RNA-bd_sf

Haem_oxidase_HugZ-like_sf

WD40_repeat_dom_sf

Metal_Hydrolase

P-loop_NTPase

Subtilisin-like_FN3

Kinesin_motor_dom_sf

HMG_box_dom_sf

SKP1-like_dim_sf

DNA/RNA_pol_sf

Pectin_lyas_fold

DUF1618

PABP-dom

RBD_domain_sf

P-loop_NTPase

Glyco_hydro_63N_sf

TPR-like_helical_dom_sf

Rho_N_sf

Exp1_repeat_2

BRCT_dom_sf

M/V/L/I-tRNA-synth_anticd-bd

P-loop_NTPase

PolD2_C

Sec3_C

Histone-fold

WRKY_dom_sf

WD40_repeat_dom_sf

F-box-like_dom_sf

Aldolase_TIM

WD40_repeat_dom_sf

Ovate

RNA-dep_RNA_pol_euk-typ

DYW_dom

Histone-fold

DNA_pol_alpha_bsu

At5g01610-l ike

SUVR5_Znf-C2H2_3rpt

Myb_CC_LHEQLE

CENP-T/H4_C

Kinesin_motor_dom_sf

DNA/RNA_pol_sf

PEPTIDASE_A1

ABC1_TM_sf

Mt_carrier_dom_sf

Znf_C2H2_sf

HAD-like_sf

LRR_dom_sf

P-loop_NTPase

Rpn13/ADRM1_sf

Znf_RING/FYVE/PHD

CNDH2_C

DUF3769

AB_hydrolase

Quinoprotein_ADH-like_supfam

SMC_hinge_sf

NAT10

NA-bd_OB-fold

Leo1

JASON

UBP13_Znf-UBP_var

Zinc_finger_PHD-type_CS

RNaseH_sf

RBD_domain_sf

GSTT1/2/3

Dis3_CSD2

J_dom_sf

Tesmin/TSO1-like_CXC

Cyclophilin-like_dom_sf

Ser_caboxypep_his_AS

AP2/ERF_dom_sf

P-loop_NTPase

XPC-bd_sf

DUF936_pln
SMC_hinge_sf

CENP-T/H4_C

HAD-like_sf

TIF2_asu_C

CCR4-NOT_su2/3/5_N_sf

Kinesin_motor_dom_sf

UvrD/AddA_N

AUX/IAA_dom

ARM-type_fold

Haem_Oase-like_multi-hlx

Spt6_death-like

ICR

PWWP_dom

ARM-type_fold

Cyclophilin-like_dom_sf

WD40_repeat_dom_sf

WH-like_DNA-bd_sf

PNPase_PH_RNA-bd_sf

LRR_dom_sf

Bifun_inhib/LTP/seed_sf

PWI_dom_sf

Cyclin

WD40_repeat_dom_sf

Histone-fold

UCH_C

Ub-E1_IAD_1

Histone-fold

tRNA-synt_1_cat_dom

SDH_C

Myb-like_dom

Znf_C2H2_sf

bZIP

Chaperonin_GroES_sf

RBD_domain_sf

Shikimate/glucono_kinase

DUF597

EF_Hand_1_Ca_BS

TMEM14

Kinase-like_dom_sf

AUX/IAA_dom

Kinesin_motor_dom_sf

Znf_C3HC-like

WD40_repeat_dom_sf

DYW_dom

Znf_CCCH_sf

AB_hydrolase

MutS_con_dom_sf

BLT-like

BAH_sf

Metallo-depent_PP-like

Bromodomain-like_sf

Osmotin/thaumatin-like_sf

UFC

His_deacetylse_dom_sf

Glycoside_hydrolase_SF

MTERF_sf

MAU2

Plus3-like_sf

BKI1/MAKR1/3/4

Porin_dom_sf

DEK_C

Ntn_hydrolases_N

PUS1/PUS2-like

IF_rod_dom_coil1B

CSN3

TPR-like_helical_dom_sf

Peptidase_S1_PA

CENP-T/H4_C

Histone-fold

Exp1_repeat_2

Calcineurin-like_PHP_ApaH

DNA/RNA_pol_sf

COBRA_pln

MIP1_Leuzipper

MCM_lid

P-loop_NTPase

Importin_beta

MCM_lid

Rx_N

AB_hydrolase

AT_hook_DNA-bd_motif

WW_dom_sf

CHUP1-like

NAD(P)-bd_dom_sf

HMA_dom_sf

Kinesin_motor_dom_sf

ATAD3

P-loop_NTPase

WRKY_dom_sf

DUF842_euk

YqaJ_viral_recombinase

Porphobilinogen_deaminase_C_sf

RlpA-like_sf

GROEL-like_equatorial_sf

Homeobox-like_sf

LRR_dom_sf

CDC50/LEM3_fam

AS_sf

Cyclin

AUX/IAA_dom

Frigida

TPR_repeat

RBD_domain_sf

DYW_dom

RCC1/BLIP-II

Mcm10

RBD_domain_sf

BRCT_dom_sf

TBL

PInositol-4-P-5-kinase_N

DYW_dom

7-in-absentia-prot_TRAF-dom

RBD_domain_sf

X8

OGT/SEC/SPY_C

LRR_dom_sf

CSTF2_C_sf

Haem_oxidase_HugZ-like_sf

Histone-fold

GluRdtase_dimer_dom_sf

CENP-T/H4_C

SNF2-like_sf

DUF1668_ORYSA

RST

Protein_kinase_ATP_BS

WD40_repeat_dom_sf

RibonucZ/Hydroxyglut_hydro

Ribosomal_S5_D2-typ_fold

HTH_base_excis_C

Kinase-like_dom_sf

CDP-OH_PTrfase_TM_dom

Histone-fold

P-loop_NTPase

TPR-like_helical_dom_sf

Rx_N

WH-like_DNA-bd_sf

BKI1/MAKR1/3/4

Bulb-type_lectin_dom_sf

Cnd1_C

WD40_repeat_dom_sf

Kinesin_motor_dom_sf

Hect_E3_ubiquitin_ligase

Sec1-like_sf

AtJ6-like

Kinesin_motor_dom_sf

Anticodon_Met

SAM-dependent_MTases

LexA/Signal_pep-like_sf

ARID_dom_sf

Znf_C2H2_sf

Rossmann-like_a/b/a_fold

Histone-fold

Nucleoporin_Nup155_C_3

Ald_DH_CS_GLU

Clathrin_AP_dom2

BAH_sf

Histone-fold

AAA_lid_3

MRPL40

Toll_tir_struct_dom_sf

Condensin2_G2

PPR_long

DUF3741-assoc

WH-like_DNA-bd_sf

GIP1

REX4_DEDDh_dom

WH_DNA-bd_sf

TPR-like_helical_dom_sf

RBD_domain_sf

PORR_domain

Cyclophilin-like_dom_sf

WD40_repeat_dom_sf

XRI1

LRR_dom_sf

Znf_NHR/GATA

Noc2

Mediator_Med17

Znf_RING_CS

LRR_dom_sf

ARID_dom_sf

Glutathione-S-Trfase_C_sf

DUF3730

RBD_domain_sf

HCO3_transpt_C

BLT-like

Myb_dom

Clp_N_dom_sf

Histone-fold

Nup186/Nup192/Nup205

P-loop_NTPase

BRCT_dom_sf

DUF4057

AAA_lid_3

TPR-like_helical_dom_sf

MOCS2A

START-like_dom_sf

NAD(P)-bd_dom_sf

HMA_dom_sf

ARM-type_fold

Lsm14-like_N

LRR_dom_sf

Na+/solute_symporter_sf

GINS_Psf3_sf

VPS28_N_sf

Peptidase_M28

GROEL-like_equatorial_sf

EST1

ENT_dom-like_sf

CENP-T/H4_C

Pr_cel_nuc_antig_CS

ALOG_dom

ARM-type_fold

Histone-fold

KH_dom_type_1_sf

Ribosomal_L13_sf

Znf_C2H2_sf

AA_transpt_TM

Ribosomal_S11_sf

Subtilisin-like_FN3

MFS_trans_sf

HORMA_dom_sf

F-box-like_dom_sf

REF

AB_hydrolase

Histone-fold

Kinesin_motor_dom_sf

CRWN

Protein_kinase_ATP_BS

At2g23090-l ike

ARM-type_fold

Papain-like_cys_pep_sf

Kinesin_motor_dom_sf

RPA43_OB

Naf1

ICR

CuRO_3_LCC

RlpA-like_sf

GROEL-like_equatorial_sf

WD40_repeat_dom_sf

TPR-like_helical_dom_sf

SAP_dom_sf

BUD31/G10-rel_CS

Rrm1

Sm_D2

L24e/L24_sf

WH_DNA-bd_sf
SMG1_PIKKc

OPT

Znf_CCHC_sf

Secretory_peroxidase

NA-bd_OB-fold

PDCD2_C

Polycomb_protein_VEFS-Box

AB_hydrolase

BRCT_dom_sf

Histone_H2A_CS

DUF3527

NAC_dom_sf

BAH_sf

Secretory_peroxidase

Cohesin_Scc3/SA

WD40/YVTN_repeat-like_dom_sf

Znf_C3HC4_RING-type

Na+/solute_symporter_sf

DUF2232

Mpp10

Glycoside_hydrolase_SF

SNF2-like_sf

SAM-dependent_MTases

P-loop_NTPase

DAMP1_SANT-like

RBD_domain_sf

PGG_dom

Trypto_synt_PLP_dependent

AA_transpt_TM

CHL1/DDX11

Kinesin_motor_dom_sf

F-box-like_dom_sf

WH-like_DNA-bd_sf

GROEL-like_equatorial_sf

Papain-like_cys_pep_sf

F-box-like_dom_sf

Leo1

Kinesin_motor_dom_sf

Tubulin/FtsZ_C_sf

WH_DNA-bd_sf

ARM-type_fold

WH_DNA-bd_sf

SNF2-like_sf

Kinesin_motor_dom_sf

Histone-fold

DUF4487

Cytochrome_B561-rel

NRDE-2

RBD_domain_sf

LETM1_RBD

Kinesin_motor_dom_sf

Centromere_Mis12

THUMPD1-like

P-loop_NTPase

K+_transporter

Peptidase_S8/S53_dom_sf

Protein_kinase_ATP_BS

Flavoprotein-like_sf

Rx_N

Cleav_polyA_spec_factor_su5

L18e/L15P_sf

AI-2E-like

CENP-T/H4_C

GP_PDE_dom

WH_DNA-bd_sf

Rab-GTPase_TBC_sf

CLU-central

Kinesin_motor_dom_sf

ASF1-like_sf

RNaseH-like_sf

TRIAD_supradom

MTERF_sf

SNF2-like_sf

Histone_H2A_CS

SNF2-like_sf

Protein_kinase_ATP_BS

Ebp2

RRM_DME

Lectin_gal-bd_sf

Histone_H2A_CS

DNA_pol_e_bsu_N

DUF4005

RBD_domain_sf

Anticodon_Met

Mpv17_PMP22

Band_7/SPFH_dom_sf

F-box-like_dom_sf

RBBP5/Swd1

K+_transporter

P-loop_NTPase

RBD_domain_sf

CDCA7/CDA7L

AlkB-like_sf

Peptidase_S1_PA_chymotrypsin

CuRO_3_LCC

PADR1_dom_sf

DBC1/CARP1_inactive_NUDIX_dom

ClpA/ClpB_AAA_lid

DUF1618

Kinesin_motor_dom_sf

Branching_enzy

Myb_dom

BCAT-like_C

DNA-bd_pseudobarrel_sf

ABC1_TM_sf

FAD/NAD-bd_sf

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

P-loop_NTPase

Rx_N

LRR_dom_sf

YTH_domain

WHIM1_dom

WD40_repeat_dom_sf

SWEET_sugar_transpr

Peptidase_S1_PA_chymotrypsin

TIF_IF2_dom3_sf

Tubulin/FtsZ_GTPase_sf

RFWD3

DNA2/NAM7-like_C

TIF_IF2_dom3_sf

At3g27390-l ike

NUP2/50/61
LEA_2

YhbY-like_sf

RlpA-like_sf

TOG

Timeless_N

Kinesin_motor_dom_sf

RopGEF

Remorin_C

FKS1-like_dom1

DEK_C

P-loop_NTPase

DUF1618

WAP

RBD_domain_sf

SHOC1-like

P-loop_NTPase

AAA_lid_3

GIP1

Kinesin_motor_dom_sf

Nucleoporin_Seh1

Tubulin/FtsZ_C_sf

CENP-T/H4_C

Fe_hydrogenase

Agenet_dom_plant

Thioredoxin-like_sf

RBD_domain_sf

Znf_RING/FYVE/PHD

MnmG_N

PPR_long

RNaseH_sf

Histone-fold

Myb_dom

DNA-bd_pseudobarrel_sf

DNA2/NAM7-like_C

BCKD/PDK

Prp19

SWAP/Surp_sf

Znf_PHD-finger

ARM-type_fold

WD40/YVTN_repeat-like_dom_sf

MTERF_sf

ChlI/MoxR_AAA_lid

CENP-T/H4_C

CENP-T/H4_C

Enhancer_polycomb

Aquaporin_transptr

UDP_glucos_trans

5-3_exonuclease_C_sf

BRCT_dom_sf

PPR_long

Kinase-like_dom_sf

SNF2-like_sf

Histone-fold

eIF3l

Rx_N

Methylthiotransferase_N_sf

TPR-like_helical_dom_sf

MyosinXI_CBD

Histone-fold

Papain-like_cys_pep_sf

Dis3_CSD2

WH_DNA-bd_sf

SNF2-like_sf

TPR-like_helical_dom_sf

G6P_1-epimerase

Pept_M16_N

THOC2_N

Bromodomain-like_sf

Mms4/EME1/EME2

Nucellin

Kinesin_motor_dom_sf

ExoRNase_PH_dom2_sf

LRR_dom_sf

P-loop_NTPase

Agenet_dom_plant

Ribosomal_L27_CS

TPR-like_helical_dom_sf

DNA_primase_lsu_euk

WD40/YVTN_repeat-like_dom_sf

Ub-E1_IAD_1

Importin_beta

Kinesin_motor_dom_sf

HATPase_C_sf

Thioredoxin-like_sf

AB_hydrolase

DBC1/CARP1_inactive_NUDIX_dom

Importin_rep_4

RRM_DME

BPM_C

RNA_pol_Rpb2_2_sf

Kinase_OSR1/WNK_CCT

ARM-type_fold

TPR-like_helical_dom_sf

FAD-bd_PCMH-like_sf

MPP_PAP

WD40_repeat_dom_sf

RlpA-like_sf

Histone-fold

SGNH_hydro_sf

DUF630

FANCI_S2

RNaseH_sf

PyrdxlP-dep_Trfase

P-loop_NTPase

Histone_H2A_CS

Mpo1-l ike

Znf-4CXXC_R1

CDC45

WD40_repeat_dom_sf

Histone-fold

SAM-dependent_MTases

ABC1_TM_sf

Sugar_P_trans_dom

Protein_kinase_ATP_BS

Histone-fold

Cyt_B5-like_heme/steroid_sf

XS_domain_sf

PABP-dom

DNA-bd_dom_sf

DNA/RNA_pol_sf

Histone-fold

P-loop_NTPase

NAD(P)-bd_dom_sf

NAD(P)-bd_dom_sf

Kinesin_motor_dom_sf

NAT12

HMA_dom_sf

DUF3741-assoc

Cyclin

SMAD_FHA_dom_sf

IQ_motif_EF-hand-BS

F-box-like_dom_sf

GNK2_sf

Kinase-like_dom_sf

RBD_domain_sf

Jas

Histone_H2A_CS

Ribosomal_L5_N

Histone-fold

CENP-T/H4_C

POLYCHOME/GIG1

ATPase_NBD

Bulb-type_lectin_dom_sf

PC-Esterase

Histone-fold

Protein_kinase_ATP_BS

Ub-E1_IAD_1

Guanylate-bd_C_sf

CarbP_synth_ssu_N_sf

PCI_dom

PRIN2

Protein_kinase_ATP_BS

Ctf8

Cyclin

Uncharacterised_XH

PI3/4_kinase_cat_sf

SAP_dom

LOG_fam

DUF1668_ORYSA

P-loop_NTPase

DNA_ligase_N_sf

NAC_dom_sf

THDP-binding

Sugar_P_trans_dom

Protein_kinase_ATP_BS

LRR_dom_sf

Cyt_P450_sf

CSN5_C

P-loop_NTPase

Znf_C2H2_type

SWAP

WD40_repeat_dom_sf

FAD/NAD-bd_sf

LRR_dom_sf

Kdotransferase

MyTH4_dom_sf

POLAR-like

ER_stress-assoc

CAT_C

Rhodanese-like_dom_sf

HAD-like_sf

TPR-like_helical_dom_sf

MID_MedPIWI

TPR-like_helical_dom_sf

Ald_DH_CS_GLU

DUF1618

Myb/SANT-like_dom

SNF2-like_sf

GRDP-like

GIP1

FKS1-like_dom1

DAO_C_sf

His_deacetylse_dom_sf

Frigida

GRDP-like

SMAD_FHA_dom_sf

Sas10_C_dom

RNaseH_sf

DNA_primase_ssu_euk/arc

Ubiquitin-activating_enz

F-box-like_dom_sf

Ribokinase-like

STMP1

Znf_RING/FYVE/PHD

MBD10/11

Haem_Oase-like_multi-hlx

MAM33_sf

GINS_bundle-like_dom_sf

F-box-like_dom_sf

RibonucZ/Hydroxyglut_hydro

Aquaporin_transptr

Myb_dom

XPO5

Prot_kin_Mps1_fam

P-loop_NTPase

Anticodon_Ile_ABEc

Dev_and_cell_death_domain

SWIB_MDM2_dom_sf

WD40_repeat_dom_sf

RPN1_C

Glutathione-S-Trfase_C_sf

DNA2/NAM7-like_C

RNaseH_sf

CAT_C

WD40_repeat_dom_sf

TPX2_central_dom

Cyt_P450_sf

WH-like_DNA-bd_sf

SNF2-like_sf

Apc5_dom

RBD_domain_sf

Pumilio_RNA-bd

Creatinase/aminopeptidase-like

HAD-like_sf

GROEL-like_equatorial_sf

SNF2-like_sf

Cl-channel_core

Znf_C2H2_sf

PyrdxlP-dep_Trfase

Annexin_sf

DNA_ligase_N_sf

Nse4_C

Papain-like_cys_pep_sf

J_dom_sf

Znf_C2H2_sf

TOG

Rx_N

WD40_repeat_dom_sf

Kelch-typ_b-propeller

DUF630

TPR-like_helical_dom_sf

PEPCASE_His_AS

BLT-like

Condensin_barren_su2

CENP-T/H4_C

NAT10

TRCF-like_C

Cnd1_C

Endo/exonu/phosph_ase_sf

Serpin_sf_2

PMF1/Nnf1

Cnd1_C

GCP_C_sf

Rnp2-like_sf

Uncharacterised_XH

At4g38062-l ike

CRIB_dom_sf

MFS_trans_sf

Shugoshin_C

ARM-type_fold

P-loop_NTPase

CENP-T/H4_C

Kinase-like_dom_sf

PRMT5_C

Morc_S5

Hist-Lys_N-MeTrfase_SET2_plant

Ub-E1_IAD_1

His_deacetylse_dom_sf

DNA-bd_pseudobarrel_sf

NAD(P)-bd_dom_sf

SANT_dom

JASON

Ankyrin_rpt-contain_sf

DUF4378

Protein_kinase_ATP_BS

GROEL-like_equatorial_sf

DUF936_pln

Pr_cel_nuc_antig_CS

ORC6

TPR-like_helical_dom_sf

WH_DNA-bd_sf

SRA-YDG_sf

ClpA/ClpB_AAA_lid

Arg-tRNA-synth_N_sf

Donson

NAD(P)-bd_dom_sf

P-loop_NTPase

Histone-fold

AHL

RFWD3

NAD(P)-bd_dom_sf

CENP-T/H4_C

LRR_dom_sf

TPR-like_helical_dom_sf

TPR-like_helical_dom_sf

Rad50/SbcC_AAA

Kinesin_motor_dom_sf
CENP-T/H4_C

Endochitinase-like_sf

Ankyrin_rpt-contain_sf

Kinase-like_dom_sf

P-loop_NTPase

Nucellin

cNMP-bd-like

ExoRNase_PH_dom2_sf

Endo/exonu/phosph_ase_sf

WD40_repeat_dom_sf

CENP-T/H4_C

WD40_repeat_dom_sf

P-loop_NTPase

DNA_pol_alpha_bsu

Zf-FLZ_dom

CENP-T/H4_C

Condensin_barren_su2

Peptidase_C78_UfSP1/2

Thioredoxin-like_sf

Protein_kinase_ATP_BS

HSP20-like_chaperone

AAA_15

DNA2/NAM7-like_C

P-loop_NTPase

XPOT

PGAP5/Cdc1/Ted1

HDR1

Peptidase_S1_PA

NAC_dom_sf

Ncaph2

Chaperonin_GroES_sf

LRR_dom_sf

Vid27

WH-like_DNA-bd_sf

Subtilisin-like_FN3

Protein_kinase_ATP_BS

GIY-YIG_endonuc_sf

Thioredoxin-like_sf

MutS_con_dom_sf

Lsm7

BRCT_dom_sf

MATE_fam

RBD_domain_sf

DIRP

SH2_dom_sf

AAA_lid_3

RBD_domain_sf

WRC_dom

Histone_H2A_CS

Pept_tRNA_hydro_sf

Rfa2

Kinase-like_dom_sf

SAM-dependent_MTases

ZPR1_Znf1/2

UBQ-conjugating_enzyme/RWD

RNApol_insert_sf

ATX1/2_PHD

TF_TCP_subgr
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Figure 4.17. Enrichment of histone and HMG genes in nodes with highest indegree in the 
upregulated indTaRKD1-7D #2.28 shared DEGs coexpression network. Top 10 nodes with 
the highest indegree of the upregulated indTaRKD1-7D #2.28 shared DEGs coexpression 
network are plotted with a log10 transformation. Indegree is the number of coexpression 
correlation directed towards that node. Point size is determined by the differential log2 fold 
change of that gene in the IE_TM vs IE_WE pairwise comparison as denoted on the legend 
on the right. The adjusted p value is computed by taking the -log10 of the differential expression 
p value from the IE_TM vs IE_WE pairwise comparison for that gene and is coloured as 
denoted on the legend on the right. 
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FAD/NAD-bd_sf

Exp1_repeat_2

LRR_dom_sf

RecQ_Zn-bd

F-box-like_dom_sf

KH_dom_type_1_sf

Pre-SET_CXC

CDC45

Cdc24_OB3

MBD10/11

G_DYNAMIN_dom

Osmotin/thaumatin-like_sf

PInositol-4-P-5-kinase_N

MCM_lid

DUF1666

Znf_CCHC_sf

Branching_enzy

Histone_H2A_CS

Ankyrin_rpt-contain_sf

DUF1618

CCT_domain

TPR-like_helical_dom_sf

P-loop_NTPase

Aur

PWP2

Kinesin_motor_dom_sf

GAT_sf

Mad3/Bub1_I

HDGF-rel_PWWP

RBD_domain_sf

ARM-type_fold

At4g38062-l ike

Homeobox-like_sf

SNF2-like_sf

Znf_RING/FYVE/PHD

PRMT5_C

CSTF2_C_sf

Papain-like_cys_pep_sf

HAD_2

Kinesin_motor_dom_sf

TDU_repeat

Kinesin_motor_dom_sf

Fatty_acid_hydroxylase

WH_DNA-bd_sf

Znf_RING/FYVE/PHD

HABP4/SERBP1

Znf-4CXXC_R1

LSm5

Kinesin_motor_dom_sf

FBD

Glyco_hydro_3_N_sf

TPX2_C

MCM_lid

FAD/NAD-bd_sf

Kinesin_motor_dom_sf

BSD_dom

Ala_tRNA_ligase_euk/bac

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

NPC2-like

Rad51_DMC1_RadA

WD40_repeat_dom_sf
Kinase-like_dom_sf

WD40_repeat_dom_sf

SMAD_FHA_dom_sf

CHL1/DDX11

Myb_dom

Rad21/Rec8-like

Histone-fold

AB_hydrolase

Mpv17_PMP22

Pre-SET_CXC

F-box-like_dom_sf

RBD_domain_sf

BAG5/6/7/8

F-box-like_dom_sf

WD40_repeat_dom_sf

Ribosomal_S28e_CS

Retrotrans_gag_dom

Ribosomal_S24e_CS

Histone-fold

DYW_dom

DUF4283

G_DYNAMIN_dom

CRIB_dom_sf

SCC2/Nipped-B

P-loop_NTPase

TIF_eIF4e-like

Saposin-like

AB_hydrolase

Nop_C

RBD_domain_sf

Rrm1

VIR_N

DNA2/NAM7-like_C

TPR_repeat

Importin_beta

Ribosomal_L27/L41_mit

Shugoshin_C

Cyclin

RNaseH_sf

WD40_repeat_dom_sf

Protein_kinase_ATP_BS

Palmitoyltrfase_DHHC

WH-like_DNA-bd_sf

TPR-like_helical_dom_sf

Histone-fold

WD40_repeat_dom_sf

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

RNaseH_sf

CENP-T/H4_C

TopoI_DNA-bd_euk_N_sf

SWAP

GCP_N

AAA_lid_10

5-3_exonuclease_C_sf

WD40_repeat_dom_sf

HMA_dom_sfRUVBL2_DII

SNF2-like_sf

WD40_repeat_dom_sf

Znf_RING/FYVE/PHD

ClpA/ClpB_AAA_lid

AminoTfrase-like_pln_mobile

IQ_motif_EF-hand-BS

Uncharacterised_XH

PPR_long

Ribosomal_S3_C_sf

Vta1/CALS_N

FAD/NAD-bd_sf

WD40_repeat_dom_sf

Nucleoporin_S59-like

WD40_repeat_dom_sf

Kinesin_motor_dom_sf

ARM-type_fold

Las1

AAA_lid_3

REPA_OB_2

WH-like_DNA-bd_sf

Polycomb_protein_VEFS-Box

PTAC12

WH_DNA-bd_sf

HATPase_C_sf

P-loop_NTPase

Sin3-like

CENP-T/H4_C

TRANK1

ARM-type_fold

AT_hook_DNA-bd_motif

LRR_dom_sf

GROEL-like_equatorial_sf

Rx_N

DUF3741-assoc

Cyclin-like_sf

MAM33_sf

tRNA_met_Trm1_C

Ub-E1_IAD_1

Thioredoxin-like_sf

UCP016988

TAT_signal

Tubulin/FtsZ_C_sf

ATPase_NBD

HIBYL-CoA-H

HLH_DNA-bd_sf

Nse4/EID

F-box-like_dom_sf

F-box-like_dom_sf

SKP1/BTB/POZ_sf

HS1-bd

WH_DNA-bd_sf

Thymidate_synth/dCMP_Mease_sf

ARM-type_fold

PAH_sf

Mt_carrier_dom_sf

SAP_dom_sf

AldOxase/xan_DH_Mopterin-bd_sf

WAP

CHL1/DDX11

Remorin_C

RBD_domain_sf

GINS_bundle-like_dom_sf

RNA_pol_Rpb1_3_sf

NAA40

Cyclin

NAP-like_sf

TRHO_N

DUF1668_ORYSA

Nucellin

KH_dom_type_1_sf

RNaseH_sf

PPR_long

Znf_NHR/GATA

Metal_Hydrolase

RNA_pol-assoc_fac_A49-like

Znf_PHD-finger

Ribokinase-like

Cyclin

ARM-type_fold

TPR_repeat

Histone_H2A_C

MAM33_sf

Palmitoyltrfase_DHHC

BT1

TPR-like_helical_dom_sf
Protein_kinase_ATP_BS

Histone_H2A_CS

CHUP1-like

Btz_dom

BRCT_dom_sf

DNA-bd_pseudobarrel_sf

EME1/EME2_C

Kinesin_motor_dom_sf

Ebp2

DUF4378

KH_dom_type_1_sf

Dbr1_N

TPX2_central_dom

CRIB_dom_sf

X8

TruD_catalytic

TOG

Znf_RING/FYVE/PHD

Histone-fold

CENP-T/H4_C

P-loop_NTPase

MOM1

Coilin_N

Dev_and_cell_death_domain

F-box-like_dom_sf

DNA_pol_e_bsu_N

TOPRIM_DnaG/twinkle

GROEL-like_equatorial_sf

Condensin_barren_su2

DNA-bd_pseudobarrel_sf

Hect_E3_ubiquitin_ligase

WH_DNA-bd_sf

SAM-dependent_MTases

MAP65_Ase1_PRC1

Ubiquitin-like_domsf

WH-like_DNA-bd_sf

NAP-like_sf

TGT-like_sf

Anticodon_Met

Ipi1_N

FKS1-like_dom1

Cnd3_C

GAUT

P-loop_NTPase

DNA-bd_pseudobarrel_sf

THOC7/Mft1

L18e/L15P_sf

WD40_repeat_CS

SRA-YDG_sf

Znf_C2H2_sf

Protein_kinase_ATP_BS

J_dom_sf

Nucleoporin_S59-like

Rpb5-like

HSP20-like_chaperone

eIF3m_C_helix

Wound_ind

Histone_H2A_C

TPX2_central_dom

HLH_DNA-bd_sf

CENP-T/H4_C

ZN622/Rei1/Reh1_Znf-C2H2

CENP-T/H4_C

RBD_domain_sf

Subtilisin-like_FN3

AB_hydrolase

At4g38062-l ike

JASON

Snf7_fam

PheRS_beta_core

LRR_dom_sf

Frigida

ARID_dom_sf

HMG_box_dom_sf

F-box-like_dom_sf

Znf_RING/FYVE/PHD

At1g76660-l ike

Arg_succ_lyase_C

CuRO_3_LCC

Kinase-like_dom_sf

Histone-fold

Osmotin/thaumatin-like_sf

EDR4-like

Transketolase_C

Histone-fold

E2F-DP_heterodim

Nop14

Kinesin_motor_dom_sf

MutS_con_dom_sf

Cyclin

TPR-like_helical_dom_sf

CENP-T/H4_C

F-box-like_dom_sf

NOP9

Histone-fold

Mad3/Bub1_I

Glyco_trans_48

TPR_repeat

LRR_dom_sf

RBD_domain_sf

Ankyrin_rpt-contain_sf

AB_hydrolase

DUF4110

WD40_repeat_dom_sf

RNaseH-like_sf

SNF2-like_sf

Pds5

Dihydro-acid_dehy_C

SMC3_ABC_euk

Sugar_P_trans_dom

APC1_C

FAD-bd_PCMH-like_sf

Histone-fold

Sugar_P_trans_dom

Importin_beta

Lectin_gal-bd_sf

IF_2B-like_C

Ribosomal_S23/S29_mit

DNA-bd_pseudobarrel_sf

SMC4_ABC_euk

Ribosomal_L13_sf

Papain-like_cys_pep_sf

HABP4/SERBP1

Ndc80_sf

ARM-type_fold

J_dom_sf

FAS1_dom_sf

Zf-FLZ_dom

F-box-like_dom_sf

Alfin

Ribosomal_L39e_dom_sf

TPR-like_helical_dom_sf

ARM-type_fold

CuRO_1_LCC

UBQ-conjugating_AS

Histone-fold

MCM_lid

HLH_DNA-bd_sf

RBD_domain_sf

Cyt_P450_sf

Znf_CCCH

XS_domain_sf

RPL19

Clp_N_dom_sf

Dev_and_cell_death_domain

TAF1A-like

UPS_plant

TF_GRAS

NAD(P)-bd_dom_sf

SPX_dom

TPR-like_helical_dom_sf

NSP1/NUP62

Cyt_P450_sf

RLI_dom_1

DNA_primase_ssu_euk/arc

LRR_dom_sf

WD40_repeat_dom_sf

Peptidase_C1A_papain-like

MORF/ORRM1/DAG-like

LRR_dom_sf

LRR_dom_sf

CBS_dom

Kinesin_motor_dom_sf

LRR_dom_sf

RPN2_C

SMAD_FHA_dom_sf

PInositol-4-P-5-kinase_N

CENP-T/H4_C

DNA/RNA_pol_sf

WH_DNA-bd_sf

WH-like_DNA-bd_sf

SRP54_N_sf

P-loop_NTPase

Homeobox-like_sf

Nucleoporin_int_Nup93/Nic96

AtJ6-like

Ribosomal_S1/3_euk

APC1_C

DNA_pol_lamdba_lyase_dom_sf

Rx_N

WGR_dom_sf

Histone-fold

WH_DNA-bd_sf

CENP-T/H4_C

Histone-fold

TPR-like_helical_dom_sf

AAA_16

HisRS-like_core

XTH

PLC-like_Pdiesterase_TIM-brl

GBBH-like_N_sf

Znf_C3HC-like

HIT4

Pyrv_Kinase-like_dom_sf

F-box-like_dom_sf

ORC_WH_C
Znf_CCCH_sf

G_CP_dom

RBD_domain_sf

FH2_Formin_sf

SCC2/Nipped-B

LRR_dom_sf

Histone-fold

RPA43_OB

Histone-fold

DNA/RNA_pol_sf

PPM-type_dom_sf

Myb_dom

Puta_zinc/iron-chelating_dom

HABP4/SERBP1

Histone-fold

CRIB_dom_sf

SCD2-like

Mlo

Frigida

BRCT_dom_sf

Coilin_N

Prot-tyrosine_phosphatase-like

Cyt_P450_sf

UBQ-conjugating_enzyme/RWD

Protodermal_1

Importin_beta

Gyrase/topoIV_suA_C

HSP90_C

CDCA7/CDA7L

AAA_lid_10

P-loop_NTPase

Brix

Kelch-typ_b-propeller

RBD_domain_sf

HATPase_C_sf

WD40_repeat_dom_sf

ZCCHC10

WD40_repeat_dom_sf

LIN37

TBL

MBP2C

Porphobilinogen_deaminase_C_sf

PPM-type_dom_sf

LRR_dom_sf

At5g14285-l ike

Porin_dom_sf

AB_hydrolase

MAP70

SAM-dependent_MTases

WH_DNA-bd_sf

Osmotin/thaumatin-like_sf

Ald_DH_C

WH_DNA-bd_sf

MeTrfase_TrmA_CS

FucosylTrfase_pln

Cyclin

Scarecrow-like_28

TRAF-like

Dolichyldiphosphatase_PAP2

HIT4

RBD_domain_sf

MIP1_Leuzipper

WD40_repeat_dom_sf

Histone-fold

Kinase-like_dom_sf

Alba-like_dom_sf

F-box-like_dom_sf

Creatinase/aminopeptidase-like

Donson

TPR-like_helical_dom_sf

Histone_H2A_CS

WD40_repeat_dom_sf

VAP

ALG12

SWIB_MDM2_dom_sf

Choline_transptr-like

GROEL-like_equatorial_sf

Ald_DH_C

Histone-fold

HATPase_C_sf

Rho_N_sf

HLH_DNA-bd_sf

WD40/YVTN_repeat-like_dom_sf

ARM-type_fold

Whirly

Histone-fold

Histone-fold

cNMP-bd-like

MyosinXI_CBD

KELP

EPHD

F-box-like_dom_sf

CRIB_dom_sf

CENP-T/H4_C

RUVBL2_DII

Msp1

CENP-T/H4_C

Remorin_C

NAC_dom_sf

J_dom_sf

RBD_domain_sf

FANCM/Mph1-like

RuvB-like_C

CHUP1-like

NPH3/RPT2-like

UDP-sugar_pyrophosphorylase

YTH_domain

TRAF-like

M3A_MIP

Rad21/Rec8-like

AUX/IAA_dom

P-loop_NTPase

Prot_kin_Mps1_fam

J_dom_sf

cNMP-bd-like

CENP-T/H4_C

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

Histone_H2A_CS

Histone-fold

CENP-T/H4_C

Protein_kinase_ATP_BS

SNF2-like_sf

Kinesin_motor_dom_sf

Ub-E1_IAD_1

Znf_RING/FYVE/PHD

Glycoside_hydrolase_SF

Rossmann-like_a/b/a_fold

HMG_box_dom_sf

Protein_kinase_ATP_BS

Histone-fold

CENP-T/H4_C

WD40_repeat_dom_sf

RBD_domain_sf

Haem_Oase-like_multi-hlx

Kinesin_motor_dom_sf

FAS_N

vWFA_dom_sf

Sugar_P_trans_dom

SAM-dependent_MTases

DUF3741-assoc

F-box-like_dom_sf

SGNH_hydro_sf

TamB

WD40_repeat_dom_sf

Ras_GTPase_bind_prot

MAGE_WH2

WW_dom_sf

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

HIBYL-CoA-H

Agenet_dom_plant

EME1/EME2_C

TPR-like_helical_dom_sf

Saposin-like

TPR-like_helical_dom_sf

Protein_kinase_ATP_BS

NAB

Znf_PARP_sf

Scorpion_toxin-like_sf

P-loop_NTPase

MutS_con_dom_sf

TRAF-like

ARID_dom_sf

ELYS_dom

DUF502

Znf_C2H2_sf

Histone-fold

Mms4/EME1/EME2

WD40_repeat_dom_sf

MnmG_N

Histone-fold

Thioredoxin-like_sf

RNaseH_sf

USP7_ICP0-binding_dom

Ankyrin_rpt-contain_sf

Clp_N_dom_sf

WH_DNA-bd_sf

WRKY_dom_sf

TPR-like_helical_dom_sf

BAH_sf

Peptidase_S1_PA

Enolase-like_C_sf

Protein_kinase_ATP_BS

F-box-like_dom_sf

Myb_dom

Hat1_N_sf

Nup133-l ike

Histone_H2A_CS

SKP1/BTB/POZ_sf

snRNP-assoc_SmB/SmN

Histone-fold

WH_DNA-bd_sf

Rrm1

Hat1_N_sf

AS_sf

CAND1/CAND2

PADR1_dom_sf

TPR_repeat

Pds5

KH_dom_type_1_sf

Remorin_C

DNA_ligase_N_sf

TPR-like_helical_dom_sf

Nop52

Znf_RING/FYVE/PHD

Symplekin/Pta1_N

AAA_lid_3

Papain-like_cys_pep_sf

Histone_H2A_CS

Kinesin_motor_dom_sf

WH_DNA-bd_sf

SANT/Myb

MTERF_sf

FAM214/SPAC3H8.04_C

LRR_dom_sf

Interferon-induced_GILT

MCM_lid

LRR_dom_sf

J_dom_sf

NAD(P)-bd_dom_sf

WD40_repeat_dom_sf

HSP20-like_chaperone

Spt16

DNA-bd_pseudobarrel_sf

NAD(P)-bd_dom_sf

CRWN

Deoxycytidylate_deaminase_dom

Timeless_N

DNA-bd_pseudobarrel_sf

Ribokinase-like

AT_hook_DNA-bd_motif

Ribosomal_L14_sf

Histone-fold

SAM_MeTfrase_DRM

SWIB_MDM2_dom_sf

Endo/exonu/phosph_ase_sf

HLH_DNA-bd_sf

Cdc5p/Cef1

Protein_kinase_ATP_BS

MID_MedPIWI

Protein_kinase_ATP_BS

LRR_dom_sf

RBD_domain_sf

YTH_domain

DUF1618

Sm_D1

LRR_dom_sf

UBP13_Znf-UBP_var

WD40_repeat_dom_sf

FNR_nucleotide-bd

BRCT_dom_sf

MAM33_sf

Sugar_P_trans_dom

Histone-fold

WH_DNA-bd_sf

P-loop_NTPase

Ser_caboxypep_his_AS

Cystatin

Histone-fold

CENP-T/H4_C

FKS1-like_dom1

PWWP_dom

snRNA-activating_su3

TPR-like_helical_dom_sf

Histone-fold

Donson

NaCa_Exmemb

Sm_F

Myb-like_dom

Histone-fold

SBP_sf

Cyclin

RBD_domain_sf

Isy1_sf

Rx_N

Kinesin_motor_dom_sf

TPX2_central_dom

PH-like_dom_sf

vWFA_dom_sf

P-loop_NTPase

Ncaph2

DUF630

P-loop_NTPase

Protein_kinase_ATP_BS

SHOC1-like

AHL15-29

RST

WH_DNA-bd_sf

GROEL-like_equatorial_sf

Cyt_P450_sf

DNA/RNA_pol_sf

7-in-absentia-prot_TRAF-dom

DUF1618

Histone-fold

Histone-fold

ATPase_NBD

Kinesin_motor_dom_sf

F-box-like_dom_sf

ELYS_dom

Mlo

SWIB_MDM2_dom_sf

ExoRNase_PH_dom2_sf

MeTrfase_capping

PALE_CRESS

L30e-like

WGR_dom_sf

P-loop_NTPase

WD40_repeat_dom_sf

LRR_dom_sf

AUX/IAA_dom

Rx_N

Kinase-like_dom_sf

P-loop_NTPase

NAB

Papain-like_cys_pep_sf

Xant/urac/vitC

DNA2/NAM7-like_C

Znf_CCHC_sf

RNaseH_sf

G_CP_dom

RNA_pol_Rpb2_2_sf

Histone-fold

SRA-YDG_sf

WRC_dom

WH_DNA-bd_sf

Protein_kinase_ATP_BS

AUX/IAA_dom

ARM-type_fold

Papain-like_cys_pep_sf

WD40_repeat_dom_sf

P-loop_NTPase

Histone-fold

AB_hydrolase

P-loop_NTPase

WD40_repeat_dom_sf

GEBP

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

PI3/4_kinase_cat_sf
WD40_repeat_dom_sf

WPP_sf

Histone-fold

P-loop_NTPase

F-box-like_dom_sf

Znf_C2H2_type

CENP-T/H4_C

P-loop_NTPase

TD_ACT-like_sf

Ribosomal_S5_D2-typ_fold

Urb2/Npa2_C

Trigger_fac_ribosome-bd_sf

GGT_lsub_C

Histone-fold

SF3b_su1-like

SF3A3

RBD_domain_sf

AB_hydrolase

SANTA

RCC1/BLIP-II

IPNS-like

Histone-fold

GHD

G_ENGB_dom

F-box-like_dom_sf

Znf_PHD-finger

Histone-fold

P-loop_NTPase

BRX_N

TBL

Lectin_gal-bd_sf

RBD_domain_sf

L36e_sf

Histone-fold

Histone_H2A_CS

TRCF-like_C

CENP-T/H4_C

WH_DNA-bd_sf

WH_DNA-bd_sf

BRCT_dom_sf

GINS_bundle-like_dom_sf

Aur

RBD_domain_sf

IsoPropMal-DH-like_dom

Ubiquitin-activating_enz

Znf_RanBP2_sf

WD40_repeat_dom_sf

ATPase_NBD

Aquaporin_transptr

RBD_domain_sf

Histone-fold

Kinesin_motor_dom_sf

CASP_dom

HMG_box_dom_sf

Enolase-like_C_sf

Cupin_8

ClpA/ClpB_AAA_lid

MCM_lid

NDX

CTNNBL1

PFN_sf

TEX10/Ipi1

HRD

ARM-type_fold

NT_sf

C-N_Hydrolase_sf

aa-tRNA-synth_II

ARM-type_fold

CENP-T/H4_C

Glyco_hydro_1_N_CS

S1_dom

BLT-like

RBD_domain_sf

SRA-YDG_sf

WW_dom_sf

Rfa2

LRR_dom_sf

Importin_beta

P-loop_NTPase

P-loop_NTPase

CENP-T/H4_C

RibonucZ/Hydroxyglut_hydro

CENP-T/H4_C

Aldolase_TIM

NAD(P)-bd_dom_sf

CENP-T/H4_C

XS_domain_sf

LRR_dom_sf

G_ENGB_dom

LRR_dom_sf

Protein_kinase_ATP_BS

Kinesin_motor_dom_sf

AAA_lid_10

Histone-fold

Znf_RanBP2_sf

TPR-like_helical_dom_sf

Frigida

RNaseH_sf

WD40_repeat_dom_sf

F-box-like_dom_sf

RBD_domain_sf

HMA_dom_sf

TPR-like_helical_dom_sf

WH_DNA-bd_sf

MCM_lid

WD40_repeat_dom_sf

Znf_PHD-finger

Yippee_fam

RBD_domain_sf

DNA-bd_pseudobarrel_sf

Treslin_N

CENP-T/H4_C

SNF2-like_sf

RFA2-like

SNI1

GCP_N

Alfin

CAF1A

FAD/NAD-bd_sf

MTERF_sf

FH2_Formin_sf

Ribosomal_L7A/L8_sf

DUF2062

CENP-T/H4_C

MFS_trans_sf

Tubulin/FtsZ_GTPase_sf

MCM_complex-bd

SKP1-like_dim_sf

NAT12

Histone-fold

Nop52

TPR_repeat

Web

Kinesin_motor_dom_sf

CENP-T/H4_C

THO_THOC1

Pre-SET_CXC

P-loop_NTPase

LRR_dom_sf

Protein_kinase_ATP_BS

SAP_dom

Alpha/beta_knot_MTases

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

CRWN

MTERF_sf

NA-bd_OB-fold

Aur

NA-bd_OB-fold

ClpP/crotonase-like_dom_sf

AUX/IAA_dom

J_dom_sf

Histone_H2A_CS

Ankyrin_rpt-contain_sf

RBD_domain_sf

AN1-like_Znf

ASY3-like

PCI_dom

Nop_C

Cyclin

Ribosomal_L7A/L8_sf

CENP-T/H4_C

GRF

RNaseH_sf

SAM-dependent_MTases

TF_TCP_subgr

cNMP-bd-like

Dev_and_cell_death_domain

LRR_dom_sf

AP2/ERF_dom_sf

ARD_euk

ATX1/2_PHD

RNA_pol_III_Rpc5

5-3_exonuclease_C_sf

G_ERA_dom

P-loop_NTPase

ARM-type_fold

BRCT_dom_sf

WD40_repeat_dom_sf

WHIM1_dom

Protein_kinase_ATP_BS

RBD_domain_sf

EPHD

Znf_CCCH_sf

Kinesin_motor_dom_sf

Methyltr_RsmF_N

CENP-T/H4_C

DA1-like

SAM-dependent_MTases

RBD_domain_sf

Cyt_B5-like_heme/steroid_sf

Papain-like_cys_pep_sf

Znf_PHD-finger

Cdc5p/Cef1

Kinesin_motor_dom_sf

TopoI_DNA-bd_euk_N_sf

TBL

TBRG1

DUF3456

Histone-fold

Znf_C2H2_sf

C2_domain_sf

Lectin_gal-bd_sf

GINS_Psf3_sf

HLH_DNA-bd_sf

RNA_pol_Rpb1_3_sf

MIP1_Leuzipper

F-box-like_dom_sf

LRR_dom_sf

Kelch-typ_b-propeller

P-loop_NTPase

Znf_FYVE-rel

7-in-absentia-prot_TRAF-dom

DNA_primase_lsu_euk

WD40_repeat_dom_sf

PLP-binding_barrel

CHUP1-like

AN1-like_Znf

F-box-like_dom_sf

EXO1_H3TH

Mot2

HAD-like_sf

Ubiquitin-like_domsf

LRR_dom_sf

WD40_repeat_dom_sf

vWFA_dom_sf

DNA-bd_pseudobarrel_sf

J_dom_sf

WD40_repeat_dom_sf

ICR

WIYLD_dom_sf

Kinesin_motor_dom_sf

DUF295

WH_DNA-bd_sf

P-loop_NTPase

GCFC_dom

UBQ-conj_enz_E2-bd_prot

MTERF_sf

CENP-T/H4_C

LRR_dom_sf

DAGAT

UBP13_Znf-UBP_var

SMC_hinge_sf

MPP_PAP

WD40_repeat_dom_sf

PyrdxlP-dep_Trfase

SNO_AAA

TPR_repeat

CDC50/LEM3_fam

TPR-like_helical_dom_sf

AUX/IAA_dom

Myb-like_dom

IF_rod_dom_coil1B

BAH_sf

QWRF

P-loop_NTPase

SPARK

BRCT_dom_sf

T_SNARE_dom

TopoI_DNA-bd_euk_N_sf

DUF1668_ORYSA

P-loop_NTPase

WD40_repeat_dom_sf

P-loop_NTPase

ATAD3

Toll_tir_struct_dom_sf

GLE1-like_sf

Znf_LIM

UBL3-like

SWIB_MDM2_dom_sf

AP2/ERF_dom_sf

Cullin_homology_sf

Nup84/Nup107

DUF1421

RBD_domain_sf

CENP-T/H4_C

Transl_init_fac_IF2/IF5_Zn-bd

Myb_dom

DUF3615

Znf_RING_CS

FH2_Formin_sf

Tesmin/TSO1-like_CXC

AA_transpt_TM

GROEL-like_equatorial_sf

RBD_domain_sf

Methyltransf_25

Cytochrome_B561-rel

Ferritin-like_SF

Rossmann-like_a/b/a_fold

HMG_box_dom_sf

Pumilio_RNA-bd

TPR-like_helical_dom_sf

J_dom_sf

NAD(P)-bd_dom_sf

CSN8_PSD8_EIF3K

SNF2-like_sf

BRCA2_hlx_sf

Kinesin_motor_dom_sf

Thiolase_C

AAA_lid_3

ARM-type_fold

Lectin_gal-bd_sf

D15-l ike

N-reg_PII_CS

Glycoside_hydrolase_SF

Methyltransf_FA

Rrm1

Treslin_N

Pds5

Cyclin-like_sf

EIF3A

AB_hydrolase

J_dom_sf

GROEL-like_equatorial_sf

AAA_lid_3

P-loop_NTPase

LRR_dom_sf

DUF1668_ORYSA

CENP-T/H4_C

Protein_kinase_ATP_BS

P-loop_NTPase

Papain-like_cys_pep_sf

TruB_C

Rx_N

P-loop_NTPase

MCM_lid

ExoRNase_PH_dom2_sf

P-loop_NTPase

ChlI/MoxR_AAA_lid

Vid27

RNApol_insert_sf

NA-bd_OB-fold

SRA-YDG_sf

Web

SNF2-like_sf

MFS_trans_sf

Histone_H2A_CS

EME1/EME2_C

WH_DNA-bd_sf

WD40_repeat_dom_sf

Myb_dom

WD40_repeat_dom_sf

Histone_H2A_CS

DUF597

Nop_C

DNA_primase_lsu_euk

WH_DNA-bd_sf

Papain-like_cys_pep_sf

U5-116kDa_C

Cyclin

Ribosomal_L4_dom_sf

J_dom_sf

PADR1_dom_sf

Znf_RanBP2_sf

RNA_pol_Rpb1_3_sf

Znf_CCCH_sf

BRCT_dom_sf

Homeobox-like_sf

P-loop_NTPase

RBD_domain_sf

P-loop_NTPase

Mur_ligase_C_dom_sf

BAH_sf

LIM-bd/SEUSS

CSN8_PSD8_EIF3K

Band_7/SPFH_dom_sf

F-box-like_dom_sf

F-box-like_dom_sf

RBBP5/Swd1

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

PyrdxlP-dep_Trfase

Fan1-like

SKP1-like_dim_sf

DUF630

CENP-T/H4_C

LRR_dom_sf

RBD_domain_sf

CENP-T/H4_C

Glutathione-S-Trfase_C_sf

Rpn6_C_helix

Thioredoxin-like_sf

Dev_and_cell_death_domain

Thioredoxin-like_sf

CENP-T/H4_C

Znf_RanBP2_sf

P-loop_NTPase

WD40_repeat_dom_sf

DUF3741-assoc

CND3

Pyridoxal_P_attach_site

Znf_CCHC_sf

Ser_caboxypep_his_AS

GROEL-like_equatorial_sf

OCRE

AB_hydrolase

P-loop_NTPase

DUF4094

RBD_domain_sf

Gln_synt_N

Histone-fold

ClpA/ClpB_AAA_lid

DNA/RNA_pol_sf

F-box-like_dom_sf

SNF2-like_sf

DYW_dom

NUP88/NUP82

SSRP1_sf

Rpb5-like

Nup54_alpha-helical_dom

Rad50/SbcC_AAA

F-box-like_dom_sf

WRC_dom

SRA-YDG_sf

HMG_box_dom_sf

RNA_MTrfase_RlmN

SAM-dependent_MTases

Ribokinase-like

IPNS-like

EF_Hand_1_Ca_BS

BAH_sf

D15-l ike AUX/IAA_dom

BRX1

CDCA7/CDA7L

RibonucZ/Hydroxyglut_hydro

SRA-YDG_sf

Telomerase_RBD

PORR_domain

CENP-T/H4_C

Symplekin/Pta1_N

PyrdxlP-dep_Trfase

Ankyrin_rpt-contain_sf

TPX2_central_dom

CENP-T/H4_C

CENP-T/H4_C

RNaseH_sf

JASON

Tensin_phosphatase

7-in-absentia-prot_TRAF-dom

BRCT_dom_sf

GROEL-like_equatorial_sf

Pyrv_Kinase-like_dom_sf
P-loop_NTPase

Mad1

GROEL-like_equatorial_sf

Znf_RanBP2_sf

AS_sf

CRIB_dom_sf

Histone_H2A_CS

WH_DNA-bd_sf

TGA_domain

Subtilisin-like_FN3

Condensin2_G2

Alfin

MFS_trans_sf

Importin_beta

Peptidase_C65_otubain_sub2

Dis3_CSD2

SNF2-like_sf

Kinesin_motor_dom_sf

Ribokinase-like

EXOC6/Sec15_C_dom1

GROEL-like_equatorial_sf

UPF_Ycf55

TPR-like_helical_dom_sf

Nucleoporin_Nup155_C_3

FucosylTrfase_pln

CHUP1-like

ARM-type_fold

AUX/IAA_dom

Histone-fold

Diacylglyc_glucosyltr_N

Neprosin_propep

Kinesin_motor_dom_sf

MORF/ORRM1/DAG-like

Remorin_C

WD40_repeat_dom_sf

BEACH_dom_sf

BRCT_dom_sf

Met_Sox_Rdtase

Mre11_N

RNA_pol_Rpb1_3_sf

Agenet_dom_plant

TPR-like_helical_dom_sf

DUF5600

HMA_dom_sf

R3H_AAA

Gyrase/topoIV_suA_C

SAP_dom_sf

Znf_SWIM

Sec7_dom_sf

Cyclin/Ssn8

Kinesin_motor_dom_sf

Znf_RING/FYVE/PHD

MutS_con_dom_sf

ZPR1_Znf1/2

GrpE_coiled_coil

Pr_cel_nuc_antig_CS

WH_DNA-bd_sf

7-in-absentia-prot_TRAF-dom

Ras_GTPase_bind_prot

WGR_dom_sf

Fe-S-bd_prot_LdpA_C

Peptidase_S54_rhomboid_dom

SEPARIN_core_dom

Rrm1

TPR-like_helical_dom_sf

QWRF

RPB6/omega-like_sf

Pr_cel_nuc_antig_CS

Sugar_P_trans_dom

SSU_processome_Utp11

ALAD_AS

SMC4_ABC_euk

P-loop_NTPase

NA-bd_OB-fold

RNA_pol_Rpb1_3_sf

CNNM

DUF1666

Kinesin_motor_dom_sf

WH-like_DNA-bd_sf

WH_DNA-bd_sf

CAF1A

CENP-T/H4_C

SCAI
CENP-T/H4_C

CDI

Histone-fold

RNA_pol_Rpb2_2_sf

WD40_repeat_dom_sf

Kinesin_motor_dom_sf

DUF3527

J_dom_sf

XPO5

Histone_H2A_CS

AAA_lid_3

Cleav_polyA_spec_factor_su5

PIG-B/GPI10

Histone_H2A_CS

RNApol_insert_sf

MyosinXI_CBD

ABT1/Esf2

SHOC1-like

ATPase_NBD

Rho_GTPase_activation_prot

WD40_repeat_dom_sf

2Fe-2S_ferredoxin-like_sf

Ribosomal_S21e_sf

Pumilio_RNA-bd

VIP1_N

Osmotin/thaumatin-like_sf

Cyclin

His_deacetylse_dom_sf

IPNS-like

DHFR-like_dom_sf

RBD_domain_sf

S4_RNA-bd_sf

Haem_oxidase_HugZ-like_sf

WD40_repeat_dom_sf

Metal_Hydrolase

P-loop_NTPase

Subtilisin-like_FN3

Kinesin_motor_dom_sf

HMG_box_dom_sf

SKP1-like_dim_sf

DNA/RNA_pol_sf

Pectin_lyas_fold

DUF1618

PABP-dom

RBD_domain_sf

P-loop_NTPase

Glyco_hydro_63N_sf

TPR-like_helical_dom_sf

Rho_N_sf

Exp1_repeat_2

BRCT_dom_sf

M/V/L/I-tRNA-synth_anticd-bd

P-loop_NTPase

PolD2_C

Sec3_C

Histone-fold

WRKY_dom_sf

WD40_repeat_dom_sf

F-box-like_dom_sf

Aldolase_TIM

WD40_repeat_dom_sf

Ovate

RNA-dep_RNA_pol_euk-typ

DYW_dom

Histone-fold

DNA_pol_alpha_bsu

At5g01610-l ike

SUVR5_Znf-C2H2_3rpt

Myb_CC_LHEQLE

CENP-T/H4_C

Kinesin_motor_dom_sf

DNA/RNA_pol_sf

PEPTIDASE_A1

ABC1_TM_sf

Mt_carrier_dom_sf

Znf_C2H2_sf

HAD-like_sf

LRR_dom_sf

P-loop_NTPase

Rpn13/ADRM1_sf

Znf_RING/FYVE/PHD

CNDH2_C

DUF3769

AB_hydrolase

Quinoprotein_ADH-like_supfam

SMC_hinge_sf

NAT10

NA-bd_OB-fold

Leo1

JASON

UBP13_Znf-UBP_var

Zinc_finger_PHD-type_CS

RNaseH_sf

RBD_domain_sf

GSTT1/2/3

Dis3_CSD2

J_dom_sf

Tesmin/TSO1-like_CXC

Cyclophilin-like_dom_sf

Ser_caboxypep_his_AS

AP2/ERF_dom_sf

P-loop_NTPase

XPC-bd_sf

DUF936_pln
SMC_hinge_sf

CENP-T/H4_C

HAD-like_sf

TIF2_asu_C

CCR4-NOT_su2/3/5_N_sf

Kinesin_motor_dom_sf

UvrD/AddA_N

AUX/IAA_dom

ARM-type_fold

Haem_Oase-like_multi-hlx

Spt6_death-like

ICR

PWWP_dom

ARM-type_fold

Cyclophilin-like_dom_sf

WD40_repeat_dom_sf

WH-like_DNA-bd_sf

PNPase_PH_RNA-bd_sf

LRR_dom_sf

Bifun_inhib/LTP/seed_sf

PWI_dom_sf

Cyclin

WD40_repeat_dom_sf

Histone-fold

UCH_C

Ub-E1_IAD_1

Histone-fold

tRNA-synt_1_cat_dom

SDH_C

Myb-like_dom

Znf_C2H2_sf

bZIP

Chaperonin_GroES_sf

RBD_domain_sf

Shikimate/glucono_kinase

DUF597

EF_Hand_1_Ca_BS

TMEM14

Kinase-like_dom_sf

AUX/IAA_dom

Kinesin_motor_dom_sf

Znf_C3HC-like

WD40_repeat_dom_sf

DYW_dom

Znf_CCCH_sf

AB_hydrolase

MutS_con_dom_sf

BLT-like

BAH_sf

Metallo-depent_PP-like

Bromodomain-like_sf

Osmotin/thaumatin-like_sf

UFC

His_deacetylse_dom_sf

Glycoside_hydrolase_SF

MTERF_sf

MAU2

Plus3-like_sf

BKI1/MAKR1/3/4

Porin_dom_sf

DEK_C

Ntn_hydrolases_N

PUS1/PUS2-like

IF_rod_dom_coil1B

CSN3

TPR-like_helical_dom_sf

Peptidase_S1_PA

CENP-T/H4_C

Histone-fold

Exp1_repeat_2

Calcineurin-like_PHP_ApaH

DNA/RNA_pol_sf

COBRA_pln

MIP1_Leuzipper

MCM_lid

P-loop_NTPase

Importin_beta

MCM_lid

Rx_N

AB_hydrolase

AT_hook_DNA-bd_motif

WW_dom_sf

CHUP1-like

NAD(P)-bd_dom_sf

HMA_dom_sf

Kinesin_motor_dom_sf

ATAD3

P-loop_NTPase

WRKY_dom_sf

DUF842_euk

YqaJ_viral_recombinase

Porphobilinogen_deaminase_C_sf

RlpA-like_sf

GROEL-like_equatorial_sf

Homeobox-like_sf

LRR_dom_sf

CDC50/LEM3_fam

AS_sf

Cyclin

AUX/IAA_dom

Frigida

TPR_repeat

RBD_domain_sf

DYW_dom

RCC1/BLIP-II

Mcm10

RBD_domain_sf

BRCT_dom_sf

TBL

PInositol-4-P-5-kinase_N

DYW_dom

7-in-absentia-prot_TRAF-dom

RBD_domain_sf

X8

OGT/SEC/SPY_C

LRR_dom_sf

CSTF2_C_sf

Haem_oxidase_HugZ-like_sf

Histone-fold

GluRdtase_dimer_dom_sf

CENP-T/H4_C

SNF2-like_sf

DUF1668_ORYSA

RST

Protein_kinase_ATP_BS

WD40_repeat_dom_sf

RibonucZ/Hydroxyglut_hydro

Ribosomal_S5_D2-typ_fold

HTH_base_excis_C

Kinase-like_dom_sf

CDP-OH_PTrfase_TM_dom

Histone-fold

P-loop_NTPase

TPR-like_helical_dom_sf

Rx_N

WH-like_DNA-bd_sf

BKI1/MAKR1/3/4

Bulb-type_lectin_dom_sf

Cnd1_C

WD40_repeat_dom_sf

Kinesin_motor_dom_sf

Hect_E3_ubiquitin_ligase

Sec1-like_sf

AtJ6-like

Kinesin_motor_dom_sf

Anticodon_Met

SAM-dependent_MTases

LexA/Signal_pep-like_sf

ARID_dom_sf

Znf_C2H2_sf

Rossmann-like_a/b/a_fold

Histone-fold

Nucleoporin_Nup155_C_3

Ald_DH_CS_GLU

Clathrin_AP_dom2

BAH_sf

Histone-fold

AAA_lid_3

MRPL40

Toll_tir_struct_dom_sf

Condensin2_G2

PPR_long

DUF3741-assoc

WH-like_DNA-bd_sf

GIP1

REX4_DEDDh_dom

WH_DNA-bd_sf

TPR-like_helical_dom_sf

RBD_domain_sf

PORR_domain

Cyclophilin-like_dom_sf

WD40_repeat_dom_sf

XRI1

LRR_dom_sf

Znf_NHR/GATA

Noc2

Mediator_Med17

Znf_RING_CS

LRR_dom_sf

ARID_dom_sf

Glutathione-S-Trfase_C_sf

DUF3730

RBD_domain_sf

HCO3_transpt_C

BLT-like

Myb_dom

Clp_N_dom_sf

Histone-fold

Nup186/Nup192/Nup205

P-loop_NTPase

BRCT_dom_sf

DUF4057

AAA_lid_3

TPR-like_helical_dom_sf

MOCS2A

START-like_dom_sf

NAD(P)-bd_dom_sf

HMA_dom_sf

ARM-type_fold

Lsm14-like_N

LRR_dom_sf

Na+/solute_symporter_sf

GINS_Psf3_sf

VPS28_N_sf

Peptidase_M28

GROEL-like_equatorial_sf

EST1

ENT_dom-like_sf

CENP-T/H4_C

Pr_cel_nuc_antig_CS

ALOG_dom

ARM-type_fold

Histone-fold

KH_dom_type_1_sf

Ribosomal_L13_sf

Znf_C2H2_sf

AA_transpt_TM

Ribosomal_S11_sf

Subtilisin-like_FN3

MFS_trans_sf

HORMA_dom_sf

F-box-like_dom_sf

REF

AB_hydrolase

Histone-fold

Kinesin_motor_dom_sf

CRWN

Protein_kinase_ATP_BS

At2g23090-l ike

ARM-type_fold

Papain-like_cys_pep_sf

Kinesin_motor_dom_sf

RPA43_OB

Naf1

ICR

CuRO_3_LCC

RlpA-like_sf

GROEL-like_equatorial_sf

WD40_repeat_dom_sf

TPR-like_helical_dom_sf

SAP_dom_sf

BUD31/G10-rel_CS

Rrm1

Sm_D2

L24e/L24_sf

WH_DNA-bd_sf
SMG1_PIKKc

OPT

Znf_CCHC_sf

Secretory_peroxidase

NA-bd_OB-fold

PDCD2_C

Polycomb_protein_VEFS-Box

AB_hydrolase

BRCT_dom_sf

Histone_H2A_CS

DUF3527

NAC_dom_sf

BAH_sf

Secretory_peroxidase

Cohesin_Scc3/SA

WD40/YVTN_repeat-like_dom_sf

Znf_C3HC4_RING-type

Na+/solute_symporter_sf

DUF2232

Mpp10

Glycoside_hydrolase_SF

SNF2-like_sf

SAM-dependent_MTases

P-loop_NTPase

DAMP1_SANT-like

RBD_domain_sf

PGG_dom

Trypto_synt_PLP_dependent

AA_transpt_TM

CHL1/DDX11

Kinesin_motor_dom_sf

F-box-like_dom_sf

WH-like_DNA-bd_sf

GROEL-like_equatorial_sf

Papain-like_cys_pep_sf

F-box-like_dom_sf

Leo1

Kinesin_motor_dom_sf

Tubulin/FtsZ_C_sf

WH_DNA-bd_sf

ARM-type_fold

WH_DNA-bd_sf

SNF2-like_sf

Kinesin_motor_dom_sf

Histone-fold

DUF4487

Cytochrome_B561-rel

NRDE-2

RBD_domain_sf

LETM1_RBD

Kinesin_motor_dom_sf

Centromere_Mis12

THUMPD1-like

P-loop_NTPase

K+_transporter

Peptidase_S8/S53_dom_sf

Protein_kinase_ATP_BS

Flavoprotein-like_sf

Rx_N

Cleav_polyA_spec_factor_su5

L18e/L15P_sf

AI-2E-like

CENP-T/H4_C

GP_PDE_dom

WH_DNA-bd_sf

Rab-GTPase_TBC_sf

CLU-central

Kinesin_motor_dom_sf

ASF1-like_sf

RNaseH-like_sf

TRIAD_supradom

MTERF_sf

SNF2-like_sf

Histone_H2A_CS

SNF2-like_sf

Protein_kinase_ATP_BS

Ebp2

RRM_DME

Lectin_gal-bd_sf

Histone_H2A_CS

DNA_pol_e_bsu_N

DUF4005

RBD_domain_sf

Anticodon_Met

Mpv17_PMP22

Band_7/SPFH_dom_sf

F-box-like_dom_sf

RBBP5/Swd1

K+_transporter

P-loop_NTPase

RBD_domain_sf

CDCA7/CDA7L

AlkB-like_sf

Peptidase_S1_PA_chymotrypsin

CuRO_3_LCC

PADR1_dom_sf

DBC1/CARP1_inactive_NUDIX_dom

ClpA/ClpB_AAA_lid

DUF1618

Kinesin_motor_dom_sf

Branching_enzy

Myb_dom

BCAT-like_C

DNA-bd_pseudobarrel_sf

ABC1_TM_sf

FAD/NAD-bd_sf

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

P-loop_NTPase

Rx_N

LRR_dom_sf

YTH_domain

WHIM1_dom

WD40_repeat_dom_sf

SWEET_sugar_transpr

Peptidase_S1_PA_chymotrypsin

TIF_IF2_dom3_sf

Tubulin/FtsZ_GTPase_sf

RFWD3

DNA2/NAM7-like_C

TIF_IF2_dom3_sf

At3g27390-l ike

NUP2/50/61
LEA_2

YhbY-like_sf

RlpA-like_sf

TOG

Timeless_N

Kinesin_motor_dom_sf

RopGEF

Remorin_C

FKS1-like_dom1

DEK_C

P-loop_NTPase

DUF1618

WAP

RBD_domain_sf

SHOC1-like

P-loop_NTPase

AAA_lid_3

GIP1

Kinesin_motor_dom_sf

Nucleoporin_Seh1

Tubulin/FtsZ_C_sf

CENP-T/H4_C

Fe_hydrogenase

Agenet_dom_plant

Thioredoxin-like_sf

RBD_domain_sf

Znf_RING/FYVE/PHD

MnmG_N

PPR_long

RNaseH_sf

Histone-fold

Myb_dom

DNA-bd_pseudobarrel_sf

DNA2/NAM7-like_C

BCKD/PDK

Prp19

SWAP/Surp_sf

Znf_PHD-finger

ARM-type_fold

WD40/YVTN_repeat-like_dom_sf

MTERF_sf

ChlI/MoxR_AAA_lid

CENP-T/H4_C

CENP-T/H4_C

Enhancer_polycomb

Aquaporin_transptr

UDP_glucos_trans

5-3_exonuclease_C_sf

BRCT_dom_sf

PPR_long

Kinase-like_dom_sf

SNF2-like_sf

Histone-fold

eIF3l

Rx_N

Methylthiotransferase_N_sf

TPR-like_helical_dom_sf

MyosinXI_CBD

Histone-fold

Papain-like_cys_pep_sf

Dis3_CSD2

WH_DNA-bd_sf

SNF2-like_sf

TPR-like_helical_dom_sf

G6P_1-epimerase

Pept_M16_N

THOC2_N

Bromodomain-like_sf

Mms4/EME1/EME2

Nucellin

Kinesin_motor_dom_sf

ExoRNase_PH_dom2_sf

LRR_dom_sf

P-loop_NTPase

Agenet_dom_plant

Ribosomal_L27_CS

TPR-like_helical_dom_sf

DNA_primase_lsu_euk

WD40/YVTN_repeat-like_dom_sf

Ub-E1_IAD_1

Importin_beta

Kinesin_motor_dom_sf

HATPase_C_sf

Thioredoxin-like_sf

AB_hydrolase

DBC1/CARP1_inactive_NUDIX_dom

Importin_rep_4

RRM_DME

BPM_C

RNA_pol_Rpb2_2_sf

Kinase_OSR1/WNK_CCT

ARM-type_fold

TPR-like_helical_dom_sf

FAD-bd_PCMH-like_sf

MPP_PAP

WD40_repeat_dom_sf

RlpA-like_sf

Histone-fold

SGNH_hydro_sf

DUF630

FANCI_S2

RNaseH_sf

PyrdxlP-dep_Trfase

P-loop_NTPase

Histone_H2A_CS

Mpo1-l ike

Znf-4CXXC_R1

CDC45

WD40_repeat_dom_sf

Histone-fold

SAM-dependent_MTases

ABC1_TM_sf

Sugar_P_trans_dom

Protein_kinase_ATP_BS

Histone-fold

Cyt_B5-like_heme/steroid_sf

XS_domain_sf

PABP-dom

DNA-bd_dom_sf

DNA/RNA_pol_sf

Histone-fold

P-loop_NTPase

NAD(P)-bd_dom_sf

NAD(P)-bd_dom_sf

Kinesin_motor_dom_sf

NAT12

HMA_dom_sf

DUF3741-assoc

Cyclin

SMAD_FHA_dom_sf

IQ_motif_EF-hand-BS

F-box-like_dom_sf

GNK2_sf

Kinase-like_dom_sf

RBD_domain_sf

Jas

Histone_H2A_CS

Ribosomal_L5_N

Histone-fold

CENP-T/H4_C

POLYCHOME/GIG1

ATPase_NBD

Bulb-type_lectin_dom_sf

PC-Esterase

Histone-fold

Protein_kinase_ATP_BS

Ub-E1_IAD_1

Guanylate-bd_C_sf

CarbP_synth_ssu_N_sf

PCI_dom

PRIN2

Protein_kinase_ATP_BS

Ctf8

Cyclin

Uncharacterised_XH

PI3/4_kinase_cat_sf

SAP_dom

LOG_fam

DUF1668_ORYSA

P-loop_NTPase

DNA_ligase_N_sf

NAC_dom_sf

THDP-binding

Sugar_P_trans_dom

Protein_kinase_ATP_BS

LRR_dom_sf

Cyt_P450_sf

CSN5_C

P-loop_NTPase

Znf_C2H2_type

SWAP

WD40_repeat_dom_sf

FAD/NAD-bd_sf

LRR_dom_sf

Kdotransferase

MyTH4_dom_sf

POLAR-like

ER_stress-assoc

CAT_C

Rhodanese-like_dom_sf

HAD-like_sf

TPR-like_helical_dom_sf

MID_MedPIWI

TPR-like_helical_dom_sf

Ald_DH_CS_GLU

DUF1618

Myb/SANT-like_dom

SNF2-like_sf

GRDP-like

GIP1

FKS1-like_dom1

DAO_C_sf

His_deacetylse_dom_sf

Frigida

GRDP-like

SMAD_FHA_dom_sf

Sas10_C_dom

RNaseH_sf

DNA_primase_ssu_euk/arc

Ubiquitin-activating_enz

F-box-like_dom_sf

Ribokinase-like

STMP1

Znf_RING/FYVE/PHD

MBD10/11

Haem_Oase-like_multi-hlx

MAM33_sf

GINS_bundle-like_dom_sf

F-box-like_dom_sf

RibonucZ/Hydroxyglut_hydro

Aquaporin_transptr

Myb_dom

XPO5

Prot_kin_Mps1_fam

P-loop_NTPase

Anticodon_Ile_ABEc

Dev_and_cell_death_domain

SWIB_MDM2_dom_sf

WD40_repeat_dom_sf

RPN1_C

Glutathione-S-Trfase_C_sf

DNA2/NAM7-like_C

RNaseH_sf

CAT_C

WD40_repeat_dom_sf

TPX2_central_dom

Cyt_P450_sf

WH-like_DNA-bd_sf

SNF2-like_sf

Apc5_dom

RBD_domain_sf

Pumilio_RNA-bd

Creatinase/aminopeptidase-like

HAD-like_sf

GROEL-like_equatorial_sf

SNF2-like_sf

Cl-channel_core

Znf_C2H2_sf

PyrdxlP-dep_Trfase

Annexin_sf

DNA_ligase_N_sf

Nse4_C

Papain-like_cys_pep_sf

J_dom_sf

Znf_C2H2_sf

TOG

Rx_N

WD40_repeat_dom_sf

Kelch-typ_b-propeller

DUF630

TPR-like_helical_dom_sf

PEPCASE_His_AS

BLT-like

Condensin_barren_su2

CENP-T/H4_C

NAT10

TRCF-like_C

Cnd1_C

Endo/exonu/phosph_ase_sf

Serpin_sf_2

PMF1/Nnf1

Cnd1_C

GCP_C_sf

Rnp2-like_sf

Uncharacterised_XH

At4g38062-l ike

CRIB_dom_sf

MFS_trans_sf

Shugoshin_C

ARM-type_fold

P-loop_NTPase

CENP-T/H4_C

Kinase-like_dom_sf

PRMT5_C

Morc_S5

Hist-Lys_N-MeTrfase_SET2_plant

Ub-E1_IAD_1

His_deacetylse_dom_sf

DNA-bd_pseudobarrel_sf

NAD(P)-bd_dom_sf

SANT_dom

JASON

Ankyrin_rpt-contain_sf

DUF4378

Protein_kinase_ATP_BS

GROEL-like_equatorial_sf

DUF936_pln

Pr_cel_nuc_antig_CS

ORC6

TPR-like_helical_dom_sf

WH_DNA-bd_sf

SRA-YDG_sf

ClpA/ClpB_AAA_lid

Arg-tRNA-synth_N_sf

Donson

NAD(P)-bd_dom_sf

P-loop_NTPase

Histone-fold

AHL

RFWD3

NAD(P)-bd_dom_sf

CENP-T/H4_C

LRR_dom_sf

TPR-like_helical_dom_sf

TPR-like_helical_dom_sf

Rad50/SbcC_AAA

Kinesin_motor_dom_sf
CENP-T/H4_C

Endochitinase-like_sf

Ankyrin_rpt-contain_sf

Kinase-like_dom_sf

P-loop_NTPase

Nucellin

cNMP-bd-like

ExoRNase_PH_dom2_sf

Endo/exonu/phosph_ase_sf

WD40_repeat_dom_sf

CENP-T/H4_C

WD40_repeat_dom_sf

P-loop_NTPase

DNA_pol_alpha_bsu

Zf-FLZ_dom

CENP-T/H4_C

Condensin_barren_su2

Peptidase_C78_UfSP1/2

Thioredoxin-like_sf

Protein_kinase_ATP_BS

HSP20-like_chaperone

AAA_15

DNA2/NAM7-like_C

P-loop_NTPase

XPOT

PGAP5/Cdc1/Ted1

HDR1

Peptidase_S1_PA

NAC_dom_sf

Ncaph2

Chaperonin_GroES_sf

LRR_dom_sf

Vid27

WH-like_DNA-bd_sf

Subtilisin-like_FN3

Protein_kinase_ATP_BS

GIY-YIG_endonuc_sf

Thioredoxin-like_sf

MutS_con_dom_sf

Lsm7

BRCT_dom_sf

MATE_fam

RBD_domain_sf

DIRP

SH2_dom_sf

AAA_lid_3

RBD_domain_sf

WRC_dom

Histone_H2A_CS

Pept_tRNA_hydro_sf

Rfa2

Kinase-like_dom_sf

SAM-dependent_MTases

ZPR1_Znf1/2

UBQ-conjugating_enzyme/RWD

RNApol_insert_sf

ATX1/2_PHD

TF_TCP_subgr

RNaseH_sf

CRAL-TRIO_dom_sf

WH_DNA-bd_sf

TPR-like_helical_dom_sf

LIM-bd/SEUSS

Znf_PHD-finger

NAB

REF

F-box-like_dom_sf

HMG_box_dom_sf

Ribosomal_L23/L15e_core_dom_sf

NFRKB

snRNP-E

PPR_long

MAP65_Ase1_PRC1

Rx_N

GatB_C_1

NAC_dom_sf

KH_dom_type_1_sf WPP_sf

Cyclin

Alba-like_dom_sf

Znf_C2H2_type

Kinesin_motor_dom_sf

DAGAT

Ribosomal_S3_C_sf

TPR_repeat

GEBP

REPA_OB_2

P-loop_NTPase

Kinesin_motor_dom_sf

Znf_CCCH_sf

NUP2/50/61

Znf_RING/FYVE/PHD

RNaseH_sf

Protein_kinase_ATP_BS

AP2/ERF_dom_sf

HAD-like_sf

WD40_repeat_dom_sf

CENP-T/H4_C

Ribosomal_L7A/L8_sf

Cyt_P450_sf

CENP-T/H4_C

QWRF

Glycoside_hydrolase_SF

PolD2_C

BRCT_dom_sf

Myb-like_dom

YTH_domain

DNK_dom

ATPase_NBD

CENP-T/H4_C

Kinase-like_dom_sf

SRD5A/TECR

Histone_H2A_CS

WD40_repeat_dom_sf

Pyrv_Kinase-like_dom_sf

MCM_lid

DUF1639

F-box-like_dom_sf

Utp6

CDCA7/CDA7L

FH2_Formin_sf

RBD_domain_sf

CENP-T/H4_C

J_dom_sf

TPR-like_helical_dom_sf

RBD_domain_sf

Glyco_hydro_127

MCM_lid

Protein_kinase_ATP_BS

TPR-like_helical_dom_sf

Xant/urac/vitC

Atg6/beclin_CC

NAD(P)-bd_dom_sf

PH-like_dom_sf

FucosylTrfase_pln
Ald_DH_C

CBP80

ARM-type_fold

NAD(P)-bd_dom_sf

Histone-fold

RBD_domain_sf

MFS_trans_sf

Zinc_ribbon_12

NAD(P)-bd_dom_sf

HAD-like_sf

WHIM2_dom

L30e-like

Creatinase/aminopeptidase-like

mRNA_splic_Cwf21_dom

Cullin_repeat-like_dom_sf

TPR-like_helical_dom_sf

P-loop_NTPase

TPR-like_helical_dom_sf

SNF2-like_sf

HATPase_C_sf

TRIAD_supradom

TPR-like_helical_dom_sf

CSN5_C

S1_dom

PPR_long

TPR-like_helical_dom_sf

AA_transpt_TM

Cyclin

Histone-fold

NT_sf

ACOT13

CNNM

vWFA_dom_sf

Histone_H2A_CS

Znf_CCCH_sf

SNF2-like_sf

Prot-tyrosine_phosphatase-like

Germin_Mn-BS

Met-dep_prot_hydro

AUX/IAA_dom

RBD_domain_sf

Trypto_synt_PLP_dependent

Histone-fold

DUF1771

P-loop_NTPase

RibonucZ/Hydroxyglut_hydro

DUF4050

AA_transpt_TM

Kinesin_motor_dom_sf

Kinesin_motor_dom_sf

Protein_kinase_ATP_BS

MutS_con_dom_sf

Rx_N

U5-116kDa_C

CENP-T/H4_C

SNF2-like_sf

LRR_dom_sf

Histone-fold

DYW_dom

DUF3741-assoc

RBBP5/Swd1

GIR2-like

Histone-fold

SAC3/GANP/THP3

BRCT_dom_sf

Telomerase_RBD

Peptidase_S54_rhomboid_dom

Kinesin_motor_dom_sf

Cyt_P450_sf

HMA_dom_sf

Kinesin_motor_dom_sf

TPR-like_helical_dom_sf

F-box-like_dom_sf

Znf-4CXXC_R1

MED15_KIX

ASY3-like

LRR_dom_sf

Red-like

Nop_C

PolD2_C

D15-l ike

Histone_H2A_CS

ASF1-like_sf

Ankyrin_rpt-contain_sf

WD40_repeat_dom_sf

SMC4_ABC_euk

MATE_fam

RBD_domain_sf

Histone-fold

Cnd1_C

ABC1_TM_sf

NPH3_dom

MyTH4_dom_sf

Kinase-like_dom_sf

WD40_repeat_dom_sf

ASY3-like

HLH_DNA-bd_sf

Rx_N

CENP-T/H4_C

ZPR1_Znf1/2

Histone-fold

Cwf19-like

Znf_PHD-finger

Topless_fam

Pr_cel_nuc_antig_CS

IF_2B-like_C

AMP-dep_Synthh-like_sf

HAD-like_sf

P-loop_NTPase

WD40/YVTN_repeat-like_dom_sf

PFU_sf

RPN2_C

NAD(P)-bd_dom_sf

Znf_CCCH

CCT_domain

LRR_dom_sf

Myb_dom

CCT_domain

Cyt_P450_sf

HAD-like_sf

CENP-T/H4_C

ATPase_NBD

Scorpion_toxin-like_sf

PPR_long

Histone-fold

DEK_C

Tubulin/FtsZ_GTPase_sf

Myb_dom

LCCL_sf

EPFL

Protein_kinase_ATP_BS

WRKY_dom_sf

TPR-like_helical_dom_sf

P-loop_NTPase

Kinesin_motor_dom_sf

Kinesin_motor_dom_sf

Inositol_monoP_metal-BS

TPR-like_helical_dom_sf

GROEL-like_equatorial_sf

DUF4220

DUF4057

P-loop_NTPase

SVIP

5-3_exonuclease_C_sf

Saposin-like

Prkrip1

Kinesin_motor_dom_sf

Znf_CCCH_sf

Protein_kinase_ATP_BS

MCM_lid

Nse4/EID

YTH_domain

FH2_Formin_sf

BRCT_dom_sf

CuRO_1_AAO-like

Cyclin-like_sf

Plantacyanin

ssDNA-bd_transcriptional_reg

Cyclin

Znf_RING/FYVE/PHD

Histone-fold

Rad21/Rec8-like

Znf_CCCH_sf

PFU_sf

Tensin_phosphatase

KFase_sf

HATPase_C_sf

Toll_tir_struct_dom_sf

Histone_H2A_CS

Pr_cel_nuc_antig_CS

Glyco_hydro_9_His_AS DUF597

RlpA-like_sf

Histone_H2A_CS

HATPase_C_sf

NPL

LRR_dom_sf

NAP-like_sf

Cyclin

ATPase_NBD

LRR_dom_sf

BES1_N

WD40_repeat_dom_sf

CDC45

Cullin_repeat-like_dom_sf

Peptidase_S1_PA

WD40_repeat_dom_sf

Pesterase_At2g46

GIP1

CAND1/CAND2

Urease_linker

Kri1-like_C

RBD_domain_sf

ClpP/crotonase-like_dom_sf

TPR_repeat

WW_dom_sf

P-loop_NTPase

Palmitoyltrfase_DHHC

Nucleoporin_p58/p45

RBD_domain_sf

POLD3_sf

Myb-like_dom

Ser_caboxypep_his_AS

Cyclophilin-like_dom_sf

FANCI_S2

Znf_RanBP2_sf

Znf_RING/FYVE/PHD

Ubiquitin-activating_enz

SKP1-like_dim_sf

FAD/NAD-bd_sf

TOPRIM_DnaG/twinkle

CDCA7/CDA7L

Trp-tRNA-ligase_bac-type

PALE_CRESS

SRA-YDG_sf

RBD_domain_sf

DUF4057

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

PyrdxlP-dep_Trfase

Lys-tRNA-ligase_II_bac/euk

TPX2_C

TPR-like_helical_dom_sf

ICln/Lot5

Ntn_hydrolases_N

DUF630

5-3_exonuclease_C_sf

Csc1_N

TOPRIM_DnaG/twinkle

Ub-E1_IAD_1

Bin3-like

OGT/SEC/SPY_C

Ski3/TTC37

Arg-tRNA-synth_N_sf

BRCT_dom_sf

NAC_dom_sf

ARM-type_fold

TPR-like_helical_dom_sf

Tubulin/FtsZ_C_sf

Palmitoyltrfase_DHHC

DUF872_TM

WD40_repeat_dom_sf

Znf_C2H2_sf

TPR-like_helical_dom_sf

Cyclin-like_sf

MCM_complex-bd

ARM-type_fold

DYW_dom

Histone-fold

GASA

WH_DNA-bd_sf

CDI

SNF2-like_sf

Kinesin_motor_dom_sf

Bifun_inhib/LTP/seed_sf

Protein_kinase_ATP_BS

F-box-like_dom_sf

MCM_lid

LRR_dom_sf

PPM-type_dom_sf

BAH_sf

ClpA/ClpB_AAA_lid

DUF1771

Kinesin_motor_dom_sf

UDP_glucos_trans

TPR_repeat

Histone-fold

FANCM/Mph1-like

F-box-like_dom_sf

NPL

KOW_Spt5_6

Pyrv_Kinase-like_dom_sf

Sugar_P_trans_dom

Peptidase_M28B

Kinesin_motor_dom_sf

Tesmin/TSO1-like_CXC

P-loop_NTPase

Peptidase_S1_PA_chymotrypsin

RNaseH_sf

MutS_con_dom_sf

TPR-like_helical_dom_sf

MAP65_Ase1_PRC1

Aquaporin_transptr

FAD/NAD-bd_sf

CENP-T/H4_C

RBD_domain_sf

TPR-like_helical_dom_sf

KH_dom_type_1_sf

GIY-YIG_endonuc_sf

Histone-fold

tRNA_ligase_1

Histone-fold

PWWP_dom

Cyclin-like_sf

P-loop_NTPase

Centromere_Mis12

Protein_kinase_ATP_BS

MAM33_sf

HATPase_C_sf

Znf_RanBP2_sf

Tubulin/FtsZ_C_sf

DNA/RNA_pol_sf

INO80B/Ies2

HAUS3_N

Spo22/ZIP4/TEX11

Histone_H2A_CS

WD40_repeat_dom_sf

BAF250/Osa

RNR-like

TPX2_central_dom

TruB_C

FN3_sf

WPP_sf

NAD(P)-bd_dom_sf

ARD_euk

CENP-T/H4_C

FN3_sf

Anticodon-bd_dom_sf

HNH_nuc

Kinesin_motor_dom_sf

RNase_III_sf

GCFC_dom

Malectin-like_Carb-bd_dom

Histone_H2A_CS

Histone-fold

Peptidase_A22B_SPP

CENP-C/Mif2/cnp3

LRR_dom_sf

SCAR/WAVE_fam

DNA-bd_pseudobarrel_sf

VAP

RBD_domain_sf

Histone-fold

SAP_dom_sf

EXO1_H3TH

Palmitoyltrfase_DHHC

Myb_dom

NAC_dom_sf

Aminopeptidase_N-like_N

Rubisco_LSMT_subst-bd_sf

E3_ELL-like

C-N_Hydrolase_sf

Methyltransf_25

Glyco_hydro_9_Asp/Glu_AS

P-loop_NTPase

FBXO4

GCP_C_sf

Spc25

Peptidase_C15-like_sf

L24e/L24_sf

Rx_N

DNK_dom

WD40_repeat_dom_sf

DHS-like_NAD/FAD-binding_dom

Shugoshin_C

MCM_lid

DUF1618

TPR-like_helical_dom_sf

Sec8/EXOC4

APC1_C

IPNS-like

TOPRIM_TopoIII

CENP-T/H4_C

Papain-like_cys_pep_sf

NT-C2

POLD3_sf

MCM_lid

RibonucZ/Hydroxyglut_hydro

PEPTIDASE_A1

Oberon_PHD

CDI

ARM-type_fold

SE/Ars2

MAP70

Rrm1

Transl_init_fac_IF2/IF5_Zn-bd

WD40_repeat_dom_sf

TPR_repeat

WD40_repeat_dom_sf

WD40_repeat_dom_sf

VIR_N

Cit_transptr-like_dom

Aminotrans_V_PyrdxlP_BS

P-loop_NTPase

At4g26450-l ike

Histone-fold

AB_hydrolase

Papain-like_cys_pep_sf

Histone_H2A_CS

Marf1

Nup186/Nup192/Nup205

Ribosomal_L17_sf

CENP-T/H4_C

Lsm7

L40e_sf

WD40_repeat_dom_sf

DedA

LysM_dom_sf

Cyclin

DNA-bd_pseudobarrel_sf

WD40_repeat_dom_sf

Histone-fold

Mn/Fe_SOD_N_sf

CENP-T/H4_C

TPR-like_helical_dom_sf

TF_TCP_subgr

Papain-like_cys_pep_sf

Kinesin_motor_dom_sf

Subtilisin-like_FN3

HMG_box_dom_sf

GHD

Myb_dom

GOSR2/Membrin/Bos1

ATPase_NBD

Rad9

ARM-type_fold

STPPase_N

Histone-fold

P-loop_NTPase

Ankyrin_rpt-contain_sf

DUF3741-assoc

Histone-fold

WD40_repeat_dom_sf

Inner_centromere_prot_ARK-bd

HMA_dom_sf

Treslin_N

LRR_dom_sf

BAH_sf

RPL14_KOW

WH_DNA-bd_sf

WD40_repeat_dom_sf

WH_DNA-bd_sf

Ribosomal_L14_sf C-N_Hydrolase_sf

Histone-fold

Histone-fold

F-box-like_dom_sf

POLAR-like

Histone-fold

7-in-absentia-prot_TRAF-dom

CENP-T/H4_C

RBD_domain_sf

SUN_dom

Cyclin

Arg-tRNA-synth_N_sf

BRCT_dom_sf

Protein_kinase_ATP_BS

Sec3-PIP2_bind

LTSS

Nucleoporin_S59-like

DNA_primase_ssu_euk/arc

Condensin_barren_su2

AT_hook_DNA-bd_motif
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Figure 4.18. Enrichment of histone, HMG, and cyclin genes in nodes with highest 
outdegree in the upregulated indTaRKD1-7D #2.28 shared DEGs coexpression network. 
Top 10 nodes with the highest indegree of the upregulated indTaRKD1-7D #2.28 shared DEGs 
coexpression network are plotted with a log10 transformation. Outdegree is the number of 
coexpression correlation directed out of that node. Point size is determined by the differential 
log2 fold change of that gene in the IE_TM vs IE_WE pairwise comparison as denoted on the 
legend on the right. The adjusted p value is computed by taking the -log10 of the differential 
expression p value from the IE_TM vs IE_WE pairwise comparison for that gene and is 
coloured as denoted on the legend on the right. 
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Histone-fold

Kinase-like_dom_sf

Alba-like_dom_sf

F-box-like_dom_sf

Creatinase/aminopeptidase-like

Donson

TPR-like_helical_dom_sf

Histone_H2A_CS

WD40_repeat_dom_sf

VAP

ALG12

SWIB_MDM2_dom_sf

Choline_transptr-like

GROEL-like_equatorial_sf

Ald_DH_C

Histone-fold

HATPase_C_sf

Rho_N_sf

HLH_DNA-bd_sf

WD40/YVTN_repeat-like_dom_sf

ARM-type_fold

Whirly

Histone-fold

Histone-fold

cNMP-bd-like

MyosinXI_CBD

KELP

EPHD

F-box-like_dom_sf

CRIB_dom_sf

CENP-T/H4_C

RUVBL2_DII

Msp1

CENP-T/H4_C

Remorin_C

NAC_dom_sf

J_dom_sf

RBD_domain_sf

FANCM/Mph1-like

RuvB-like_C

CHUP1-like

NPH3/RPT2-like

UDP-sugar_pyrophosphorylase

YTH_domain

TRAF-like

M3A_MIP

Rad21/Rec8-like

AUX/IAA_dom

P-loop_NTPase

Prot_kin_Mps1_fam

J_dom_sf

cNMP-bd-like

CENP-T/H4_C

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

Histone_H2A_CS

Histone-fold

CENP-T/H4_C

Protein_kinase_ATP_BS

SNF2-like_sf

Kinesin_motor_dom_sf

Ub-E1_IAD_1

Znf_RING/FYVE/PHD

Glycoside_hydrolase_SF

Rossmann-like_a/b/a_fold

HMG_box_dom_sf

Protein_kinase_ATP_BS

Histone-fold

CENP-T/H4_C

WD40_repeat_dom_sf

RBD_domain_sf

Haem_Oase-like_multi-hlx

Kinesin_motor_dom_sf

FAS_N

vWFA_dom_sf

Sugar_P_trans_dom

SAM-dependent_MTases

DUF3741-assoc

F-box-like_dom_sf

SGNH_hydro_sf

TamB

WD40_repeat_dom_sf

Ras_GTPase_bind_prot

MAGE_WH2

WW_dom_sf

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

HIBYL-CoA-H

Agenet_dom_plant

EME1/EME2_C

TPR-like_helical_dom_sf

Saposin-like

TPR-like_helical_dom_sf

Protein_kinase_ATP_BS

NAB

Znf_PARP_sf

Scorpion_toxin-like_sf

P-loop_NTPase

MutS_con_dom_sf

TRAF-like

ARID_dom_sf

ELYS_dom

DUF502

Znf_C2H2_sf

Histone-fold

Mms4/EME1/EME2

WD40_repeat_dom_sf

MnmG_N

Histone-fold

Thioredoxin-like_sf

RNaseH_sf

USP7_ICP0-binding_dom

Ankyrin_rpt-contain_sf

Clp_N_dom_sf

WH_DNA-bd_sf

WRKY_dom_sf

TPR-like_helical_dom_sf

BAH_sf

Peptidase_S1_PA

Enolase-like_C_sf

Protein_kinase_ATP_BS

F-box-like_dom_sf

Myb_dom

Hat1_N_sf

Nup133-l ike

Histone_H2A_CS

SKP1/BTB/POZ_sf

snRNP-assoc_SmB/SmN

Histone-fold

WH_DNA-bd_sf

Rrm1

Hat1_N_sf

AS_sf

CAND1/CAND2

PADR1_dom_sf

TPR_repeat

Pds5

KH_dom_type_1_sf

Remorin_C

DNA_ligase_N_sf

TPR-like_helical_dom_sf

Nop52

Znf_RING/FYVE/PHD

Symplekin/Pta1_N

AAA_lid_3

Papain-like_cys_pep_sf

Histone_H2A_CS

Kinesin_motor_dom_sf

WH_DNA-bd_sf

SANT/Myb

MTERF_sf

FAM214/SPAC3H8.04_C

LRR_dom_sf

Interferon-induced_GILT

MCM_lid

LRR_dom_sf

J_dom_sf

NAD(P)-bd_dom_sf

WD40_repeat_dom_sf

HSP20-like_chaperone

Spt16

DNA-bd_pseudobarrel_sf

NAD(P)-bd_dom_sf

CRWN

Deoxycytidylate_deaminase_dom

Timeless_N

DNA-bd_pseudobarrel_sf

Ribokinase-like

AT_hook_DNA-bd_motif

Ribosomal_L14_sf

Histone-fold

SAM_MeTfrase_DRM

SWIB_MDM2_dom_sf

Endo/exonu/phosph_ase_sf

HLH_DNA-bd_sf

Cdc5p/Cef1

Protein_kinase_ATP_BS

MID_MedPIWI

Protein_kinase_ATP_BS

LRR_dom_sf

RBD_domain_sf

YTH_domain

DUF1618

Sm_D1

LRR_dom_sf

UBP13_Znf-UBP_var

WD40_repeat_dom_sf

FNR_nucleotide-bd

BRCT_dom_sf

MAM33_sf

Sugar_P_trans_dom

Histone-fold

WH_DNA-bd_sf

P-loop_NTPase

Ser_caboxypep_his_AS

Cystatin

Histone-fold

CENP-T/H4_C

FKS1-like_dom1

PWWP_dom

snRNA-activating_su3

TPR-like_helical_dom_sf

Histone-fold

Donson

NaCa_Exmemb

Sm_F

Myb-like_dom

Histone-fold

SBP_sf

Cyclin

RBD_domain_sf

Isy1_sf

Rx_N

Kinesin_motor_dom_sf

TPX2_central_dom

PH-like_dom_sf

vWFA_dom_sf

P-loop_NTPase

Ncaph2

DUF630

P-loop_NTPase

Protein_kinase_ATP_BS

SHOC1-like

AHL15-29

RST

WH_DNA-bd_sf

GROEL-like_equatorial_sf

Cyt_P450_sf

DNA/RNA_pol_sf

7-in-absentia-prot_TRAF-dom

DUF1618

Histone-fold

Histone-fold

ATPase_NBD

Kinesin_motor_dom_sf

F-box-like_dom_sf

ELYS_dom

Mlo

SWIB_MDM2_dom_sf

ExoRNase_PH_dom2_sf

MeTrfase_capping

PALE_CRESS

L30e-like

WGR_dom_sf

P-loop_NTPase

WD40_repeat_dom_sf

LRR_dom_sf

AUX/IAA_dom

Rx_N

Kinase-like_dom_sf

P-loop_NTPase

NAB

Papain-like_cys_pep_sf

Xant/urac/vitC

DNA2/NAM7-like_C

Znf_CCHC_sf

RNaseH_sf

G_CP_dom

RNA_pol_Rpb2_2_sf

Histone-fold

SRA-YDG_sf

WRC_dom

WH_DNA-bd_sf

Protein_kinase_ATP_BS

AUX/IAA_dom

ARM-type_fold

Papain-like_cys_pep_sf

WD40_repeat_dom_sf

P-loop_NTPase

Histone-fold

AB_hydrolase

P-loop_NTPase

WD40_repeat_dom_sf

GEBP

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

PI3/4_kinase_cat_sf
WD40_repeat_dom_sf

WPP_sf

Histone-fold

P-loop_NTPase

F-box-like_dom_sf

Znf_C2H2_type

CENP-T/H4_C

P-loop_NTPase

TD_ACT-like_sf

Ribosomal_S5_D2-typ_fold

Urb2/Npa2_C

Trigger_fac_ribosome-bd_sf

GGT_lsub_C

Histone-fold

SF3b_su1-like

SF3A3

RBD_domain_sf

AB_hydrolase

SANTA

RCC1/BLIP-II

IPNS-like

Histone-fold

GHD

G_ENGB_dom

F-box-like_dom_sf

Znf_PHD-finger

Histone-fold

P-loop_NTPase

BRX_N

TBL

Lectin_gal-bd_sf

RBD_domain_sf

L36e_sf

Histone-fold

Histone_H2A_CS

TRCF-like_C

CENP-T/H4_C

WH_DNA-bd_sf

WH_DNA-bd_sf

BRCT_dom_sf

GINS_bundle-like_dom_sf

Aur

RBD_domain_sf

IsoPropMal-DH-like_dom

Ubiquitin-activating_enz

Znf_RanBP2_sf

WD40_repeat_dom_sf

ATPase_NBD

Aquaporin_transptr

RBD_domain_sf

Histone-fold

Kinesin_motor_dom_sf

CASP_dom

HMG_box_dom_sf

Enolase-like_C_sf

Cupin_8

ClpA/ClpB_AAA_lid

MCM_lid

NDX

CTNNBL1

PFN_sf

TEX10/Ipi1

HRD

ARM-type_fold

NT_sf

C-N_Hydrolase_sf

aa-tRNA-synth_II

ARM-type_fold

CENP-T/H4_C

Glyco_hydro_1_N_CS

S1_dom

BLT-like

RBD_domain_sf

SRA-YDG_sf

WW_dom_sf

Rfa2

LRR_dom_sf

Importin_beta

P-loop_NTPase

P-loop_NTPase

CENP-T/H4_C

RibonucZ/Hydroxyglut_hydro

CENP-T/H4_C

Aldolase_TIM

NAD(P)-bd_dom_sf

CENP-T/H4_C

XS_domain_sf

LRR_dom_sf

G_ENGB_dom

LRR_dom_sf

Protein_kinase_ATP_BS

Kinesin_motor_dom_sf

AAA_lid_10

Histone-fold

Znf_RanBP2_sf

TPR-like_helical_dom_sf

Frigida

RNaseH_sf

WD40_repeat_dom_sf

F-box-like_dom_sf

RBD_domain_sf

HMA_dom_sf

TPR-like_helical_dom_sf

WH_DNA-bd_sf

MCM_lid

WD40_repeat_dom_sf

Znf_PHD-finger

Yippee_fam

RBD_domain_sf

DNA-bd_pseudobarrel_sf

Treslin_N

CENP-T/H4_C

SNF2-like_sf

RFA2-like

SNI1

GCP_N

Alfin

CAF1A

FAD/NAD-bd_sf

MTERF_sf

FH2_Formin_sf

Ribosomal_L7A/L8_sf

DUF2062

CENP-T/H4_C

MFS_trans_sf

Tubulin/FtsZ_GTPase_sf

MCM_complex-bd

SKP1-like_dim_sf

NAT12

Histone-fold

Nop52

TPR_repeat

Web

Kinesin_motor_dom_sf

CENP-T/H4_C

THO_THOC1

Pre-SET_CXC

P-loop_NTPase

LRR_dom_sf

Protein_kinase_ATP_BS

SAP_dom

Alpha/beta_knot_MTases

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

CRWN

MTERF_sf

NA-bd_OB-fold

Aur

NA-bd_OB-fold

ClpP/crotonase-like_dom_sf

AUX/IAA_dom

J_dom_sf

Histone_H2A_CS

Ankyrin_rpt-contain_sf

RBD_domain_sf

AN1-like_Znf

ASY3-like

PCI_dom

Nop_C

Cyclin

Ribosomal_L7A/L8_sf

CENP-T/H4_C

GRF

RNaseH_sf

SAM-dependent_MTases

TF_TCP_subgr

cNMP-bd-like

Dev_and_cell_death_domain

LRR_dom_sf

AP2/ERF_dom_sf

ARD_euk

ATX1/2_PHD

RNA_pol_III_Rpc5

5-3_exonuclease_C_sf

G_ERA_dom

P-loop_NTPase

ARM-type_fold

BRCT_dom_sf

WD40_repeat_dom_sf

WHIM1_dom

Protein_kinase_ATP_BS

RBD_domain_sf

EPHD

Znf_CCCH_sf

Kinesin_motor_dom_sf

Methyltr_RsmF_N

CENP-T/H4_C

DA1-like

SAM-dependent_MTases

RBD_domain_sf

Cyt_B5-like_heme/steroid_sf

Papain-like_cys_pep_sf

Znf_PHD-finger

Cdc5p/Cef1

Kinesin_motor_dom_sf

TopoI_DNA-bd_euk_N_sf

TBL

TBRG1

DUF3456

Histone-fold

Znf_C2H2_sf

C2_domain_sf

Lectin_gal-bd_sf

GINS_Psf3_sf

HLH_DNA-bd_sf

RNA_pol_Rpb1_3_sf

MIP1_Leuzipper

F-box-like_dom_sf

LRR_dom_sf

Kelch-typ_b-propeller

P-loop_NTPase

Znf_FYVE-rel

7-in-absentia-prot_TRAF-dom

DNA_primase_lsu_euk

WD40_repeat_dom_sf

PLP-binding_barrel

CHUP1-like

AN1-like_Znf

F-box-like_dom_sf

EXO1_H3TH

Mot2

HAD-like_sf

Ubiquitin-like_domsf

LRR_dom_sf

WD40_repeat_dom_sf

vWFA_dom_sf

DNA-bd_pseudobarrel_sf

J_dom_sf

WD40_repeat_dom_sf

ICR

WIYLD_dom_sf

Kinesin_motor_dom_sf

DUF295

WH_DNA-bd_sf

P-loop_NTPase

GCFC_dom

UBQ-conj_enz_E2-bd_prot

MTERF_sf

CENP-T/H4_C

LRR_dom_sf

DAGAT

UBP13_Znf-UBP_var

SMC_hinge_sf

MPP_PAP

WD40_repeat_dom_sf

PyrdxlP-dep_Trfase

SNO_AAA

TPR_repeat

CDC50/LEM3_fam

TPR-like_helical_dom_sf

AUX/IAA_dom

Myb-like_dom

IF_rod_dom_coil1B

BAH_sf

QWRF

P-loop_NTPase

SPARK

BRCT_dom_sf

T_SNARE_dom

TopoI_DNA-bd_euk_N_sf

DUF1668_ORYSA

P-loop_NTPase

WD40_repeat_dom_sf

P-loop_NTPase

ATAD3

Toll_tir_struct_dom_sf

GLE1-like_sf

Znf_LIM

UBL3-like

SWIB_MDM2_dom_sf

AP2/ERF_dom_sf

Cullin_homology_sf

Nup84/Nup107

DUF1421

RBD_domain_sf

CENP-T/H4_C

Transl_init_fac_IF2/IF5_Zn-bd

Myb_dom

DUF3615

Znf_RING_CS

FH2_Formin_sf

Tesmin/TSO1-like_CXC

AA_transpt_TM

GROEL-like_equatorial_sf

RBD_domain_sf

Methyltransf_25

Cytochrome_B561-rel

Ferritin-like_SF

Rossmann-like_a/b/a_fold

HMG_box_dom_sf

Pumilio_RNA-bd

TPR-like_helical_dom_sf

J_dom_sf

NAD(P)-bd_dom_sf

CSN8_PSD8_EIF3K

SNF2-like_sf

BRCA2_hlx_sf

Kinesin_motor_dom_sf

Thiolase_C

AAA_lid_3

ARM-type_fold

Lectin_gal-bd_sf

D15-l ike

N-reg_PII_CS

Glycoside_hydrolase_SF

Methyltransf_FA

Rrm1

Treslin_N

Pds5

Cyclin-like_sf

EIF3A

AB_hydrolase

J_dom_sf

GROEL-like_equatorial_sf

AAA_lid_3

P-loop_NTPase

LRR_dom_sf

DUF1668_ORYSA

CENP-T/H4_C

Protein_kinase_ATP_BS

P-loop_NTPase

Papain-like_cys_pep_sf

TruB_C

Rx_N

P-loop_NTPase

MCM_lid

ExoRNase_PH_dom2_sf

P-loop_NTPase

ChlI/MoxR_AAA_lid

Vid27

RNApol_insert_sf

NA-bd_OB-fold

SRA-YDG_sf

Web

SNF2-like_sf

MFS_trans_sf

Histone_H2A_CS

EME1/EME2_C

WH_DNA-bd_sf

WD40_repeat_dom_sf

Myb_dom

WD40_repeat_dom_sf

Histone_H2A_CS

DUF597

Nop_C

DNA_primase_lsu_euk

WH_DNA-bd_sf

Papain-like_cys_pep_sf

U5-116kDa_C

Cyclin

Ribosomal_L4_dom_sf

J_dom_sf

PADR1_dom_sf

Znf_RanBP2_sf

RNA_pol_Rpb1_3_sf

Znf_CCCH_sf

BRCT_dom_sf

Homeobox-like_sf

P-loop_NTPase

RBD_domain_sf

P-loop_NTPase

Mur_ligase_C_dom_sf

BAH_sf

LIM-bd/SEUSS

CSN8_PSD8_EIF3K

Band_7/SPFH_dom_sf

F-box-like_dom_sf

F-box-like_dom_sf

RBBP5/Swd1

Protein_kinase_ATP_BS

Protein_kinase_ATP_BS

PyrdxlP-dep_Trfase

Fan1-like

SKP1-like_dim_sf

DUF630

CENP-T/H4_C

LRR_dom_sf

RBD_domain_sf

CENP-T/H4_C

Glutathione-S-Trfase_C_sf

Rpn6_C_helix

Thioredoxin-like_sf

Dev_and_cell_death_domain

Thioredoxin-like_sf

CENP-T/H4_C

Znf_RanBP2_sf

P-loop_NTPase

WD40_repeat_dom_sf

DUF3741-assoc

CND3

Pyridoxal_P_attach_site

Znf_CCHC_sf

Ser_caboxypep_his_AS

GROEL-like_equatorial_sf

OCRE

AB_hydrolase

P-loop_NTPase

DUF4094

RBD_domain_sf

Gln_synt_N

Histone-fold

ClpA/ClpB_AAA_lid

DNA/RNA_pol_sf

F-box-like_dom_sf

SNF2-like_sf

DYW_dom

NUP88/NUP82

SSRP1_sf

Rpb5-like

Nup54_alpha-helical_dom

Rad50/SbcC_AAA

F-box-like_dom_sf

WRC_dom

SRA-YDG_sf

HMG_box_dom_sf

RNA_MTrfase_RlmN

SAM-dependent_MTases

Ribokinase-like

IPNS-like

EF_Hand_1_Ca_BS

BAH_sf

D15-l ike AUX/IAA_dom

BRX1

CDCA7/CDA7L

RibonucZ/Hydroxyglut_hydro

SRA-YDG_sf

Telomerase_RBD

PORR_domain

CENP-T/H4_C

Symplekin/Pta1_N

PyrdxlP-dep_Trfase

Ankyrin_rpt-contain_sf

TPX2_central_dom

CENP-T/H4_C

CENP-T/H4_C

RNaseH_sf

JASON

Tensin_phosphatase

7-in-absentia-prot_TRAF-dom

BRCT_dom_sf

GROEL-like_equatorial_sf

Pyrv_Kinase-like_dom_sf
P-loop_NTPase

Mad1

GROEL-like_equatorial_sf

Znf_RanBP2_sf

AS_sf

CRIB_dom_sf

Histone_H2A_CS

WH_DNA-bd_sf

TGA_domain

Subtilisin-like_FN3

Condensin2_G2

Alfin

MFS_trans_sf

Importin_beta

Peptidase_C65_otubain_sub2

Dis3_CSD2

SNF2-like_sf

Kinesin_motor_dom_sf

Ribokinase-like

EXOC6/Sec15_C_dom1

GROEL-like_equatorial_sf

UPF_Ycf55

TPR-like_helical_dom_sf

Nucleoporin_Nup155_C_3

FucosylTrfase_pln

CHUP1-like

ARM-type_fold

AUX/IAA_dom

Histone-fold

Diacylglyc_glucosyltr_N

Neprosin_propep

Kinesin_motor_dom_sf

MORF/ORRM1/DAG-like

Remorin_C

WD40_repeat_dom_sf

BEACH_dom_sf

BRCT_dom_sf

Met_Sox_Rdtase

Mre11_N

RNA_pol_Rpb1_3_sf

Agenet_dom_plant

TPR-like_helical_dom_sf

DUF5600

HMA_dom_sf

R3H_AAA

Gyrase/topoIV_suA_C

SAP_dom_sf

Znf_SWIM

Sec7_dom_sf

Cyclin/Ssn8

Kinesin_motor_dom_sf

Znf_RING/FYVE/PHD

MutS_con_dom_sf

ZPR1_Znf1/2

GrpE_coiled_coil

Pr_cel_nuc_antig_CS

WH_DNA-bd_sf

7-in-absentia-prot_TRAF-dom

Ras_GTPase_bind_prot

WGR_dom_sf

Fe-S-bd_prot_LdpA_C

Peptidase_S54_rhomboid_dom

SEPARIN_core_dom

Rrm1

TPR-like_helical_dom_sf

QWRF

RPB6/omega-like_sf

Pr_cel_nuc_antig_CS

Sugar_P_trans_dom

SSU_processome_Utp11

ALAD_AS

SMC4_ABC_euk

P-loop_NTPase

NA-bd_OB-fold

RNA_pol_Rpb1_3_sf

CNNM

DUF1666

Kinesin_motor_dom_sf

WH-like_DNA-bd_sf

WH_DNA-bd_sf

CAF1A

CENP-T/H4_C

SCAI
CENP-T/H4_C

CDI

Histone-fold

RNA_pol_Rpb2_2_sf

WD40_repeat_dom_sf

Kinesin_motor_dom_sf

DUF3527

J_dom_sf

XPO5

Histone_H2A_CS

AAA_lid_3

Cleav_polyA_spec_factor_su5

PIG-B/GPI10

Histone_H2A_CS

RNApol_insert_sf

MyosinXI_CBD

ABT1/Esf2

SHOC1-like

ATPase_NBD

Rho_GTPase_activation_prot

WD40_repeat_dom_sf

2Fe-2S_ferredoxin-like_sf

Ribosomal_S21e_sf

Pumilio_RNA-bd

VIP1_N

Osmotin/thaumatin-like_sf

Cyclin

His_deacetylse_dom_sf

IPNS-like

DHFR-like_dom_sf

RBD_domain_sf

S4_RNA-bd_sf

Haem_oxidase_HugZ-like_sf

WD40_repeat_dom_sf

Metal_Hydrolase

P-loop_NTPase

Subtilisin-like_FN3

Kinesin_motor_dom_sf

HMG_box_dom_sf

SKP1-like_dim_sf

DNA/RNA_pol_sf

Pectin_lyas_fold

DUF1618

PABP-dom

RBD_domain_sf

P-loop_NTPase

Glyco_hydro_63N_sf

TPR-like_helical_dom_sf

Rho_N_sf

Exp1_repeat_2

BRCT_dom_sf

M/V/L/I-tRNA-synth_anticd-bd

P-loop_NTPase

PolD2_C

Sec3_C

Histone-fold

WRKY_dom_sf

WD40_repeat_dom_sf

F-box-like_dom_sf

Aldolase_TIM

WD40_repeat_dom_sf

Ovate

RNA-dep_RNA_pol_euk-typ

DYW_dom

Histone-fold

DNA_pol_alpha_bsu

At5g01610-l ike

SUVR5_Znf-C2H2_3rpt

Myb_CC_LHEQLE

CENP-T/H4_C

Kinesin_motor_dom_sf

DNA/RNA_pol_sf

PEPTIDASE_A1

ABC1_TM_sf

Mt_carrier_dom_sf

Znf_C2H2_sf

HAD-like_sf

LRR_dom_sf

P-loop_NTPase

Rpn13/ADRM1_sf

Znf_RING/FYVE/PHD

CNDH2_C

DUF3769

AB_hydrolase

Quinoprotein_ADH-like_supfam

SMC_hinge_sf

NAT10

NA-bd_OB-fold

Leo1

JASON

UBP13_Znf-UBP_var

Zinc_finger_PHD-type_CS

RNaseH_sf

RBD_domain_sf

GSTT1/2/3

Dis3_CSD2

J_dom_sf

Tesmin/TSO1-like_CXC

Cyclophilin-like_dom_sf

Ser_caboxypep_his_AS

AP2/ERF_dom_sf

P-loop_NTPase

XPC-bd_sf

DUF936_pln
SMC_hinge_sf

CENP-T/H4_C

HAD-like_sf

TIF2_asu_C

CCR4-NOT_su2/3/5_N_sf

Kinesin_motor_dom_sf

UvrD/AddA_N

AUX/IAA_dom

ARM-type_fold

Haem_Oase-like_multi-hlx

Spt6_death-like

ICR

PWWP_dom

ARM-type_fold

Cyclophilin-like_dom_sf

WD40_repeat_dom_sf

WH-like_DNA-bd_sf

PNPase_PH_RNA-bd_sf

LRR_dom_sf

Bifun_inhib/LTP/seed_sf

PWI_dom_sf

Cyclin

WD40_repeat_dom_sf

Histone-fold

UCH_C

Ub-E1_IAD_1

Histone-fold

tRNA-synt_1_cat_dom

SDH_C

Myb-like_dom

Znf_C2H2_sf

bZIP

Chaperonin_GroES_sf

RBD_domain_sf

Shikimate/glucono_kinase

DUF597

EF_Hand_1_Ca_BS

TMEM14

Kinase-like_dom_sf

AUX/IAA_dom

Kinesin_motor_dom_sf

Znf_C3HC-like

WD40_repeat_dom_sf

DYW_dom

Znf_CCCH_sf

AB_hydrolase

MutS_con_dom_sf

BLT-like

BAH_sf

Metallo-depent_PP-like

Bromodomain-like_sf

Osmotin/thaumatin-like_sf

UFC

His_deacetylse_dom_sf

Glycoside_hydrolase_SF

MTERF_sf

MAU2

Plus3-like_sf

BKI1/MAKR1/3/4

Porin_dom_sf

DEK_C

Ntn_hydrolases_N

PUS1/PUS2-like

IF_rod_dom_coil1B

CSN3

TPR-like_helical_dom_sf

Peptidase_S1_PA

CENP-T/H4_C

Histone-fold

Exp1_repeat_2

Calcineurin-like_PHP_ApaH

DNA/RNA_pol_sf

COBRA_pln

MIP1_Leuzipper

MCM_lid

P-loop_NTPase

Importin_beta

MCM_lid

Rx_N

AB_hydrolase

AT_hook_DNA-bd_motif

WW_dom_sf

CHUP1-like

NAD(P)-bd_dom_sf

HMA_dom_sf

Kinesin_motor_dom_sf

ATAD3

P-loop_NTPase

WRKY_dom_sf

DUF842_euk

YqaJ_viral_recombinase

Porphobilinogen_deaminase_C_sf

RlpA-like_sf

GROEL-like_equatorial_sf

Homeobox-like_sf

LRR_dom_sf

CDC50/LEM3_fam

AS_sf

Cyclin

AUX/IAA_dom

Frigida

TPR_repeat

RBD_domain_sf

DYW_dom

RCC1/BLIP-II

Mcm10

RBD_domain_sf

BRCT_dom_sf

TBL

PInositol-4-P-5-kinase_N

DYW_dom

7-in-absentia-prot_TRAF-dom

RBD_domain_sf

X8

OGT/SEC/SPY_C

LRR_dom_sf

CSTF2_C_sf

Haem_oxidase_HugZ-like_sf

Histone-fold

GluRdtase_dimer_dom_sf

CENP-T/H4_C

SNF2-like_sf

DUF1668_ORYSA

RST

Protein_kinase_ATP_BS

WD40_repeat_dom_sf

RibonucZ/Hydroxyglut_hydro

Ribosomal_S5_D2-typ_fold

HTH_base_excis_C

Kinase-like_dom_sf

CDP-OH_PTrfase_TM_dom

Histone-fold

P-loop_NTPase

TPR-like_helical_dom_sf

Rx_N

WH-like_DNA-bd_sf

BKI1/MAKR1/3/4

Bulb-type_lectin_dom_sf

Cnd1_C

WD40_repeat_dom_sf

Kinesin_motor_dom_sf

Hect_E3_ubiquitin_ligase

Sec1-like_sf

AtJ6-like

Kinesin_motor_dom_sf

Anticodon_Met

SAM-dependent_MTases

LexA/Signal_pep-like_sf

ARID_dom_sf

Znf_C2H2_sf

Rossmann-like_a/b/a_fold

Histone-fold

Nucleoporin_Nup155_C_3

Ald_DH_CS_GLU

Clathrin_AP_dom2

BAH_sf

Histone-fold

AAA_lid_3

MRPL40

Toll_tir_struct_dom_sf

Condensin2_G2

PPR_long

DUF3741-assoc

WH-like_DNA-bd_sf

GIP1

REX4_DEDDh_dom

WH_DNA-bd_sf

TPR-like_helical_dom_sf

RBD_domain_sf

PORR_domain

Cyclophilin-like_dom_sf

WD40_repeat_dom_sf

XRI1

LRR_dom_sf

Znf_NHR/GATA

Noc2

Mediator_Med17

Znf_RING_CS

LRR_dom_sf

ARID_dom_sf

Glutathione-S-Trfase_C_sf

DUF3730

RBD_domain_sf

HCO3_transpt_C

BLT-like

Myb_dom

Clp_N_dom_sf

Histone-fold

Nup186/Nup192/Nup205

P-loop_NTPase

BRCT_dom_sf

DUF4057

AAA_lid_3

TPR-like_helical_dom_sf

MOCS2A

START-like_dom_sf

NAD(P)-bd_dom_sf

HMA_dom_sf

ARM-type_fold

Lsm14-like_N

LRR_dom_sf

Na+/solute_symporter_sf

GINS_Psf3_sf

VPS28_N_sf

Peptidase_M28

GROEL-like_equatorial_sf

EST1

ENT_dom-like_sf

CENP-T/H4_C

Pr_cel_nuc_antig_CS

ALOG_dom

ARM-type_fold

Histone-fold

KH_dom_type_1_sf

Ribosomal_L13_sf

Znf_C2H2_sf

AA_transpt_TM

Ribosomal_S11_sf

Subtilisin-like_FN3

MFS_trans_sf

HORMA_dom_sf

F-box-like_dom_sf

REF

AB_hydrolase

Histone-fold

Kinesin_motor_dom_sf

CRWN

Protein_kinase_ATP_BS

At2g23090-l ike

ARM-type_fold

Papain-like_cys_pep_sf

Kinesin_motor_dom_sf

RPA43_OB

Naf1

ICR

CuRO_3_LCC

RlpA-like_sf

GROEL-like_equatorial_sf

WD40_repeat_dom_sf

TPR-like_helical_dom_sf

SAP_dom_sf

BUD31/G10-rel_CS

Rrm1

Sm_D2

L24e/L24_sf

WH_DNA-bd_sf
SMG1_PIKKc

OPT

Znf_CCHC_sf

Secretory_peroxidase

NA-bd_OB-fold

PDCD2_C

Polycomb_protein_VEFS-Box

AB_hydrolase

BRCT_dom_sf

Histone_H2A_CS

DUF3527

NAC_dom_sf

BAH_sf

Secretory_peroxidase

Cohesin_Scc3/SA

WD40/YVTN_repeat-like_dom_sf

Znf_C3HC4_RING-type

Na+/solute_symporter_sf

DUF2232

Mpp10

Glycoside_hydrolase_SF

SNF2-like_sf

SAM-dependent_MTases

P-loop_NTPase

DAMP1_SANT-like

RBD_domain_sf

PGG_dom

Trypto_synt_PLP_dependent

AA_transpt_TM

CHL1/DDX11

Kinesin_motor_dom_sf

F-box-like_dom_sf

WH-like_DNA-bd_sf

GROEL-like_equatorial_sf

Papain-like_cys_pep_sf

F-box-like_dom_sf

Leo1

Kinesin_motor_dom_sf

Tubulin/FtsZ_C_sf

WH_DNA-bd_sf

ARM-type_fold

WH_DNA-bd_sf

SNF2-like_sf

Kinesin_motor_dom_sf

Histone-fold

DUF4487

Cytochrome_B561-rel

NRDE-2

RBD_domain_sf

LETM1_RBD

Kinesin_motor_dom_sf

Centromere_Mis12

THUMPD1-like

P-loop_NTPase

K+_transporter

Peptidase_S8/S53_dom_sf

Protein_kinase_ATP_BS

Flavoprotein-like_sf

Rx_N

Cleav_polyA_spec_factor_su5

L18e/L15P_sf

AI-2E-like

CENP-T/H4_C

GP_PDE_dom

WH_DNA-bd_sf

Rab-GTPase_TBC_sf

CLU-central

Kinesin_motor_dom_sf

ASF1-like_sf

RNaseH-like_sf

TRIAD_supradom

MTERF_sf

SNF2-like_sf

Histone_H2A_CS

SNF2-like_sf

Protein_kinase_ATP_BS

Ebp2

RRM_DME

Lectin_gal-bd_sf

Histone_H2A_CS

DNA_pol_e_bsu_N

DUF4005

RBD_domain_sf

Anticodon_Met

Mpv17_PMP22

Band_7/SPFH_dom_sf

F-box-like_dom_sf

RBBP5/Swd1

K+_transporter

P-loop_NTPase

RBD_domain_sf

CDCA7/CDA7L

AlkB-like_sf

Peptidase_S1_PA_chymotrypsin

CuRO_3_LCC

PADR1_dom_sf

DBC1/CARP1_inactive_NUDIX_dom

ClpA/ClpB_AAA_lid

DUF1618

Kinesin_motor_dom_sf

Branching_enzy

Myb_dom

BCAT-like_C

DNA-bd_pseudobarrel_sf

ABC1_TM_sf

FAD/NAD-bd_sf

TPR-like_helical_dom_sf

Kinesin_motor_dom_sf

P-loop_NTPase

Rx_N

LRR_dom_sf

YTH_domain

WHIM1_dom

WD40_repeat_dom_sf

SWEET_sugar_transpr

Peptidase_S1_PA_chymotrypsin

TIF_IF2_dom3_sf

Tubulin/FtsZ_GTPase_sf

RFWD3

DNA2/NAM7-like_C

TIF_IF2_dom3_sf

At3g27390-l ike

NUP2/50/61
LEA_2

YhbY-like_sf

RlpA-like_sf

TOG

Timeless_N

Kinesin_motor_dom_sf

RopGEF

Remorin_C

FKS1-like_dom1

DEK_C

P-loop_NTPase

DUF1618

WAP

RBD_domain_sf

SHOC1-like

P-loop_NTPase

AAA_lid_3

GIP1

Kinesin_motor_dom_sf

Nucleoporin_Seh1

Tubulin/FtsZ_C_sf

CENP-T/H4_C

Fe_hydrogenase

Agenet_dom_plant

Thioredoxin-like_sf

RBD_domain_sf

Znf_RING/FYVE/PHD

MnmG_N

PPR_long

RNaseH_sf

Histone-fold

Myb_dom

DNA-bd_pseudobarrel_sf

DNA2/NAM7-like_C

BCKD/PDK

Prp19

SWAP/Surp_sf

Znf_PHD-finger

ARM-type_fold

WD40/YVTN_repeat-like_dom_sf

MTERF_sf

ChlI/MoxR_AAA_lid

CENP-T/H4_C

CENP-T/H4_C

Enhancer_polycomb

Aquaporin_transptr

UDP_glucos_trans

5-3_exonuclease_C_sf

BRCT_dom_sf

PPR_long

Kinase-like_dom_sf

SNF2-like_sf

Histone-fold

eIF3l

Rx_N

Methylthiotransferase_N_sf

TPR-like_helical_dom_sf

MyosinXI_CBD

Histone-fold

Papain-like_cys_pep_sf

Dis3_CSD2

WH_DNA-bd_sf

SNF2-like_sf

TPR-like_helical_dom_sf

G6P_1-epimerase

Pept_M16_N

THOC2_N

Bromodomain-like_sf

Mms4/EME1/EME2

Nucellin

Kinesin_motor_dom_sf

ExoRNase_PH_dom2_sf

LRR_dom_sf

P-loop_NTPase

Agenet_dom_plant

Ribosomal_L27_CS

TPR-like_helical_dom_sf

DNA_primase_lsu_euk

WD40/YVTN_repeat-like_dom_sf

Ub-E1_IAD_1

Importin_beta

Kinesin_motor_dom_sf

HATPase_C_sf

Thioredoxin-like_sf

AB_hydrolase

DBC1/CARP1_inactive_NUDIX_dom

Importin_rep_4

RRM_DME

BPM_C

RNA_pol_Rpb2_2_sf

Kinase_OSR1/WNK_CCT

ARM-type_fold

TPR-like_helical_dom_sf

FAD-bd_PCMH-like_sf

MPP_PAP

WD40_repeat_dom_sf

RlpA-like_sf

Histone-fold

SGNH_hydro_sf

DUF630

FANCI_S2

RNaseH_sf

PyrdxlP-dep_Trfase

P-loop_NTPase

Histone_H2A_CS

Mpo1-l ike

Znf-4CXXC_R1

CDC45

WD40_repeat_dom_sf

Histone-fold

SAM-dependent_MTases

ABC1_TM_sf

Sugar_P_trans_dom

Protein_kinase_ATP_BS

Histone-fold

Cyt_B5-like_heme/steroid_sf

XS_domain_sf

PABP-dom

DNA-bd_dom_sf

DNA/RNA_pol_sf

Histone-fold

P-loop_NTPase

NAD(P)-bd_dom_sf

NAD(P)-bd_dom_sf

Kinesin_motor_dom_sf

NAT12

HMA_dom_sf

DUF3741-assoc

Cyclin

SMAD_FHA_dom_sf

IQ_motif_EF-hand-BS

F-box-like_dom_sf

GNK2_sf

Kinase-like_dom_sf

RBD_domain_sf

Jas

Histone_H2A_CS

Ribosomal_L5_N

Histone-fold

CENP-T/H4_C

POLYCHOME/GIG1

ATPase_NBD

Bulb-type_lectin_dom_sf

PC-Esterase

Histone-fold

Protein_kinase_ATP_BS

Ub-E1_IAD_1

Guanylate-bd_C_sf

CarbP_synth_ssu_N_sf

PCI_dom

PRIN2

Protein_kinase_ATP_BS

Ctf8

Cyclin

Uncharacterised_XH

PI3/4_kinase_cat_sf

SAP_dom

LOG_fam

DUF1668_ORYSA

P-loop_NTPase

DNA_ligase_N_sf

NAC_dom_sf

THDP-binding

Sugar_P_trans_dom

Protein_kinase_ATP_BS

LRR_dom_sf

Cyt_P450_sf

CSN5_C

P-loop_NTPase

Znf_C2H2_type

SWAP

WD40_repeat_dom_sf

FAD/NAD-bd_sf

LRR_dom_sf

Kdotransferase

MyTH4_dom_sf

POLAR-like

ER_stress-assoc

CAT_C

Rhodanese-like_dom_sf

HAD-like_sf

TPR-like_helical_dom_sf

MID_MedPIWI

TPR-like_helical_dom_sf

Ald_DH_CS_GLU

DUF1618

Myb/SANT-like_dom

SNF2-like_sf

GRDP-like

GIP1

FKS1-like_dom1

DAO_C_sf

His_deacetylse_dom_sf

Frigida

GRDP-like

SMAD_FHA_dom_sf

Sas10_C_dom

RNaseH_sf

DNA_primase_ssu_euk/arc

Ubiquitin-activating_enz

F-box-like_dom_sf

Ribokinase-like

STMP1

Znf_RING/FYVE/PHD

MBD10/11

Haem_Oase-like_multi-hlx

MAM33_sf

GINS_bundle-like_dom_sf

F-box-like_dom_sf

RibonucZ/Hydroxyglut_hydro

Aquaporin_transptr

Myb_dom

XPO5

Prot_kin_Mps1_fam

P-loop_NTPase

Anticodon_Ile_ABEc

Dev_and_cell_death_domain

SWIB_MDM2_dom_sf

WD40_repeat_dom_sf

RPN1_C

Glutathione-S-Trfase_C_sf

DNA2/NAM7-like_C

RNaseH_sf

CAT_C

WD40_repeat_dom_sf

TPX2_central_dom

Cyt_P450_sf

WH-like_DNA-bd_sf

SNF2-like_sf

Apc5_dom

RBD_domain_sf

Pumilio_RNA-bd

Creatinase/aminopeptidase-like

HAD-like_sf

GROEL-like_equatorial_sf

SNF2-like_sf

Cl-channel_core

Znf_C2H2_sf

PyrdxlP-dep_Trfase

Annexin_sf

DNA_ligase_N_sf

Nse4_C

Papain-like_cys_pep_sf

J_dom_sf

Znf_C2H2_sf

TOG

Rx_N

WD40_repeat_dom_sf

Kelch-typ_b-propeller

DUF630

TPR-like_helical_dom_sf

PEPCASE_His_AS

BLT-like

Condensin_barren_su2

CENP-T/H4_C

NAT10

TRCF-like_C

Cnd1_C

Endo/exonu/phosph_ase_sf

Serpin_sf_2

PMF1/Nnf1

Cnd1_C

GCP_C_sf

Rnp2-like_sf

Uncharacterised_XH

At4g38062-l ike

CRIB_dom_sf

MFS_trans_sf

Shugoshin_C

ARM-type_fold

P-loop_NTPase

CENP-T/H4_C

Kinase-like_dom_sf

PRMT5_C

Morc_S5

Hist-Lys_N-MeTrfase_SET2_plant

Ub-E1_IAD_1

His_deacetylse_dom_sf

DNA-bd_pseudobarrel_sf

NAD(P)-bd_dom_sf

SANT_dom

JASON

Ankyrin_rpt-contain_sf

DUF4378

Protein_kinase_ATP_BS

GROEL-like_equatorial_sf

DUF936_pln

Pr_cel_nuc_antig_CS

ORC6

TPR-like_helical_dom_sf

WH_DNA-bd_sf

SRA-YDG_sf

ClpA/ClpB_AAA_lid

Arg-tRNA-synth_N_sf

Donson

NAD(P)-bd_dom_sf

P-loop_NTPase

Histone-fold

AHL

RFWD3

NAD(P)-bd_dom_sf

CENP-T/H4_C

LRR_dom_sf

TPR-like_helical_dom_sf

TPR-like_helical_dom_sf

Rad50/SbcC_AAA

Kinesin_motor_dom_sf
CENP-T/H4_C

Endochitinase-like_sf

Ankyrin_rpt-contain_sf

Kinase-like_dom_sf

P-loop_NTPase

Nucellin

cNMP-bd-like

ExoRNase_PH_dom2_sf

Endo/exonu/phosph_ase_sf

WD40_repeat_dom_sf

CENP-T/H4_C

WD40_repeat_dom_sf

P-loop_NTPase

DNA_pol_alpha_bsu

Zf-FLZ_dom

CENP-T/H4_C

Condensin_barren_su2

Peptidase_C78_UfSP1/2

Thioredoxin-like_sf

Protein_kinase_ATP_BS

HSP20-like_chaperone

AAA_15

DNA2/NAM7-like_C

P-loop_NTPase

XPOT

PGAP5/Cdc1/Ted1

HDR1

Peptidase_S1_PA

NAC_dom_sf

Ncaph2

Chaperonin_GroES_sf

LRR_dom_sf

Vid27

WH-like_DNA-bd_sf

Subtilisin-like_FN3

Protein_kinase_ATP_BS

GIY-YIG_endonuc_sf

Thioredoxin-like_sf

MutS_con_dom_sf

Lsm7

BRCT_dom_sf

MATE_fam

RBD_domain_sf

DIRP

SH2_dom_sf

AAA_lid_3

RBD_domain_sf

WRC_dom

Histone_H2A_CS

Pept_tRNA_hydro_sf

Rfa2

Kinase-like_dom_sf

SAM-dependent_MTases

ZPR1_Znf1/2

UBQ-conjugating_enzyme/RWD

RNApol_insert_sf

ATX1/2_PHD

TF_TCP_subgr

RNaseH_sf

CRAL-TRIO_dom_sf

WH_DNA-bd_sf

TPR-like_helical_dom_sf

LIM-bd/SEUSS

Znf_PHD-finger

NAB

REF

F-box-like_dom_sf

HMG_box_dom_sf

Ribosomal_L23/L15e_core_dom_sf

NFRKB

snRNP-E

PPR_long

MAP65_Ase1_PRC1

Rx_N

GatB_C_1

NAC_dom_sf

KH_dom_type_1_sf WPP_sf

Cyclin

Alba-like_dom_sf

Znf_C2H2_type

Kinesin_motor_dom_sf

DAGAT

Ribosomal_S3_C_sf

TPR_repeat

GEBP

REPA_OB_2

P-loop_NTPase

Kinesin_motor_dom_sf

Znf_CCCH_sf

NUP2/50/61

Znf_RING/FYVE/PHD

RNaseH_sf

Protein_kinase_ATP_BS

AP2/ERF_dom_sf

HAD-like_sf

WD40_repeat_dom_sf

CENP-T/H4_C

Ribosomal_L7A/L8_sf

Cyt_P450_sf

CENP-T/H4_C

QWRF

Glycoside_hydrolase_SF

PolD2_C

BRCT_dom_sf

Myb-like_dom

YTH_domain

DNK_dom

ATPase_NBD

CENP-T/H4_C

Kinase-like_dom_sf

SRD5A/TECR

Histone_H2A_CS

WD40_repeat_dom_sf

Pyrv_Kinase-like_dom_sf

MCM_lid

DUF1639

F-box-like_dom_sf

Utp6

CDCA7/CDA7L

FH2_Formin_sf

RBD_domain_sf

CENP-T/H4_C

J_dom_sf

TPR-like_helical_dom_sf

RBD_domain_sf

Glyco_hydro_127

MCM_lid

Protein_kinase_ATP_BS

TPR-like_helical_dom_sf

Xant/urac/vitC

Atg6/beclin_CC

NAD(P)-bd_dom_sf

PH-like_dom_sf

FucosylTrfase_pln
Ald_DH_C

CBP80

ARM-type_fold

NAD(P)-bd_dom_sf

Histone-fold

RBD_domain_sf

MFS_trans_sf

Zinc_ribbon_12

NAD(P)-bd_dom_sf

HAD-like_sf

WHIM2_dom

L30e-like

Creatinase/aminopeptidase-like

mRNA_splic_Cwf21_dom

Cullin_repeat-like_dom_sf

TPR-like_helical_dom_sf

P-loop_NTPase

TPR-like_helical_dom_sf

SNF2-like_sf

HATPase_C_sf

TRIAD_supradom

TPR-like_helical_dom_sf

CSN5_C

S1_dom

PPR_long

TPR-like_helical_dom_sf

AA_transpt_TM

Cyclin

Histone-fold

NT_sf

ACOT13

CNNM

vWFA_dom_sf

Histone_H2A_CS

Znf_CCCH_sf

SNF2-like_sf
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The coexpression network was annotated by log2 fold change from the indTaRKD1-

7D #2.28 immature embryo TM vs WE pairwise comparison showed that most genes 

were upregulated (Figure 4.16). This network is available for visualisation at nDEX 

under ‘Immature embryo upregulated DEGs Meristem Logfold’. Network analysis 

showed nodes with the highest indegree and outdegree were histones and high mobility 

box (HMG) genes (Figure 4.17, Figure 4.18). This suggested that transcriptional 

cascades induced by TaRKD1-7D were heavily involved in DNA conformational 

change and cell cycle through the upregulation of histones and HMGs as hypothesised. 

Following this we decided to investigate what were the direct binding targets of 

TaRKD1-7D to elucidate the full molecular pathway of TaRKD1-7D from binding 

targets to transcriptional cascades to phenotype. 

 

4.2.5. TaRKD1-7D binds promoter regions of histone lysine methyltransferases 
and induces higher expression of plant architecture TFs 
 
To investigate the binding targets of TaRKD1-7D, we obtained and analysed 

hypocotyl tissue ChIPseq and in vitro DAPseq data to elucidate the in vitro and tissue 

specific binding targets involved in TaRKD1-7D induced tiller development. Peaks 

called in both experiments showed equal distribution across all chromosomes with a 

slightly higher number of peaks called to chromosome ends and the unassembled 

chromosome (Supplementary Figure 4.8, Supplementary Figure 4.9). Peaks called also 

showed high enrichment of promoter (10kb upstream) binding relative to the expected 

distribution of this feature in the wheat genome (Figure 4.19, Figure 4.20). Coverage 

was also found to be higher proximal to the transcriptional start site (TSS) and end site 

(TES) of genes compared to proximal sites consistent with TaRKD1-7D’s role as a TF 

(Figure 4.21).  
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Nucleotide sequences surrounding peaks called from the DAPseq experiment was 

obtained from the IWGSC RefSeq v1.1. assembly and were analysed for motif 

enrichment. The most significant enriched motif showed high similarity to the 

Arabidopsis RWP-RK TF AtRKD2 (Figure 4.22). Central enrichment analysis of the 

the TaRKD1-7D motif and another RWP-RK TF AtNLP4 were performed and showed 

significant central enrichment in the sequences of peaks called. Both these results 

confirmed that TaRKD1-7D was binding to promoter regions of target genes and that 

it had a highly evolutionarily conserved binding motif. To investigate this, GO term 

analysis was carried out on genes that had either a ChIPseq or DAPseq peak within 

10kb of their TSS. ChIPseq genes showed significant enrichment of functional terms 

implicated in photosynthesis, DNA metabolic processes and translation (Figure 4.23). 

This was characteristic of vegetative tissue and was similar to the transcriptomic 

difference between leaf tissue and immature embryo tissue observed in our RNAseq 

experiments. DAPseq gene showed significant enrichment of functional terms 

implicated in histone lysine methylation and ubiquitination (Figure 4.24). This 

supported our hypothesis that downstream transcriptional cascades of TaRKD1-7D 

were involved in chromatin remodelling as histone lysine methylation has been shown 

extensively in the literature to be involved in chromatin remodelling. A high 

confidence list of genes with a ChIPseq and DAPseq motif within 10kb of their TSS 

was obtained to overlap with the IE RNAseq DEGs to investigate genes that were 

bound by TaRKD1-7D and upregulated in a pluripotent tissue context (Figure 4.25). 

Interestingly, an equal number of upregulated and downregulated DEGs had ChIPseq 

and DAPseq or DAPseq only binding sites,  
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Figure 4.19. ChIPseq and DAPseq indTaRKD1-7D shows significant enrichment of 
promoter regions. Feature distribution plot from MACS2 peaks called in DAPseq and 
ChIPseq samples. Intergenic regions have been excluded to highlight changes in promoter 
regions. Features correspond to colours denoted on the legend to the right.  
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Figure 4.20. Heatmap of ChIPseq and DAPseq indTaRKD1-7D shows significant 
differential enrichment of promoter and downstream regions. Feature distribution plot 
from MACS2 peaks called in DAPseq and ChIPseq samples. Intergenic regions have been 
excluded to highlight changes in promoter regions. Features correspond to colours denoted on 
the legend to the right. Scale displayed is row scaled logarithmically transformed 
observed/expected values.  Hierarchical clustering was performed on features and is displayed 
as a dendrogram on the side of the heatmap.  
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Figure 4.22. Motif similarity and central enrichment of TaRKD1-7D binding motif. (A) 
TomTom motif similarity analysis of TaRKD1-7D binding motif is very significantly like the 
Arabidopsis thaliana RKD2 binding motif. Calculations are given on the right while motif 
probability values are given by left with 2-bit denoting 100% confidence and 0-bits denoting 
0% confidence of a given nucleotide at this position. (B) Central enrichment of a binding motif 
in the centre of the inputted sequence calculated by Centrimo. Different coloured line plots 
correspond to instances of motifs denoted in the legend on the bottom right of the plot. Beside 
each colour is the statistical significance of the central enrichment of this motif.  
 
 

suggesting TaRKD1-7D can act as both an activator and a repressor of gene expression 

through direct binding (Figure 4.25). To identify transcriptionally regulated genes with 

TaRKD1-7D binding site in the proximal promoter region we overlapped DAPseq 

genes with the indTaRKD1-7D #2.28 immature embryo shared DEGs giving a list of 

477 and narrowed this down to 78 genes by overlapping them with ChIPseq genes 
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(Supplementary Figure 4.11, Figure 4.22). Both upregulated and downregulated 

indTaRKD1-7D #2.28 immature embryo shared DEGs with a ChIPseq and DAPseq 

peak were visualised to confirm concentrated coverage in the promoter region. Two 

upregulated trehalose phosphate synthase genes with a DAPseq TaRKD1-7D binding 

motif were selected for visualisation due to their implicated roles in meristem 

determination and two downregulated genes with a DAPseq TaRKD1-7D binding 

motif involved in regulated cell death and DNA repair as these were seen to be 

consistent with increased tiller development and plant growth overall (Figure 4.26, 

Figure 4.27).  
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Figure 4.23. GO term analysis of genes with a MACS2 ChIPseq peak called within 10kb 
of the TSS shows enrichment of photosynthetic and translation terms. The top 20 most 
significant gene ontology (GO) terms of genes with a MACS2 ChIPseq peak called within 
10kb of the TSS are plotted here. GO terms are labelled on the y axis and the ratio of genes 
for a GO term in the genes with a MACS2 ChIPseq peak called within 10kb of the TSS 
compared to the total number of genes corresponding to that GO term in the genome is plotted 
on the x axis. Point size is determined by the number of genes from that GO term in the genes 
with a MACS2 ChIPseq peak called within 10kb of the TSS as denoted on the legend on the 
right. False discovery rate (FDR) is computed by taking the -log10 of the p value determined 
from an enrichment test with a Benjimini-Hochberg correction and is coloured as denoted on 
the legend on the right. 
 

 

 
 
 
 
 
 
 

amide biosynthetic process

ATP biosynthetic process

ATP metabolic process

ATP synthesis coupled proton transport

cellular amide metabolic process

electron transport chain

energy coupled proton transport, down electrochemical gradient

generation of precursor metabolites and energy

nucleoside triphosphate biosynthetic process

organonitrogen compound biosynthetic process

peptide biosynthetic process

peptide metabolic process

photosynthesis

photosynthesis, light reaction

photosynthetic electron transport chain

purine nucleoside triphosphate biosynthetic process

purine nucleoside triphosphate metabolic process

purine ribonucleoside triphosphate biosynthetic process

purine ribonucleoside triphosphate metabolic process

translation

0.1 0.2 0.3 0.4
Ratio

G
O

.T
er

m

intersection.size
50
100
150
200
250

25
50
75
100
125

FDR



 136 

 

 
 
Figure 4.24. GO term analysis of genes with a MACS2 DAPseq peak called within 10kb 
of the TSS shows enrichment of histone methylation and ubiquitination terms. The top 
20 most significant gene ontology (GO) terms of genes with a MACS2 DAPseq peak called 
within 10kb of the TSS are plotted here. GO terms are labelled on the y axis and the ratio of 
genes for a GO term in the genes with a MACS2 DAPseq peak called within 10kb of the TSS 
compared to the total number of genes corresponding to that GO term in the genome is plotted 
on the x axis. Point size is determined by the number of genes from that GO term in the genes 
with a MACS2 DAPseq peak called within 10kb of the TSS as denoted on the legend on the 
right. False discovery rate (FDR) is computed by taking the -log10 of the p value determined 
from an enrichment test with a Benjimini-Hochberg correction and is coloured as denoted on 
the legend on the right. 
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Figure 4.25. Venn diagrams of indTaRKD1-7D ChIPseq, DAPseq and immature embryo 
RNAseq shared DEGs identify high confidence targets of TaRKD1-7D. (A) Venn diagram 
overlap of genes with a MACS2 ChIPseq or DAPseq peak called within 10kb of the TSS. 
Percentages denote the proportion of the total genes represented. (B) Venn diagram overlap of 
genes with a MACS2 ChIPseq and DAPseq peak called within 10kb of the TSS and 
upregulated or downregulated immature embryo indTaRKD1-7D #2.28 shared DEGs. 
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4.3. Discussion  

4.3.1. Characterising transcriptional cascades using wheat bioinformatics 

resources  

The development of the International Wheat Genome Sequencing Consortium 

(IWGSC) annotated reference for wheat has allowed computational researchers to 

identify and characterise genes implicated in wheat development to increase yield and 

accelerate genetic gain in this agronomically important species (Jia et al., 2018; 

IWGSC, 2018). While many researchers have characterised the transcriptional 

landscape and networks involved in processes such as meiosis and senescence, none 

have integrated it with ChIPseq and DAPseq to fully elucidate binding motifs and 

targets implicated in transcription factor pathways (Ramírez-González et al., 2018; 

Borrill et al., 2019). This marks a significant shift in wheat bioinformatics, using 

sequencing experiments that are commonplace in model organisms such arabidopsis, 

maize and rice. The landscape of wheat research has quickly changed throughout this 

research project with other groups we collaborate with using state-of-the-art 

techniques for assessing chromatin topology such as ATACseq, Hi-C, and Hi-ChIP in 

wheat to show how local chromatin structure is arranged and dynamically changes 

through transcription (Concia et al., 2020). This shows how many researchers are not 

only investigating wheat for its agronomic importance but as a genetically complex 

organism capable of adapting to multiple environments through the variation present 

from the hybridisation of three separate grass species to understand more about plant 

genetics and development. 
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4.3.2. TaRKD1-7D binds histone and histone methylation genes, upregulating 

genes involved in chromatin accessibility, cell cycle and meristematic 

determinacy. 

Temporal dynamics in meristem determinacy have been shown to be regulated by 

histone methylation marks in Arabidopsis thaliana.  The active histone mark 

H3K4me3 and the repressive histone mark H3K27me3 correlate strongly with 

transcriptional changes in the shoot apical meristem implicated with flowering time 

(You et al., 2017). Somatic embryogenesis, a process that dedifferentiates somatic 

tissue into rapidly dividing callus, has been found to be regulated by the histone 

methylation mark H3K27me3 through deposition around somatic embryogenesis 

regulators like LEAFY COTYLEDON1 (LEC1) and BABY BOOM1 (BBM1) (Nic-Can 

et al., 2013).  

 

Here, we’ve found that TaRKD1-7D binds to histone and histone methylation genes 

in our TaRKD1-7D DAPseq experiment and were upregulated in our immature 

embryo RNAseq data (Figure 4.6, Figure 4.24). Further to this, histones show 

increased localisation in RNA in situ experiments in axillary meristems relative to wild 

type and act as regulatory hubs in our indTaRKD1-7D #2.28 immature embryo 

network (Figure 4.11, Figure 4.26). We also confirmed that gene ontology (GO) terms 

for the DNA packaging complex were tiller-related through re-analysis of publicly 

available data from high tiller number NILs (Figure 4.9). Our hypothesis suggests that 

TaRKD1-7D upregulation of chromatin accessibility factors in pre-meristematic 

immature tissue is causative of increased axillary meristem formation and higher tiller 

number in our indTaRKD1-7D transgenic lines (Figure 3.7). As highlighted in Chapter 

3, we speculate that TaRKD1-7D induced higher tiller number acts independently of 
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many endogenous inhibitory signals related to nutrient availability and soil volume 

through increasing meristem formation by upregulating genes involved in 

pluripotency and epigenetic regulation. Others have shown that increased expression 

of epigenetic factors such as TROGEN GROWTH RESPONSE GENE 5 (NGR5) 

through recruiting POLYCOMB REPRESSIVE COMPLEX 2 (PRC2) which increases 

H3K27me3 deposition on shoot inhibitory genes resulting in higher tiller number and 

increased nitrogen response in rice suggesting this isn’t unique to ectopic expression 

of TaRKD1-7D (Wu et al., 2020). 

 

Our speculation that ectopic TaRKD1-7D can also cause increased plant height and 

spikelet number per spike further suggested from some findings involving 

meristematic determinacy factors in this chapter (Figure 3.8, Figure 3.11). This 

contrasts with semi-dwarf ideotypes typically associated with higher tiller number in 

the literature such as the Rht1 mutant alleles (Allan et al., 1959). The BBR/BPC 

family, a transcription factor family implicated in stem cell niche maintenance, is 

differentially upregulated in indTaRKD1-7D immature embryo and leaf tissue as well 

as tiller nodes from high tiller number lines (Figure 4.10) (Theune et al., 2019). More 

interestingly, we see a large subset of genes involved in cell cycle and meristematic 

determinacy that are upregulated in indTaRKD1-7D immature embryo tissue that have 

a DAPseq peak within 10kb of their promoter region (Supplementary Table 4.1). 

Further to this, two trehalose-6-phosphate synthase genes, which have been shown to 

be involved in meristematic determinacy in maize, also have binding peaks in our 

indTaRKD1-7D hypocotyl tissue ChIPseq experiment (Claeys et al., 2019). This 

suggests that TaRKD1-7D can bind these loci in shoot apical meristem tissue and 

potentially inflorescence and floral meristem tissue. However, it should be noted that 
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these genes are not upregulated in our indTaRKD1-7D leaf tissue RNAseq experiment 

suggesting chromatin surrounding these loci is not accessible in vegetative tissue. Our 

increased height phenotype could be a result of the delayed flowering time we see in 

indTaRKD1-7D lines as this would allow the plant more time for internodal elongation 

and to accumulate more total plant biomass. One way to differentiate whether 

increased height was due to SAM indeterminacy or delayed flowering time would have 

been to measure whether there was an increase in the number of nodes in the stem or 

an increase in internodal length, but unfortunately these were not measured at the time 

of the trial. However, it would be interesting in future experiments to confirm this and 

see if decreased meristematic determinacy could be regulated by ectopic TaRKD1-7D 

expression to manipulate plant height as other have tried by modulating Gibberellin 

metabolism genes (Bhattacharya et al., 2010). 

 

4.3.3. indTaRKD1-7D leaf tissue shows upregulation of photosynthesis genes but 

not histone methylation genes 

The model of the epigenetic landscape from Conrad Waddington describes how cell 

fate decisions are analogous to a ball going down a set of contours that it is unable to 

go back up, an early effort to explain how a zygote can give rise to all the cells and 

tissues in the body (Baedke et al., 2013). Dedifferentiation has shown that this model 

isn’t completely correct with somatic reprogramming through the discovery of the 

Yamanaka factors in mammalians systems and somatic embryogenesis in plant 

systems (Yamanaka, 2008). However, Waddington’s theory helps us understand how 

much epigenetic reprograming must take place to dedifferentiate a leaf cell as opposed 

to immature embryos, the further a ball rolls down a contour the greater effort that 

must be exerted to push it back up.  
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Despite higher expression of indTaRKD1-7D in leaf tissue than immature embryos, 

we see no upregulation of binding targets of TaRKD1-7D suggesting that the 

chromatin accessibility is blocked at histone methylation genes in leaf tissue. This 

prevents the transcriptional cascade necessary for TaRKD1-7D to induce 

dedifferentiation and the transition to a more rapidly differentiating tissue, which may 

explain why no significant increase in flag leaf area was observed in the tiller traits 

experiment (Supplementary figure 3.11). AtRKD4 induced somatic embryogenesis has 

been shown to induce somatic embryos in the zone of division and elongation in root 

tissue but not the zone maturation in agreement with this (Waki et al., 2011). 

Upregulation of photosynthetic genes and terms in leaf tissue is likely due to the 

transcriptional cascade of TaRKD1-7D but is more consistent with higher energy 

demand due to increased vegetative growth of tillers in the plant. While photosynthetic 

terms are also upregulated in the NIL RNAseq, this is most likely due to vegetative 

tissue in tiller node samples as without laser microdissection, this tissue is very 

difficult to get in high quantities without contamination from surrounding tissues.  

 

We see in Chapter 5 below that the TaRKD1-7D ortholog OsRKD3 is incapable of 

inducing transcriptional cascades to upregulate chromatin accessibility genes in leaf 

tissue. This highlights that ectopic expression of zygotic RKDs can only manipulate 

plant architecture when expressed in appropriate tissue contexts as some tissues 

become terminally differentiated and where TaRKD1-7D targets are in 

heterochromatic states. The potential of zygotic RKD, or more generally epigenetic 

master regulators, to manipulate plant architecture by expressing them in specific 

tissue contexts could apply to a range of plant species in multiple breeding programs 

as a novel approach for ideotype breeding.  
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Chapter 5  

 

5.1. Introduction 

5.1.1. Rice as a model organism of the grasses  

Rice was the first model plant whose whole genome was sequenced amongst the cereal 

crops and has had a tremendous amount of bioinformatics resources expression 

browsers, gene coexpression networks and genome variation resources developed for 

researchers (IRGS Project, 2005; Garg and Jaiswal, 2016). Its relatively small and less 

complex diploid genome allowed the development of advanced functional genomic 

resources much earlier compared to larger complex grass genomes like barley and 

wheat (Li et al., 2018). Additionally, somatic embryogenesis and plant transformation 

in rice is highly efficiency making it highly amenable to genetic analysis (Heyser et 

al., 1983; Hiei et al., 1994). Mutational analysis of rice genes has allowed orthologous 

genes implicated in fundamental biological processes and yield-determining traits to 

be identified in other agronomically important species making it a useful model for 

comparative genomics of BEP clade cereal crops (Shimamoto et al., 2002). However, 

the Oryzoideae (It’s ahartoideae) subfamily diverged from the Triticeae around 50 

million years ago making rice and wheat one of the most evolutionarily distant species 

pair amongst cereal crops in the BEP clade (Chalupska et al., 2008). The Oryzoideae 

is closest to the Bambusoideae, which contains bamboo, while the Triticeae contains 

many other agronomically important cereal crops like barley and rye (Figure 1.4). 

Identifying evolutionarily conserved genes across rice and wheat that increase yield in 

both species can allow the characterisation of breeding candidates that can be adaptive 

across multiple species in the BEP clade.  
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5.1.2. Wild diversity in rice and domestication 

Rice is a major staple crop and is grown by millions of small-holder farmers 

throughout Asia but is also known for its within species and within genus genetic 

diversity. Phylogenetic evidence has suggested that the two main subspecies of 

cultivated rice japonica and indica has arisen from a single domestication event from 

wild rice (Cheng et al., 2003; Londo et al., 2006). Advanced functional and genomic 

resources have been built for both these subspecies, with the japonica cultivar 

Nipponbare being chosen for the International Rice Genome Sequencing Project 

(IRGSP) and consequently all major bioinformatics databases such as the Rice 

Annotation Project Database (RAP-DB) and the Michigan State University (MSU) 

rice genome annotation project. While many cultivars of Oryza sativa share selection 

in well-characterised domestication genes like An-1 (awn development number, grain 

size and grain number), bh4 (grain colouration and seed shattering) and OsC1 

(anthocyanin accumulation) they can also be distinguished on this basis (Saitoh et al., 

2004; Zhu et al., 2011; Luo et al., 2013). Pigmented Indonesian rice cultivars have 

recently been characterised with molecular markers and shown that many red and 

black rice varieties can be either sativa and japonica (Kurniasih et al., 2019). Cempo 

Ireng is a japonica cultivar of black rice that is characterised by low tiller number, 

long panicles and high production of grain anthocyanin. High demand of black rice 

over white rice (anthocyanin has been shown to have health benefits it’s as a potent 

anti-oxidant) has resulted in many Indonesian research groups focusing on improving 

yields in Cempo Ireng through breeding programs using conventional mutagenesis 

methods and introgression of transgenes (Purwestri et al., 2015; Masruroh et al., 2016; 

Apridamayanti et al., 2017). 
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Chapter aims and hypothesis 

The overall aim of this chapter is to investigate whether ectopic RKD expression can 

induce higher tiller number and seed number per panicle in rice, followed by 

characterisation of the molecular pathways downstream of zygotic RKDs. This aim 

will be addressed through the phenotypic characterisation of ectopic RKD expression 

in two different subspecies of rice with two different zygotic RKDs. Additionally, we 

will analyse whole genome RNAseq experiments from lines showing ectopic RKD 

expression and tissues relevant to tillering from publicly available datasets. The 

hypotheses being tested in this chapter are as follows: 

 

• Can plant architecture be manipulated through ectopic expression of zygotic 

RKDs in rice? 

• What molecular mechanisms are involved in ectopic expression of zygotic 

RKDs in rice? 

 

We aim to investigate whether our novel strategy for inducing higher tiller number in 

wheat also works in rice. Wheat and rice are one of most evolutionarily divergent pairs 

of grass species in the BEP clade. If we can induce higher tiller number in both these 

species, its likely RKD-induced tiller number can be used as a breeding strategy for 

crop improvement in all BEP clade cereal crops. 
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5.2. Results 

5.2.1. Ectopic expression of indAtRKD4 in Oryza sativa ssp. japonica ‘Nipponbare’ 

increases vegetative tiller number 

To investigate whether ectopic RKD expression could be used as a breeding strategy 

in other cereal crops, we tested whether ectopic expression of the A. thaliana 

embryonic RKD gene AtRKD4 or its rice ortholog OsRKD3, which phylogenetically 

groups with TaRKD1 homeologues, could increase tiller number in the O. sativa ssp. 

japonica cultivar ‘Nipponbare’. Two-component dexamethasone inducible constructs 

were transformed into the Oryza sativa ssp. japonica cultivar ‘Nipponbare’ for the 

inducible expression AtRKD4 and OsRKD3 (Supplemental Table 5.1). Transgenic 

lines were screened for high copy T-DNA insertion number using DNA profiling and 

46 indAtRKD4 and 46 indOsRKD3 T1 lines were transferred and propagated at the 

phytobiology facility (PBF) at the University of Warwick. T2 lines that showed ectopic 

expression of indAtRKD4 and indOsRKD3 in vegetative tissue were selected and 

propagated to T3. Homozygous indAtRKD4 and indOsRKD3 T3 lines were selected 

and grown in a randomised trial for 70 days (Figure 5.1). Plants from indOsRKD3 T3 

lines showed poor growth and not enough samples were present for robust statistical 

analysis. However, increased vegetative tiller number was observed in indAtRKD4 T3 

lines despite poor growth (Figure 5.2). No significant difference in height was 

observed in indAtRKD4 as was seen in indTaRKD1-7D (Figure 5.3). A summary of 

these results can be found in Supplementary Table 5.2. As facilities in PBF were not 

suited to rice growth, our Indonesian collaborators at the Research Institute for 

Agriculture Technology, Indonesia transformed and phenotyped indOsRKD3 lines to 

investigate whether ectopic OsRKD3 expression induced higher tiller number in rice. 
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Figure 5.2. Vegetative tiller number in two indAtRKD4 T3 Nipponbare lines. Vegetative 
tiller number from plants measured from counting the number of tillers at 70 days after 
germination. Sample number of each transgenic line is described in the (n=x) brackets below 
the label. The mean value is given by μ in the centre of each boxplot and sample points are 
highlighted in their condition’s respective colour. Details of tests used for statistical analysis 
is on the bottom right of the plot. Significant difference between conditions is indicated by the 
horizontal brackets above the samples and values corresponding to these significant 
differences are indicated on top of the bracket. Additional statistics can be found on the top 
left of the plot. 
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Figure 5.3. Plant height in indAtRKD4 T3 Nipponbare lines. Height measured from the 
base of the plant to the tallest panicle at senescence. Sample number of each transgenic line is 
described in the (n=x) brackets below the label. The mean value is given by μ in the centre of 
each boxplot and sample points are highlighted in their condition’s respective colour. Details 
of tests used for statistical analysis is on the bottom right of the plot. Additional statistics can 
be found on the top left of the plot. 
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5.2.2 Ectopic expression of OsRKD3 in Oryza sativa Cempo Ireng increases tiller 

number and seed weight in two indOsRKD3 T3 lines 

 
Two homozygous indOsRKD3 T3 lines were selected and grown in randomised design 

for 120 days at the Research Institute for Agriculture Technology, Yogyakarta, 

Indonesia. Increased reproductive tiller number was observed in both indOsRKD3 T3 

lines and an increase in plant height was also observed in contrast to most characterised 

high tiller number phenotypes in the literature (supplementary figure 5.2). Increased 

seed weight per plant was observed in both indOsRKD3 T3 lines suggesting that 

ectopic expression of OsRKD3 might work as a breeding strategy for increasing yield 

in rice, however, it should be noted that a decrease in seed weight per 1000 was also 

observed (Figure 5.6, Supplementary Figure 5.3). Increased panicle branch number 

and seed number per panicle were also observed in both indOsRKD3 T3 lines (Figure 

5.7, Figure 5.8, Supplementary Figure 5.4). A summary of these results can be found 

in Table 5.1. In summation we found comparable phenotypes in between indOsRKD3 

and indTaRKD1-7D as could be expected between two evolutionarily distant cereal 

crops (Supplementary Table 3.6, Supplementary Table 3.9, Table 5.1). Interesting 

aspects of this unconventional phenotype such as increased tiller number and height 

were shared across both crops along with similar increases in inflorescence size and 

seed yield. However, it should be noted that seed weight per 1000 showed an inverse 

relationship across both species suggesting these phenotypic traits need to be 

confirmed with a field trial. All of this confirmed that zygotic RKDs could induce 

increased tiller formation in variety of grass species. Additionally, a drastic increase 

in the number of internodal tiller branches were observed in both indOsRKD3 T3 lines 

(Figure 5.9).  Adventitious roots were seen at the base of each internodal tiller branch 

suggesting a homeotic transformation from an inflorescence meristem into a tiller had 
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taken place (Figure 5.10). This suggested that the inflorescence meristem was being 

reprogrammed through ectopic OsRKD3 expression leading to a developmentally 

earlier meristematic region, the axillary meristem and suggesting a rice-specific 

phenotype that wasn’t observed in wheat. To investigate the molecular pathways 

involved in OsRKD3 induced higher tiller number and increase homeotic 

transformation of tillers we obtained and analysed indOsRKD3 leaf tissue RNAseq 

data. 
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Figure 5.5. Reproductive tiller number in an indOsRKD3 Cempo Ireng T2 line. 
Reproductive tiller number from plants measured from counting the number of fully developed 
panicles at senescence. T3 lines were merged for more statistically robust tests. Sample 
number of each transgenic line is described in the (n=x) brackets below the label. The the 
mean value is given by μ in the centre of each boxplot and sample points are highlighted in 
their condition’s respective colour. Details of tests used for statistical analysis is on the bottom 
right of the plot. iSignificant difference between conditions is indicated by the p value in the 
top left of the plot. Additional statistics can be found on the top left of the plot.  
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Figure 5.6. Seed weight per plant in an indOsRKD3 Cempo Ireng T2 line. The seed weight 
of the plant’s seeds was measured after threshing fully dried panicle. T3 lines were merged for 
more statistically robust tests. The label of each transgenic line is described in the (n=x) 
brackets below the label. The the mean value is given by μ in the centre of each boxplot and 
sample points are highlighted in their condition’s respective colour. Details of tests used for 
statistical analysis is on the bottom right of the plot. Significant difference between conditions 
is indicated by the p value in the top left of the plot. Additional statistics can be found on the 
top left of the plot. 
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Figure 5.8.  Panicle branch number in an indOsRKD3 Cempo Ireng T2 line. The average 
panicle branch number of each line was measured at senescence. T3 lines were merged for 
more statistically robust tests. The label of each transgenic line is described in the (n=x) 
brackets below the label. The the mean value is given by μ in the centre of each boxplot and 
sample points are highlighted in their condition’s respective colour. Details of tests used for 
statistical analysis is on the bottom right of the plot. Significant difference between conditions 
is indicated by the p value in the top left of the plot. Additional statistics can be found on the 
top left of the plot. 
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Figure 5.9. Increased tiller branch number in an indOsRKD3 Cempo Ireng T2 line. Tiller 
branch number, a homeotic transformation of an inflorescence meristem into a tiller, was 
counted in each plant. T3 lines were merged for more statistically robust tests.  Sample number 
of each transgenic line is described in the (n=x) brackets below the label. The mean value is 
given by μ in the centre of each boxplot and sample points are highlighted in their condition’s 
respective colour. Details of tests used for statistical analysis is on the bottom right of the plot. 
Significant difference between conditions is indicated by the p value in the top left of the plot. 
Additional statistics can be found on the top left of the plot. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 µmean = 0.09

 µmean = 6.52

0

5

10

15

WT
(n = 11)

OsRKD3
(n = 33)

Genotype

Ti
lle

r b
ra

nc
h 

nu
m

be
r

Genotype
WT
OsRKD3

tWelch(33.55) = −11.02, p = 1.09e−12, gHedges = −2.18, CI95% [−2.99, −1.36], nobs = 44
Tiller branch number vs genotype

loge(BF01) = −11.34, δdifference
posterior  = 6.07, CI95%

HDI  [4.05, 8.19], rCauchy
JZS  = 0.71



 160 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

W
T 

in
dO

sR
K
D
3 

T1
 

in
dO

sR
K
D
3 

T2
 

Fi
gu

re
 5

.1
0.

 I
nc

re
as

ed
 i

nf
lo

re
sc

en
ce

 b
ra

nc
he

s 
in

 t
w

o 
in

dO
sR

K
D

3 
C

em
po

 I
re

ng
 T

2 
lin

es
. 

In
flo

re
sc

en
ce

 b
ra

nc
he

s 
ar

e 
ho

m
eo

tic
 

tra
ns

fo
rm

at
io

ns
 o

f i
nf

lo
re

sc
en

ce
 m

er
is

te
m

s 
to

 fo
rm

 ti
lle

rs
. R

ep
re

se
nt

at
iv

e 
sa

m
pl

es
 fr

om
 g

en
ot

yp
es

 la
be

lle
d 

ab
ov

e 
ha

d 
ph

ot
og

ra
ph

s t
ak

en
 a

t 
50

 d
ay

s 
af

te
r g

er
m

in
at

io
n 

w
ith

 a
 b

la
ck

 b
ac

kg
ro

un
d.

 W
hi

te
 s

ca
le

 b
ar

s 
ar

e 
5c

m
. O

sR
K

D
3 

T1
 a

nd
 O

sR
K

D
3 

T2
 re

fe
r t

o 
tw

o 
T2

 in
dO

sR
K

D
3 

C
em

po
 Ir

en
g 

lin
es

 fr
om

 in
de

pe
nd

en
t t

ra
ns

ge
ni

c 
ev

en
ts.

 

 



 161 

 

 

 

Table 5.1. Statistics for phenotypic traits in indOsRKD3 Cempo Ireng trial. 

 

 

5.2.3. indOsRKD3 leaf tissue shows upregulation of translational and metabolic 

procesess. 

To investigate the transcriptional networks induced by ectopic expression of 

indOsRKD3, a RNAseq analysis was carried out in indOsRKD3 Cempo Ireng leaf 

tissue. Whole genome RNAseq data from indOsRKD3 leaf tissue were obtained using 

four sample conditions: transgenic DEX (TD), transgenic mock I, and non-transgenic 

DEX (ND). indOsRKD3 expression was verified in all transgenic samples, 

significantly different between TD and TM conditions, and replicate concordance was 

confirmed using principal component analysis (PCA) (Supplementary Figure 5.5, 

Figure 5.10). Pairwise comparisons for differentially genes (DEGs) were made 

between indOsRKD3 and wild type samples to obtain a high confidence list of highly 

expressed indOsRKD3 DEGs by taking DEGs specific to the TD vs ND comparison 

and removing DEGs shared in the TM vs ND list (TD vs ND only DEGs) (Figure 

5.11).  

Traits indOsRKD3  FC indOsRKD3  p.val
Height 1.246987952 5.88E-05
Reproductive tiller number 1.527777778 8.04E-05
Days to maturity 1.981818182 7.93E-07
Tiller branch number 70> 1.72E-06
Panicle branch number 1.583850932 1.05E-25
Seed number per panicle 1.704042412 6.15E-18
Seed weight per plant 1.319047619 1.10E-02
Seed weight per 1000 0.887301587 2.91E-04
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TD vs ND DEGs showed an equal amount of up and downregulation (51% up) and 

TM vs ND DEGs showed greater downregulation (41% up) (Supplemental Figure 5.7). 

TD samples clustered together and showed a distinct expression profile to ND (Figure 

5.12). Gene ontology (GO) term analysis was carried out on upregulated shared DEGs 

to test for functional enrichment of biological processes, cellular components, and 

molecular functions, showing significant enrichment of translational and metabolic 

terms (Figure 5.13). Like GO term analysis of indTaRKD1-7D #1.4 leaf tissue it was 

difficult to deduce whether GO term enrichment was the result upregulating 

translational genes or consistent with energy demands for increased vegetative tissue 

growth. 
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Figure 5.11. PCA of samples and Venn diagram of DEGs from indOsRKD3 Cempo Ireng 
leaf RNAseq experiment. TD = transgenic DEX, ND = non-transgenic DEX, TM = 
transgenic mock (A) Principal component analysis (PCA) of indOsRKD3 Cempo Ireng leaf 
samples coloured according to genotype and treatment condition as described in the legend on 
the right. Percentage of variance accounted for in each principal component is denoted beside 
the label. (B) Venn diagram of differentially expressed genes (DEGs) shared between the 
pairwise differential comparisons TD vs ND and TM vs ND. Percentages highlight proportion 
of total genes between both pairwise differential comparisons. 
 
 
 
 
 
 
 

TM1TM2

ND1 ND2

TD1

TD2

−20

−10

0

10

20

−50 0 50 100
PC1: 92% variance

PC
2:

 5
%

 v
ar

ia
nc

e

group
a
a
a

ND

TD

TM

TD_ND_DEG TM_NM_DEG

2569
(76.4%)

465
(13.8%)

329
(9.8%)

A

B

TM1TM2

ND1 ND2

TD1

TD2

−20

−10

0

10

20

−50 0 50 100
PC1: 92% variance

PC
2:

 5
%

 v
ar

ia
nc

e

group
a
a
a

ND

TD

TM

TD_ND_DEG TM_NM_DEG

2569
(76.4%)

465
(13.8%)

329
(9.8%)

A

B



 164 

 
 
 
 
 
 
 
 

 
 
Figure 5.12. Heatmap of TD vs ND only DEGs from indOsRKD3 Cempo Ireng leaf 
RNAseq experiment. TD = transgenic DEX, ND = non-transgenic DEX, TM = transgenic 
mock. Scale displayed is row scaled logarithmically transformed DESeq2 normalised count 
values from htseq-count.  Hierarchical clustering was performed on IndOsRKD3 Cempo Ireng 
TD vs ND only leaf DEGs and is displayed as a dendrogram on the side of the heatmap. 
Hierarchical clustering was also performed on samples and is displayed as a dendrogram on 
the top of the heatmap. 
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Figure 5.13. GO term analysis of upregulated IndOsRKD3 Cempo Ireng TD vs ND only 
leaf DEGs. The top 20 most significant gene ontology (GO) terms from the upregulated 
IndOsRKD3 Cempo Ireng TD vs ND only leaf DEGs are plotted here. GO terms are labelled 
on the y axis and the ratio of genes for a GO term in the upregulated IndOsRKD3 Cempo Ireng 
TD vs ND only leaf DEGs compared to the total number of genes corresponding to that GO 
term in the genome is plotted on the x axis. Point size is determined by the number of genes 
from that GO term in the upregulated NIL tiller node shared DEGs list as denoted on the 
legend on the right. False discovery rate (FDR) is computed by taking the -log10 of the p value 
determined from an enrichment test with a Benjimini-Hochberg correction and is coloured as 
denoted on the legend on the right. 
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5.2.4. Upregulated TD vs ND only DEGs with an AtRKD2 motif show enrichment 
for functional terms involved in transcriptional and metabolic processes 
 
Transcriptomics analysis in leaf tissue was not sufficient to determine whether 

indOsRKD3 upregulated translational GO terms directly, to solve for this the AtRKD2 

motif, an evolutionary conserved and verified zygotic RKD motif, was used to predict 

TD vs ND only DEGs with an OsRKD3 binding motif in their 3kb promoter region. 

TD vs ND only DEGs were filtered for significant predicted AtRKD2 binding motifs, 

the only zygotic RKD in the DAPseq database, within their 3kb promoter region. It 

was confirmed there was a higher density of the AtRKD2 binding motifs upstream of 

the TSS than downstream (Figure 5.15). GO term analysis was carried out on TD vs 

ND only leaf DEGs with a predicted AtRKD2 binding motif in their 3kb upstream 

promoter region to test for functional enrichment of biological processes, cellular 

components, and molecular functions, showing significant enrichment of 

transcriptional and metabolic process terms, but not translational terms (Figure 5.16). 

Following this we decided to intersect our TD vs ND only DEGs with publicly 

available RNAseq data from developmental timecourses in meristematic and 

reproductive tissues to confirm genes that may be relevant to tillering.  
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Figure 5.14. Increased incidence of predicted AtRKD2 binding motif in 3kb upstream 
promoter regions of upregulated IndOsRKD3 Cempo Ireng TD vs ND only leaf DEGs. 
Density values for predicted AtRKD2 binding motifs are given by the smooth line plot and 
the y-axis on the left. Points on the graph are also plotted along the y-axis on the right for a 
normalised HOMER motif score. Points are coloured according to density values denoted on 
the legend to the right. 
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Figure 5.15. GO term analysis of upregulated IndOsRKD3 Cempo Ireng TD vs ND only 
leaf DEGs with a predicted AtRKD2 binding motif in their 3kb upstream promoter 
region shows enrichment of terms involved in transcription and metabolic process. The 
top 10 most significant gene ontology (GO) terms from the upregulated IndOsRKD3 Cempo 
Ireng TD vs ND only leaf DEGs with a predicted AtRKD2 binding motif in their 3kb upstream 
promoter region are plotted here. GO terms are labelled on the y axis and the ratio of genes 
for a GO term in the IndOsRKD3 Cempo Ireng TD vs ND only leaf DEGs with a predicted 
AtRKD2 binding motif in their 3kb upstream promoter region compared to the total number 
of genes corresponding to that GO term in the genome is plotted on the x axis. Point size is 
determined by the number of genes from that GO term in the IndOsRKD3 Cempo Ireng TD 
vs ND only leaf DEGs with a predicted AtRKD2 binding motif in their 3kb upstream promoter 
region list as denoted on the legend on the right. False discovery rate (FDR) is computed by 
taking the -log10 of the p value determined from an enrichment test with a Benjimini-Hochberg 
correction and is coloured as denoted on the legend on the right. 
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5.2.5. Upregulated TD vs ND only DEGs expressed in meristematic and 
reproductive tissue are involved in DNA binding and kinase signalling 
 

To identify TD vs ND only DEGs that showed tissue specific expression in 

meristematic and reproductive tissues transcript per million values (tpm) were 

obtained from the MSU database for a variety of vegetative and reproductive tissues 

from O. sativa ssp. japonica ‘Nipponbare’. TPM values for TD vs ND only DEGs 

were visualised with TD samples, vegetative tissues, and reproductive tissues 

(Supplemental figure 5.8). Hierarchical clustering split the TD vs ND only DEGs tpm 

values into 14 distinct clusters with different expression profiles (Figure 5.16). Cluster 

12 showed an expression profile relevant to tillering with high expression of DEGs in 

TD, shoot, anther, and post-emergence inflorescence samples (Figure 5.17). GO term 

analysis was carried out on cluster 12 DEGs to test for functional enrichment of 

biological processes, cellular components, and molecular functions, showing some 

significant enrichment of DNA binding and kinase signalling terms, but showing very 

significant enrichment of lipid transport that has been strongly implicated to play a 

major role in wheat and rice inflorescence development, consistent with their high 

expression seen in anther and post-emergence inflorescence tissue (Figure 5.17, Figure 

5.18) (Zhang et al., 2010; Ma et al., 2018). These terms were not relevant to other 

molecular pathways we had elucidated in indTaRKD1-7D transcriptomics analyses, so 

we decided to investigate the transcriptional cascade of indOsRKD3 using a 

coexpression network as this analysis might identify coregulated genes more relevant 

to tillering. 
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Figure 5.18. GO term analysis of IndOsRKD3 Cempo Ireng TD vs ND only leaf DEGs 
Cluster 12 shows enrichment of terms involved in DNA binding and signalling. The top 
20 most significant gene ontology (GO) terms from the IndOsRKD3 Cempo Ireng TD vs ND 
only leaf DEGs Cluster 12 are plotted here. GO terms are labelled on the y axis and the ratio 
of genes for a GO term in the IndOsRKD3 Cempo Ireng TD vs ND only leaf DEGs Cluster 12 
compared to the total number of genes corresponding to that GO term in the genome is plotted 
on the x axis. Point size is determined by the number of genes from that GO term in the 
IndOsRKD3 Cempo Ireng TD vs ND only leaf DEGs Cluster 12 list as denoted on the legend 
on the right. False discovery rate (FDR) is computed by taking the -log10 of the p value 
determined from an enrichment test with a Benjimini-Hochberg correction and is coloured as 
denoted on the legend on the right. 
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5.2.6. An upregulated indOsRKD3 TD vs ND only DEGs coexpression network 

shows functional enrichment for kinase signalling, stress response and cell cycle 

To identify coexpressed TD vs ND only DEGs that were involved in tillering, a 

publicly available global coexpression network was filtered for high confidence 

coexpression correlations with at least one upregulated indOsRKD3 TD vs ND only 

DEGs and separated into 6 coexpression clusters. GO term analysis of coexpression 

clusters showed significant enrichment of functional terms implicated in protein 

phosphorylation, translation, cell cycle and stress related processes (Figure 5.17). This 

network is available at nDEX for visualisation under ‘indOsRKD3 coexpression 

network GO term’. Redundant GO terms in two clusters were removed and plotted in 

semantic space showing terms for transcription, signalling and microtubule-based 

processes signalling in the red ‘protein phosphorylation’ cluster and terms for 

cytoplasmic translation and cellular component organisation in the lilac ‘translation’ 

cluster. (Figure 5.18, Figure 5.19). The coexpression network was annotated by log2 

fold change from the indOsRKD3 TD vs ND pairwise comparison and showed that 

most genes were upregulated (Figure 5.20). This network is available at nDEX for 

visualisation under ‘indOsRKD3 coexpression network logfold change’. Network 

analysis showed nodes with the highest betweenness centrality, a measure of how 

much information passes through a node, were kinase signalling and stress related 

genes (Figure 5.21). While GO terms enriched in clusters like cell cycle and 

fertilisation were relevant to tillering, no high confidence and consistent 

transcriptional trends could be matched between indTaRKD1-7D and indOsRKD3 

RNAseq experiments.  
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Figure 5.19. Upregulated IndOsRKD3 Cempo Ireng TD vs ND only leaf DEGs 
coexpression network clustered and functionally annotated. Nodes (genes) and edges 
(coexpression relationships) are spatially arranged with a prefuse force-directed layout in 
cytoscape and clustered according to how they separated in semantic space. Larger diamond 
nodes represent transcription factors. Each colour represents a cluster with a significant GO 
term that is labelled above the cluster.  
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Figure 5.20. Revigo analysis of GO terms from protein phosphorylation cluster. GO terms 
coloured as found in the red ‘protein phosphorylation cluster of figure 5.18 plotted in semantic 
space based on GO term similarity with the term size represented on the right of the plot. 
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Figure 5.21. Revigo analysis of GO terms from translation cluster. GO terms coloured as 
found in the lilac ‘translation’ cluster of figure 5.18 plotted in semantic space based on GO 
term similarity with the term size represented on the right of the plot. 
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Figure 5.22. Upregulated IndOsRKD3 Cempo Ireng TD vs ND only leaf DEGs 
coexpression network annotated by differential expression. Nodes (genes) and edges 
(coexpression relationships) are spatially arranged with a prefuse force-directed layout in 
cytoscape and clustered according to spatial separation. Larger diamond nodes represent 
transcription factors. Nodes are coloured by log2 fold change in expression values from the 
IndOsRKD3 Cempo Ireng TD vs ND only comparison as denoted in the top left. 
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Figure 5.23. Enrichment of AP2 and ras-related genes in nodes with highest betweenness 
centrality in the IndOsRKD3 Cempo Ireng TD vs ND only leaf DEGs coexpression 
network. Top 10 nodes with the highest betweenness centrality of the upregulated 
IndOsRKD3 Cempo Ireng TD vs ND only leaf DEGs coexpression network are plotted with a 
log10 transformation. Betweenness centrality is a measure of the number of coexpression 
correlation values that map in and out of a node. Point size is determined by the differential 
log2 fold change of that gene in the indOsRKD3 Cempo Ireng TD vs ND only pairwise 
comparison as denoted on the legend on the right. The adjusted p value is computed by taking 
the -log10 of the differential expression p value from the indOsRKD3 Cempo Ireng TD vs ND 
only pairwise comparison for that gene and is coloured as denoted on the legend on the right. 
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5.2.7. OsRKD3 induces higher tiller formation in Cempo Ireng in an expression 

level dependent manner 

To finalise our molecular analysis of indOsRKD3 lines, acid fuschin, a histological 

staining method for assessing cell density and meristem formation was used to assess 

axillary meristem formation in rice seedling in the presence and absence of the 

indOsRKD3 chemical inducer DEX. indOsRKD3 and wild type plants were 

germinated on media in the presence or absence of DEX and were stained with acid 

fuschin to identify axillary meristem formation 15 and 21 days after sowing. Tiller 

formation was increased when comparing indOsRKD3 to the wild type, with 

indOsRKD3 showing higher tiller formation in the presence of DEX (Figure 5.22). 

This confirmed that OsRKD3 expression increased tiller formation in Cempo Ireng in 

an expression level dependent manner. 
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Figure 5.24. Increased tiller initiation in indOsRKD3 Cempo Ireng T2 line in a dose 
dependent manner. Tiller buds are circled in red in all images and days after sowing (DAS) 
is given by the labels at the top of the image. DEX is the chemical inducer of indOsRKD3 
Cempo Ireng and results in higher OsRKD3 expression, consistent with an increase in tiller 
bud initiation in indOsRKD3 + DEX compared to indOsRKD3. 
 
 
 
 
 

 

WT

indOsRKD3

indOsRKD3 
+ DEX

15 DAS 21 DAS



 181 

5.3. Discussion  

5.3.1. Ectopic expression of zygotic RKDs induces higher tiller number in 

several BEP clade grass species 

Here, we’ve shown that ectopic expression of the zygotic transcription factors, 

AtRKD4 and OsRKD3, induce higher tiller number in ‘Nipponbare’, a cultivar of O. 

sativa ssp. japonica and O. sativa ‘Cempo Ireng’, a black Indonesian rice whose 

subspecies hasn’t been determined, respectively. Ectopic expression of OsRKD3 in 

Cempo Ireng led to an increase in plant height and seed weight per plant as in 

indTaRKD1-7D ‘Fielder’ lines. Inflorescence architecture was also drastically affected 

in indOsRKD3 Cempo ireng with an increase in the panicle branches and seeds per 

panicle. Two major differences between indOsRKD3 Cempo Ireng and indTaRKD1-

7D ‘Fielder’ phenotypes was the seed weight per 1000 and an internodal tiller 

branching phenotype. Measurements seems contradictory in seed weight experiments 

with indTaRKD1-7D ‘Fielder’ showing an increase and indOsRKD3 ‘Cempo Ireng’ 

showing a decrease in seed weight per 1000. This could be due to multiple factors such 

as incomplete grain filling due to a high number of unproductive tillers or species-

specific differences in vegetative and inflorescence architecture. Field trials with large 

replication will be needed to investigate this further to clarify how ectopic expression 

of zygotic RKDs effects grain filling and seed weight per 1000. The internodal tiller 

branching phenotype has been previously described in the literature through homeotic 

mutations of AP1/FUL-Like MADS box and SEPALLATA MADS box genes 

(Kobayashi et al., 2012). However, in these studies floral meristems (FM) are not 

formed. Interestingly, the adventitious roots that can be seen at the nodal junctions 

suggests that this is a full transformation of an inflorescence meristem (IM) to an 

axillary meristem (AXM), possibly meaning that OsRKD3 is reprograms IM to its 
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earlier AXM state. This also suggests that ectopic OsRKD3 expression can influence 

IM and potentially FM meristems in a similar manner to how it increases AXM 

formation and tiller bud outgrowth. 

 

5.3.2. Transcriptomics analysis of indOsRKD3 Cempo Ireng leaf tissues shows 

upregulation of terms relevant to meristem and inflorescence development 

Dexamethasone (DEX) conditions in indOsRKD3 samples significantly increased 

ectopic OsRKD3 expression by a factor of 10-fold, much higher compared to Estradiol 

conditions in indTaRKD1-7D leaf and immature embryo tissue. This suggests that 

DEX appears to be a more potent chemical inducer of gene expression which may be 

because Estradiol has poor intercellular kinetics, although most of the literature shows 

it is appropriate for plant systems. Tissue specific differences between rice and wheat 

also could play a role, particularly the waxy cuticle of wheat leaf tissue, but this would 

not explain the lack of induction in immature embryos. As highlighted in the 

discussion of Chapter 4, leaf tissue doesn’t appear to have an appropriate chromatin 

accessibility context for zygotic RKD-induced dedifferentiation. However, through 

hierarchical clustering analysis using our samples and publicly available time course 

data we overcame this obstacle to identify a subset of genes that were upregulated in 

anther and inflorescence tissues (Figure 5.16, Figure 5.17). This cluster showed very 

significant enrichment of lipid transport GO terms that have been shown to play a 

major role in inflorescence development in rice and wheat (Zhang et al., 2010; Ma et 

al., 2018). This suggests a new class of genes implicated in the spike and panicle 

phenotypes observed in indTaRKD1-7D and indOsRKD3 respectively. This was likely 

not detected in wheat due to the poor GO term annotation in the wheat genome 

compared to rice but could also represent a rice specific transcriptional pathway that 



 183 

isn’t present here. Additionally, through filtering for a high confidence list of 

indOsRKD3 upregulated leaf DEGs for predicted AtRKD2 motifs we constructed a 

coexpression network that nicely surmised the balance of signal to noise in this 

transcriptomics analysis. Here, we saw upregulation of cell cycle and translation 

coexpression clusters in the indOsRKD3 TD vs ND only DEGs coexpression network 

that suggests high ectopic expression of OsRKD3 can induce some transcriptional 

changes in rice leaf tissue. However, we also saw that the biggest cluster in the network 

is response to toxic substance, which suggests that this level of filtering data does not 

increase the signal to noise ratio in the dataset in most cases. The consistency in 

phenotypic results between indTaRKD1-7D and indOsRKD3 haven’t been replicated 

in transcriptomics analysis here, but we see some indication that there are signatures 

of transcriptomics processes relevant to zygotic RKD-induced meristem formation. To 

conclude, while some RKD relevant processes can be identified in leaf tissue, it can 

be clearly stated that leaf tissue does not contain much of the chromatin accessibility 

necessary for RKD induced meristem formation. 
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Chapter 6  

 

6.1 General discussion 

“We may observe that the plant is capable of taking this sort of backward step, 

reversing the order of growth. This makes us all the more aware of nature’s regular 

course; we will familiarize ourselves with the laws of metamorphosis by which nature 

produces one part through another, creating a great variety of forms through the 

modification of a single organ” – The Metamorphosis of Plants by Johann Wolfgang 

Von Goethe – 1790. 

 
Plant development requires the continuous initiation of new organs through pluripotent 

stem cell niches called meristems.  Meristem formation and maintenance determines 

plant architecture through integration of environmental signals over their lifecycle, 

which can last from weeks to centuries. The domestication of major crops through 

selection of plant architecture traits amenable to agriculture frequently selected 

quantitative trait loci (QTL) that controlled meristem determinacy such as Teosinte 

Branched 1 (TB1) for tiller bud outgrowth in maize and CLAVATA 3 (CLV3) whose 

misexpression increases fruit sizes in tomato through enlarged floral meristems (FM) 

(Doebley et al., 1995; Xu et al., 2015). Natural diversity amongst wild relatives is an 

invaluable resource for variants that modulates plant architecture that can be used for 

crop improvement, safeguarded by organisations like ICARDA which have 

maintained over 80,000 wheat accessions despite disruption with the Syrian civil war 

(Westengen et al., 2020). However, the pressure of climate change on agriculture 

requires the acceleration of genetic gain in cereal crops through the identification and 

generation of novel mutations not necessarily present in nature through novel 
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technologies like genome editing. We’ve shown here that ectopic expression of 

zygotic RKD can increase tiller number and has the potential to improve yield in a 

range of cereal crops like wheat and rice. While we’ve extensively characterised the 

molecular pathways in TaRKD1 induced tiller formation, we didn’t manage to show 

this for ectopic expression of OsRKD3. The following is a model for TaRKD1 induced 

higher tiller number and spikelet per spike number (summarised in Figure 6.1): 

 

1. TaRKD1 binds promoter regions and upregulates genes involved in 

chromatin accessibility and cell cycle in pre-meristem tissue.  

2. Reprogramming of pre-meristem to axillary meristem (AXM) tissue increases 

the number of outgrowing tiller buds in the plant.  

3. AXMs are maintained through TaRKD1 promoting meristematic 

indeterminacy through upregulation of cell cycle genes, maintaining a 

dividing pluripotent AXM. This allows AXMs to develop into mature tillers. 

4. We also speculate that ectopic TaRKD1 expression promotes meristematic 

indeterminacy in the shoot apical meristem, increasing plant height, and in 

the inflorescence meristem, increasing spikelet number per spike via cell 

cycle genes and meristematic determinacy factors such as trehalose-6-

phosphate synthases.  

 

To expand on our TaRKD1 induced tiller number model with our phenotypic data, 

we’ve shown that TaRKD1 induced tiller formation is not inhibited by endogenous 

signals that temper tiller outgrowth with nutrient availability to the same degree as 

wild type plants. Interestingly, we also see that at lower nitrogen availability there is a 

greater increase in tiller number relative to the wild type. With fertiliser production 
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being recognised as one of the greatest contributors to greenhouse gas emissions, there 

has been a demand for making wheat cultivars less reliant on high nutrient inputs 

(Hawkesford 2014; Chai et al., 2019). Many research groups have tackled the goal of 

sustainable agriculture by increasing tiller number as it appears that ideotype breeding 

can maximise nutrient use, with some using RWP-RK transcription factors as well (Li 

et al., 2018; Wu et al., 2020; Yu et al., 2021). The high evolutionary conservation of 

zygotic RWP-RK transcription factors across the plant kingdom means this strategy 

may be used to improve nutrient use in non-grass breeding programs through 

increasing lateral branch formation (Koi et al., 2016). However, it is possible that 

increased nitrogen response in rice and wheat is due to adventitious roots formed with 

each additional tiller, which would not translate to increased nutrient use in non-grass 

breeding programs. To confirm this, it would be useful in future experiments to 

investigate the root architecture of indTaRKD1-7D to confirm an increase in 

adventitious root formation through new phenotypic imaging techniques that have 

become standard in the field (Atkinson et al., 2019). 

 

This finding opens the possibility of a novel breeding strategy though adjusting the 

level of ectopic TaRKD1 expression by genome editing to maximise nitrogen response 

while minimising the number of unproductive tillers. Further to this, ectopic 

expression of epigenomic regulators has been shown to improve yield-determining 

traits like NITROGEN GROWTH RESPONSE GENE 5 (NGR5) through recruiting 

POLYCOMB REPRESSIVE COMPLEX 2 (PRC2) to repress expression of shoot 

branching inhibitory genes, increasing nitrogen use efficiency (NUE) (Wu et al., 

2020). This suggests that increasing tiller number by circumventing inhibitory 

endogenous signal can also lead to increased nitrogen response. This is historically 
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evident by high tiller number ideotypes bred through the Rht-1 mutant alleles 

increasing NUE during the second green revolution (Conway, 2019).  

 

We also observed the indTaRKD1-7D lines induced higher tiller number in very 

restricted soil volumes suggesting the TaRKD1-7D transcriptional cascade can 

override many of the negative feedback loops tempering tiller number. Environmental 

insensitivity has been exploited by pathogens in cereal crops, with the fungus 

Gibberella fuikuroi secreting GA inducing spindled growth and to disable JA-

media�exaploidy�roph resistance (Phiney and West, 1959; Navarro et al., 2008). 

This highlights the need for plants to actively modulate their shoot architecture through 

sensing the available soil volume and nutrients. The SL pathway is fundamental to 

sensing soil volume and has been suggested to be analogous to plant-plant 

communication or plant seeding density in field conditions (Wheeldon et al., 2021). 

Epigenetic factors have also been previously shown to regulate plant density and 

growth through the release of histone deacetylases inhibitors to suppress competitor 

growth (Venturelli et al., 2015). Classical tillering mutants like the Rht1 mutant alleles 

have been shown to be subject to soil volume constraints with no increased tiller 

number being observed at lower plant spacings (Jobson et al., 2019). Ectopic 

expression of TaRKD1-7D has a unique ability to induce higher tiller number 

regardless of soil volume may also apply to lower plant spacing in future field trials. 

 

One of the main hypotheses of the model suggests that indTaRKD1-7D decreases 

meristematic determinacy in both SAM and IM tissue to effect height and SNS 

respectively. We were unable to confirm whether increased plant height was caused 

by meristematic indeterminacy or increased stem elongation from delayed flowering 
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time as we hadn’t recorded the number or length of the internodes during the trial. 

Other researchers continuing this study will investigate this in due course. However, 

for IM indeterminacy, many examples of axillary meristem factors effecting tiller and 

spike formation exist in the literature with MOC loss of function resulting in no AXM 

formation for tillering or spikes in rice and the TaMOC1-7A HapH overexpression 

haplotype leading to increased SNS in wheat (Li et al., 2003; Zhang et al., 2015). These 

previous findings give context to our hypothesis that ectopic TaRKD1-7D expression 

increases AXM formation and increases SNS. More complex relationships exist with 

ectopic expression of morphogenic regulators depending on their tissue context such 

as ZmTB1 overexpression promoting lateral bud dormancy, but TaTB1 overexpression 

leading to supernumerary spikelet formation in wheat, which is also like the homeotic 

transformations we’ve seen in internodal tiller branches in our indOsRKD3 lines 

(Lewis et al., 2008; Dixon et al., 2018).  

 

While we’ve phenotypically characterised spike phenotypes in indTaRKD1-7D 

extensively with automated image analysis, SEM imaging and CT scans we haven’t 

conclusively proven that indTaRKD1-7D expression causes decreased inflorescence 

meristem determinacy. Future experiments could try to establish that increased SNS 

isn’t a consequence of delayed flowering time as these two processes are intricately 

linked as discussed in Chapter 1. In contrast to indTaRKD1-7D induced higher tiller 

formation, no difference in SNS increase was observed across nitrogen conditions 

suggesting that this developmental process isn’t affected as much in indTaRKD1-7D 

as tiller formation.  
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Through extensive bioinformatics analysis integrating DAPseq, ChIPseq and RNAseq 

we suggest that these processes occur through the binding and upregulation of genes  

related to cell cycle and meristematic determinacy. Tillering has long been known to 

be regulated by cell cycle factors in wheat. The tiller inhibition (tin) gene was mapped 

to the short arm of chromosome 1A after showing reduced tillering, thicker stems, and 

large spike and has been functionally characterised through map-based cloning of a 

cellulose synthase-like (Csl) protein at this locus [ref[. Early cessation of internode 

elongation of lateral culms in this genotype has been associated with hollow basal 

internodes due to reduced Suc content in dormant tin buds (Hyles et al., 2017).  

 

Markers of DNA replication like histone H4 and cyclin-dependent kinase B were 

shown to be downregulated in dormant tiller buds in the tin mutant suggesting cell 

cycle regulators are key to tiller outgrowth (Kebrom et al., 2012). Moreover, this 

suggests that many endogenous signals can inhibit cell cycle genes necessary for AXM 

outgrowth and tiller formation.  External conditions can also limit these processes with 

nitrogen deficiency inhibiting cell division-determined elongation, but not initiation, 

of rice tiller buds (Luo et al., 2017). This shows the potential of how ectopic expression 

of TaRKD1-7D can increase AXM initiation but is still subject to endogenous signal 

for tiller outgrowth. It should be noted however, that high ectopic expression does 

result in a significant increase in unproductive tillers and so is at least partially 

independent of this endogenously tempered outgrowth. 

 

Meristem development is tightly controlled by multiple pathways that tweak cell 

proliferation and the timing of termination of this pluripotent stem cell niche. In maize, 

loss of function mutations in RAMAOSA3 (RA3), which encodes a trehalose 6-
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phosphate phosphatase, results in decreased meristematic determinacy leading to 

increased tassel branching and ectopic branching in ears (Satoh-Nagasawa et al., 

2006).  Additionally, trehalose 6-phosphate has been shown to trigger AXM bud 

outgrowth in garden pea (Pisum sativum L.) (Fichtner et al., 2017). However, more 

recently no correlation has been found between trehalose 6-phosphate phosphatases 

(TPPs) enzymatic activity and meristematic determinacy but do show nuclear 

localisation suggesting a moonlighting function for TPPs. In conclusion, trehalose 6-

phosphate and genes that regulate its abundance have been shown to be involved in 

meristematic development, but their exact mechanism is more complicated than 

initially thought. In our wheat bioinformatics analysis, we see upregulation of 

trehalose-6-phosphate synthase (TPPS) genes with ChIPseq and DAPseq peaks in their 

promoter regions suggesting they play a role in TaRKD1 induced axillary meristem 

formation. This is only a small subset of the TPPSs (~25) within the wheat genome 

suggesting that others do not have a TaRKD1-7D binding motif or can be expressed 

in the tissues we’ve analysed.  

 

Our bioinformatics analysis showed upregulation of many cell cycle genes with a 

DAPseq peak within 10kb of their TSS and as nodes with the highest in and outdegree 

in our co-expression networks suggesting this is one of the main pathways in 

indTaRKD1-7D induced higher tiller number. Additionally, we found significant 

enrichment of terms relating to histone methylation and histone H4 which have both 

been shown to be play key roles in cell division and dedifferentiation of cells into more 

pluripotent tissues (Fobert et al., 1994; Nic-can et al., 2013). However, much of the 

bioinformatics analysis has relied heavily on GO term analysis which has its 

limitations (Khatri and Drăghici, 2005). While model organisms like arabidopsis and 
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rice have GO terms and verified biological functions associated with most genes, 

plants with large complex genomes such as wheat don’t have the same level of 

annotation. This greatly narrows the scope for discovery in wheat, with some specific 

GO terms like ‘somatic embryogenesis’ having 3 genes associated with it. 

Additionally, in many cases throughout this thesis we see non-specific parent terms 

over-represented that are difficult to interpret such as ‘catalytic activity’. While other 

less annotation heavy strategies exist such as searching for overrepresentation of 

protein domains using Pfam (although it should be noted GO terms are also based on 

this approach) the issue of annotation and characterisation of genes in wheat compared 

will remain until better systematic annotations for wheat are developed (Mistry et al., 

2021).  

 

Beyond the use of GO terms to identify biological processes and genes implicated in 

the TaRKD1-7D transcriptional cascade we employed a few strategies to narrow down 

lists of candidates such as overlapping different NGS techniques to get around ~150 

genes with a DAPseq binding site and RNAseq differential expression. Many of these 

genes were also involved in epigenetic and cell cycle related processes which suggests 

that these terms are better annotated than others. Overlapping of orthologs between 

our indTaRKD1-7D and indOsRKD3 lines was most likely unsuccessful due to the 

poor quality of the rice RNAseq dataset and the evolutionary divergence of these 

species within the BEP clade (~55 MYA).  

 

Zygotic RKDs has been mainly characterised in the literature as regulators of zygotic 

elongation and as inducers of somatic embryogenesis when ectopically expressed. 

Somatic embryogenesis was revolutionary for academic and industry researchers as it 
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allowed mutational analysis and higher yielding varieties to be developed to gain a 

greater understanding of plant development and agriculture. A wide plethora of 

somatic embryogenesis factors (SEFs) like BABY BOOM (BBM), WUSHCEL (WUS) 

and RWP-RK DOMAIN-CONTAINING 4 (RKD4) were discovered for multiple plant 

species to increase transformation efficiencies but has ended with the open-source 

GRF4-GIF1 construct being shown to have high transformation efficiencies across 

multiple agronomically important plant species (Debernardi et al., 2020). Mutational 

analysis of SEFs has been shown to effect plant architecture with the WUS ortholog 

TILLERS ABSENT 1 (TAB1) being implicated in AXM formation (Tanaka et al., 

2015). Other researchers have shown the potential of SEFs to modulate inflorescence 

architecture in agronomically important crops by tuning the expression of one of those 

classically studied meristem formation and maintenance pathways, the WUSCHEL-

CLAVATA feedback loop, using genome editing (Rodríguez-Leal et al., 2017; Liu et 

al., 2021). Ectopic SEF expression has been shown to be present in nature and maybe 

perhaps an untapped resource in breeding programs, particularly considering the 

number of SEF ectopic expression lines exist in many research institutes (Shimada et 

al., 2018). This will hopefully pave the way for other researchers to investigate 

whether these lines or others can be used to modulate plant architecture to understand 

more about plant development and improve yield by manipulating agronomically 

important traits. 

 

Breeding for high yielding cereal varieties will require the introgression of available 

natural variation in wild landraces to ensure major staple crops can adapt to climate 

change and improve food production.�exaploidyloid wheat, the D genome derived 

from A. tauschii has been highlighted as a diversity bottleneck from bread wheat 
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domestication, with many wild accessions bearing natural variation unrepresented in 

modern elite cultivars, showing that even in a crop domesticated ~12,000 years ago 

the full potential of natural diversity remains untested (Wang et al., 2014). Recently 

the use of k-mer based GWAS has been used to capture the structural variation 

available in wild populations of A. tauschii to improve plant breeding (Gaurav et al., 

2021). However, natural variation for ectopic SEF expression may be restricted as 

we’ve seen that indTaRKD1-7D plants are less receptive to environmental factors that 

may restrict tiller vigour like nutrient availability and soil volume and may not be as 

adaptive in wild populations as they are in agricultural varieties grown in nutrient rich 

conditions.  

 

Following this, manipulating meristem formation through ectopic expression of SEFs 

may require the generation of synthetic variation through genome editing as opposed 

to transgene integration to increase cereal crop yields in the current agricultural policy 

environment. Allelic diversity in the promoter regions of morphogenic regulators 

generated by CRISPR/Cas has been shown to be capable of adjusting expression levels 

of the CLAVATA3/Embryo Surrounding Region-Related (CLE) genes which determine 

maize inflorescence architecture. Promoter bashing using CRISPR/Cas9 and multiple 

guide RNAs can decrease expression through deletion of regulatory regions or can 

increase expression as evidenced through the CLE7CR-pro3 promoter inversion event 

generated (Liu et al., 2021). The development of new genome editing technologies 

such as prime editing has opened the possibility of high efficiency insertion events into 

promoter regions, perhaps allowing the introduction of motifs that induce ectopic 

expression of SEFs in a tissue specific manner (Anzalone et al., 2019).  
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Here, we’ve shown that ectopic expression of TaRKD1 induces higher tiller number, 

increased SNS, and seed yield in rice and wheat. This is potentially a novel strategy 

for improving yield across a range of cultivars and cereal crop species. A model has 

been developed using extensive molecular data for how TaRKD1 ectopic expression 

can be used to manipulate axillary meristem formation and potentially apical and 

inflorescence meristem determinacy. We’re excited about future experiments that may 

be conducted based on these results to understand more about plant architecture and 

meristem development to improve crop yield to tackle the challenges of food security 

in the 21st century. 
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Appendices 

Supplemental Information – Chapter 2  

Table 2.1. Oligonucleotide sequences 

 

Synthetic DNAs  

>synOsRKD3 

ggacaagtttgtacaaaaaagcaggctcgagATGGAAATGCACGAGTGCTGCTACTACGGGGGTT
CCATCGGAGGCGACTGGCTTAATCCGCTCGCGGCAATACCGCCGCCGTGTTCAT
CATCCAGCTCATCGTGGTCTAGCCAGCTGCTGCTGCTCTCGGACCATGACGATGT
GTTGCTCCACAGCGCCGGCGATCACGGAGGGGCGGTGGCGGGAATTGGCGGTG
CCTGTATGACTGCTGATCTGGTGGTGAGGGACGAGGAGATGGAGATGGCCGCC
GGCTACCTCCCTGTCGCTGCGTCCGCAGCCGCGGCGGCGGATGTCGATCACTAC
ATGTACCAGCAGTTCCAGCTTGAGCCCGATCAGTTCGTGTCAACCTTGCCGGCT
GTTGCCGTTGCCGTGGCCGCGACAGCAGGGGGAGGATCACACGACGACGAACT
CCTCAGGATGCCATTCACCGACATCGATTTGGATGCATTTGCCGATGCCAGAGA
TGTGGTCGTCGGAGTTGGGGAGCCGAAGCCCTCTCCCCAGCATACCCTTGACGC
TGCAATCGCGCTTCCTGCAGTAGGCGGCGGCGGCGCTCATCATTTCGGAACGCA
AGACGATGACGTGAAGTTCGACGTAACCAAACAGCGGAACGATGCTGCGCTCG
CTGGCGATGATAGTCTGAGTATGGTGATCGTGGAGTCGTACGAGATGGGAATGA
GAAGACATGCGGCTGAGCAAGAGCAGGAACAGAAGCCAAAGATCATTACCTCA
GCAGCCACTACCCTCACGCCGCTCCCGCTGCCGCCTCCTCCTCCACCACCACCTA
GAGTGACGCGGTCAAGGAGAGATGGTAGCTCAGCAGCAACCGCCGGGGGAAAA
ACGCGCCTTGACCACATAGGATTCGAGGATCTTAGAAGATATTTTTACATGCCC

Name sequence
synTaRKD1-7D_attB1 GGGGACAAGTTTGTACAAAAAAGCAGGCTTCATGGAGATGCAACAACAATAC
synTaRKD1-7D_without_stop_attB2 GGGGACCACTTTGTACAAGAAAGCTGGGTGAAATCCAAAGAATCCCATTTG
synTaRKD1-7D_with_stop_attB2 GGGGACCACTTTGTACAAGAAAGCTGGGTGCtAAAATCCAAAGAATCCCATTTG
pERV1-XVEU-FOR CGGAATTCCCAGAGATGTTAGCTG
pERV1-T3A-REV CGGTCATTAGAGGCCACGATTTGAC
synTaRKD1-7D_FP_1 ATGTCTCCCTATGGCAGCAG
synTaRKD1-7D_RP_4 ACATCTGTTCCTCAGGGCGTATC
TaGAPDH_FWD TTAGACTTGCGAAGCCAGCA
TaGAPDH_REV AAATGCCCTTGAGGTTTCCC
synTaRKD1-7D_RTF2 GTCAGAGGGCTCATGTCTCC
synTaRKD1-7D_RTR2 ACAGAGCGTCGTCAAGTCCT
synTaRKD1-7D_RTF3 GGCAGGCTTGTTTCAAAGAG
synTaRKD1-7D_RTR3 CATTTGTGGGAGAGGCATTT
TaRKD1-7D/AetRKD1-7D_RTF2 ACCGGAAGATGAAGAGCCTC
TaRKD1-7D/AetRKD1-7D_RTR2 CCGCTCTCCTCCTCTTGTAG
TaRKD1-7D/AetRKD1-7D_RTF4 AAGCCTCGATCACATAGGGT
AetRKD1-7D_RTR4 AGCAATGGTCGAGCAAGTTG
Hygromycin-Fwd GAGCCTGACCTATTGCATCTCC
Hygromycin-Rev GGCCTCCAGAAGAAGATGTTGG
BAR PB FWD caggaaccgcaggagtggac
BAR PB REV ggtgggtgtagagcgtggag
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ATCACAAAGGCAGCGCGCGAGATGAATGTGGGGCTTACAGTCTTGAAGAAGAG
GTGCAGAGAACTGGGCGTTGCGCGGTGGCCACACCGCAAAATGAAGAGCTTGA
AAAGCTTGATCCTTAATGAAATGGGGAGCAAGGGTATGTCTGCTGCCGCGATGA
GGCGCGAGCTGGAAGCCCTTGAAAACTGCTGCGCACTGATGGAGAGGAACCCC
GCGGTGGAACTTACAGAACGGACTAAGAAGTTGCGCCAGGCCTGCTTCAAGGA
AAATTATAAGCGCAGGCGCGCGGCTGCTGTCGACGTGCTGGATCTCGACCACTG
CTTTTCTTTCGCGGCTGGTCACTGCCACAGACACCACCACCAACAGCTTGCGCTG
CCCCCACCACCTGCGGCGGCTGCTGATCACCGTCGTCGCGATTTTTTCGGCTACg
actagtacccagctttcttgtacaaagtggtgg 

>synTaRKD1-7D 

ggacaagtttgtacaaaaaagcaggctATGGAGATGCAACAACAATACTTCGGGGGGGACGGC
GATGCGGACTGGTTCCATCAACTCGCATTGCTTCCCCCACTTCCAATCTCATCGT
CTCTCCCCCCACTCCCGATGTCAGAGGGCTCATGTCTCCCTATGGCAGCAGCAG
CTGCAGCTGCACTCCCCCTTGGCGATTGCTCGAGCGCCCTCATGATACGCCCTGA
GGAACAGATGTCTTGCCTTCCAATGAACCCCTCTCCAGCGGTCGTCGACGATGT
CTACTCTTCCTACGCACCGAACAATGTCGACGTGTTGCCGCCATTCCCGGCAGG
ACTTGACGACGCTCTGTTGATGGAGTCTTTTTCTGACATCGACCTCGAGGAGTTT
GCTGACGCATTTGGCCACAAGATCAAGACAGAACCCCTCGACGATGCCATGGTC
CCCGCGGACCACGACTTCGCGGCTCAAGCCCAACAGGCCTGCCCTGTGGTCATC
ATGAATCAGCAACAACTCAACGCACCCAGAGACGTGCGCCTGCTCATTGACCCG
GATGATGATGACAGCACCGTGGTGGCCGGGGGCTATGAAGCTGCAGCGGTGGG
GTGCGCCGAGCAGAAACAGGTCAGGCCAGCACCACGTAGGGTGAGAAAGAGCT
CAGGCGGCGCAAGACCAGCCGCGGGAGGAAAGTCCCTCGATCACATCGGATTC
GAGGAACTCAGGACCTATTTCTATATGCCAATCACCAAGGCAGCGAGGGAAAT
GAACGTGGGGCTGACAGTCCTGAAGAAGAGATGCCGGGAACTGGGGGTGGCGC
GCTGGCCACACAGAAAGATGAAGTCTCTGAGAAGCCTGATCCTCAACATTCAGG
AGATGGGGAAGGGCGCAACATCTCCCGCAGCCGTGCAGGGGGAACTTGAAGCG
CTTGAGAGGTATTGCGCCATTATGGAGGAGAACCCGGCTATAGAGCTCACCGAG
CAAACGAAGAAGCTCAGGCAGGCTTGTTTCAAAGAGAATTATAAGCGGCGTAG
AGCCGCCGCTTCTGTTAATCTTCTCGATCACTGCTATAACGATCTGGCATCTCAT
GAGCAGCAAATGCCTCTCCCACAAATGGGATTCTTTGGATTTTaGacccagctttcttgtac
aaagtggtcc 

 

2.7.2. Pre-processing statistics 

All re-analysed dataset statistics can be found–- https://github.com/meehanca. 

Below is a list of all the analysed dataset generated for this project. 
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Pseq of TaR
KD
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A
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Pseq
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A
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 chrom
atin

197775679
181219122

91.6
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Table 2.2. Pre-processing statistics for next generation sequencing analysis 
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Supplemental Information – Chapter 3 

 

Supplemental figure 3.1. Confirmation of TaRKD1 triad verified through protein 
sequence phylogeny. Gene tree of alignment of amino acid sequences from the TaRKD genes 
using Clustal Omega. All sequences were taken from loci in Supplemental table 3.1. Values 
on the right indicate evolutionary distance to nearest branch node. 
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Supplementary figure 3.2. TaRKD1 homeologue triad shows high expression in dividing 
microspore tissue. DESeq2 normalised counts of the TaRKD1 family genes TaRKD1-7A 
(TraesCS7A02G135900), TaRKD1-7B and TaRKD1-7D (Supplementary table 3.1.). Colour 
fill denotes homeologue as described in the legend on the right. Each group of three barplots 
represents a different sample from the RNAseq experiment. 

 

 

 

 

 

0

100

200

300

400

Treated 1 Treated 2 Treated 3
Sample

C
ou

nt

factor(Gene)
TaRKD1_7A

TaRKD1_7B

TaRKD1_7D



 201 

Supplementary Table 3.1. List of TaRKD genes in IWGSC RefSeq v1.1. Assembly 

RefSeq v1.1 gene locus ID RKD clade Genomic co-ordinates 

TraesCS7A02G135900  TaRKD1-7A 88824822-88827991 

NA TaRKD1-7B 35709553-35711044 

NA TaRKD1-7D 87251488-87252946 

TraesCS7A02G188500  TaRKD3-7A 144,609,188-144,611,233 

TraesCS7B02G093300.3  TaRKD3-7B 106945174-106949546 

TraesCS7D02G189600  TaRKD3-7D 142,617,139-142,619,184 

TraesCS6A02G307500  TaRKD4-6A 541595645-541596814 

TraesCS6B02G336100  TaRKD4-6B 591264113-591265265 

TraesCS6D02G286800  TaRKD4-6D 395390576-395391730 

TraesCS2A02G404500  TaRKD6a-2A 659903623-659906083 

TraesCS2B02G422400  TaRKD6a-2B 607548491-607552287 

TraesCS2D02G401400.2  TaRKD6a-2D 516356306-516358927 

TraesCS2A02G404400  TaRKD6b-2A 659890344-659895450 

TraesCS2B02G422300  TaRKD6b-2B 607535903-607541394 

TraesCS2D02G401300  TaRKD6b-2D 516326169-516331225 

TraesCS3A02G167700  TaRKD9-3A 174283498-174288783 

TraesCS3B02G198700  TaRKD9-3B 226085095-226090862 

TraesCS3D02G173800  TaRKD9-3D 155555673-155560729 

TraesCS7A02G188400  TaRKD10-7A 144606378-144607441 

TraesCS7D02G189500  TaRKD10-7D 142612636-142613723 

TraesCS7A02G497400 TaRKD11-7A 688153529-688155092 

 

 

 

 

 



 202 

Supplementary table 3.2. List of AetRKD genes in INSDC Aet v4.0. Assembly 

 

 

 

 

 

 

 

 

 

 

 

Supplementary table 3.3. List of TdRKD genes in INSDC WEWSeq v1.0. Assembly 

RefSeq v1.1 gene locus ID RKD clade Genomic co-ordinates 

NA  TdRKD1-7A 86268325-86269661 

NA TdRKD1-7B 39204367-39204657 

TRIDC7AG023400 TdRKD3-7A 142205949-142211000 

TRIDC7BG013860 TdRKD3-7B  111017208-111021569 

NA TdRKD4-6A 541589639-541591143 

NA TdRKD4-6B 575554679-575555831 

TRIDC2AG058460 TdRKD6a-2A 653,821,196-653,825,771 

TRIDC2BG061420 TdRKD6a-2B 605,083,244-605,086,077 

TRIDC2BG061400 TdRKD6b-2B 605,069,667-605,074,982 

TRIDC3AG022940 TdRKD9-3A 659903623-659906083 

TRIDC3BG027100 TdRKD9-3B 213,627,747-213,638,915 

TRIDC7AG023400 TdRKD10-7A 142,205,949-142,211,000 

TRIDC7BG013860 TdRKD10-7B 111,017,208-111,021,569 

 

RefSeq v1.1 gene locus 
ID 

RKD family and 
chromosome 

Genomic co-ordinates 

NA  AetRKD1-7D 88093618-88095096 

AET7Gv20481900 AetRKD3-7D 144212500-144221715 

AET6Gv20761000 AetRKD4-6D 395390576-395391730 

AET2Gv20898300 AtRKD6a-2D 516356035-516359296 

AET2Gv20898100 AtRKD6b-2D 516326100-516331430 

AET3Gv20387300 AtRKD9-3D 158447705-158453266 

AET7Gv20481900 AetRKD10-7D (AetRKD3-
7D) 

144212500-144221715 
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Supplementary figure 3.3. Heatmap of AetRKD expression from publicly available 
transcriptome data across tissues. Heatmap of re-analysed publicly available developmental 
timecourse transcriptome samples shows two distinct expression profiles of AetRKD genes 
from Supplementary table 3.2: a global vegetative expression profile (bottom) and a restricted 
embryonic expression profile (top). Scale displayed is logarithmically transformed transcript 
per million values from Kallisto quant.  Hierarchical clustering was performed on TaRKD 
genes and is displayed as a dendrogram on the side of the heatmap. 
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Supplementary figure 3.4. Heatmap of TdRKD expression from publicly available 
transcriptome data across tissues. Heatmap of re-analysed publicly available developmental 
timecourse transcriptome samples shows two distinct expression profiles of TdRKD genes 
from Supplementary table 3.3: a global vegetative expression profile (bottom) and a restricted 
embryonic expression profile (top). Scale displayed is logarithmically transformed transcript 
per million values from Kallisto quant.  Hierarchical clustering was performed on TaRKD 
genes and is displayed as a dendrogram on the side of the heatmap. 
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Supplementary figure 3.5. Polyembryonic structures in indTaRKD1-7D #2.28. Immature 
embryos were phenotyped under a light microspore for aberrant embryo development in 
indTaRKD1-7D #2.28, a line which exhibited high immature embryo expression of TaRKD1-
7D in figure 3.4. (A) Diagram detailing where the embryo and scutellum are in an immature 
wheat embryo excised from the caryopsis 12-18 days after anthesis (Gils et al., 2012). (B) 
Polyembryonic wheat formed from 2% (4/200) of phenotyped embryos in indTaRKD1-7D 
#2.28. 
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Supplementary Figure 3.6. Increased rachis length in high tiller number indTaRKD1-7D 
T3 lines. Fully dried spikes from indTaRKD1-7D T3 lines that showed high and low tiller 
number had their grain removed and the rachis was scanned, and length was measured in 
imageJ. Sample number of each transgenic line is described in the (n=x) brackets below the 
label. The mean value is given by μ in the centre of each boxplot and sample points are 
highlighted in their condition’s respective colour. Details of tests used for statistical analysis 
is on the bottom right of the plot. Significant difference between conditions is indicated by the 
horizontal brackets above the samples and values corresponding to these significant 
differences are indicated on top of the bracket. Additional statistics can be found on the top 
left of the plot. 
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Supplementary Figure 3.7. Increased rachis node number in high tiller number 
indTaRKD1-7D T3 lines. Fully dried spikes from indTaRKD1-7D T3 lines that showed high 
and low tiller number had their grain removed and the rachis was scanned, and node number 
was measured in imageJ. Sample number of each transgenic line is described in the (n=x) 
brackets below the label. The mean value is given by μ in the centre of each boxplot and 
sample points are highlighted in their condition’s respective colour. Details of tests used for 
statistical analysis is on the bottom right of the plot. Significant difference between conditions 
is indicated by the horizontal brackets above the samples and values corresponding to these 
significant differences are indicated on top of the bracket. Additional statistics can be found 
on the top left of the plot. 
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Supplementary Figure 3.8. Increased rachis elongation in indTaRKD1-7D T3 lines. Fully 
dried spikes from indTaRKD1-7D T3 lines that showed high and low tiller number had their 
grain removed and the rachis was scanned, elongation was measured by dividing the rachis 
length by the rachis node number (Supplementary figures 3.14 and 3.15). Sample number of 
each transgenic line is described in the (n=x) brackets below the label. The mean value is given 
by μ in the centre of each boxplot and sample points are highlighted in their condition’s 
respective colour. Details of tests used for statistical analysis is on the bottom right of the plot. 
Significant difference between conditions is indicated by the horizontal brackets above the 
samples and values corresponding to these significant differences are indicated on top of the 
bracket. Additional statistics can be found on the top left of the plot. 
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Supplementary figure 3.9. Increased unproductive tiller number of two indTaRKD1-7D 
T3 lines. Unproductive tiller number from plants measured from counting the number of 
vegetative and reproductive tillers and subtracting the number of fully developed reproductive 
tillers at senescence. Sample number of each transgenic line is described in the (n=x) brackets 
below the label. The mean value is given by μ in the centre of each boxplot and sample points 
are highlighted in their condition’s respective colour. Details of tests used for statistical 
analysis is on the bottom right of the plot. Significant difference between conditions is 
indicated by the horizontal brackets above the samples and values corresponding to these 
significant differences are indicated on top of the bracket. Additional statistics can be found 
on the top left of the plot. 
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Supplementary figure 3.10. Delayed flowering time of two indTaRKD1-7D T3 lines. Days 
to maturity was measured when half of the spikes of the plant had senesced. The label of each 
transgenic line is described in the (n=x) brackets below the label. The mean value is given by 
μ in the centre of each boxplot and sample points are highlighted in their condition’s respective 
colour. Details of tests used for statistical analysis is on the bottom right of the plot. Significant 
difference between conditions is indicated by the horizontal brackets above the samples and 
values corresponding to these significant differences are indicated on top of the bracket. 
Additional statistics can be found on the top left of the plot. 
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Supplementary figure 3.11. No difference in flag leaf area of two indTaRKD1-7D T3 lines. 
Flag leaves were taken once plants had begun senescence and were chosen at random. Flag 
leaves were scanned and measured in ImageJ. The label of each transgenic line is described in 
the (n=x) brackets below the label. The mean value is given by μ in the centre of each boxplot 
and sample points are highlighted in their condition’s respective colour. Details of tests used 
for statistical analysis is on the bottom right of the plot. Additional statistics can be found on 
the top left of the plot. 
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Supplementary figure 3.12. Increased seed weight per 1000 of two indTaRKD1-7D T3 
lines. The seed weight of 1000 seeds were measured after threshing fully dried spikes, where 
1000 seed was not available this value was extrapolated. The label of each transgenic line is 
described in the (n=x) brackets below the label. The mean value is given by μ in the centre of 
each boxplot and sample points are highlighted in their condition’s respective colour. Details 
of tests used for statistical analysis is on the bottom right of the plot. Significant difference 
between conditions is indicated by the horizontal brackets above the samples and values 
corresponding to these significant differences are indicated on top of the bracket. Additional 
statistics can be found on the top left of the plot. 
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Supplementary Figure 3.13. Increased reproductive tiller number of two indTaRKD1-7D 
T3 lines in lower soil volume. Reproductive tiller number from plants measured from 
counting the number of fully developed spikes at senescence. Sample number of each 
transgenic line is described in the (n=x) brackets below the label. The mean value is given by 
μ in the centre of each boxplot and sample points are highlighted in their condition’s respective 
colour. Details of tests used for statistical analysis is on the bottom right of the plot. Significant 
difference between conditions is indicated by the horizontal brackets above the samples and 
values corresponding to these significant differences are indicated on top of the bracket. 
Additional statistics can be found on the top left of the plot. 
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Supplementary figure 3.14. Increased tiller number independent of soil volume of two 
indTaRKD1-7D T3 lines. Vegetative tiller number was counted once every 10 days of plants 
grown in a restrictive 50ml soil volume condition. Line plots of all samples are plotted and 
coloured according to their genotype as indicated on the legend on the right. A mean line of 
regression is plotted in bold and coloured according to genotype. 
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Supplementary Table 3.4. Fold changes in phenotypic traits with mechanical stress 
treatment in tiller traits tirals compared to WT.  

 

Supplementary Table 3.5. P values in phenotypic traits with mechanical stress treatment 
in tiller traits tirals compared to WT. 

 

Supplementary Figure 3.15. No change in reproductive tiller number of two indTaRKD1-
7D T3 lines or wild type with mechanical stress treatment. Reproductive tiller number from 
plants measured from counting the number of fully developed spikes at senescence. 
Mechanical stress treatment is indicated by ‘Yes’ or ‘No’ on label below boxplots. Sample 
number of each transgenic line is described in the (n=x) brackets below the label. The mean 
value is given by μ in the centre of each boxplot and sample points are highlighted in their 
condition’s respective colour. Details of tests used for statistical analysis is on the bottom right 
of the plot. Additional statistics can be found on the top left of the plot. 
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Supplementary Figure 3.16. No change in height of two indTaRKD1-7D T3 lines or wild 
type with mechanical stress treatment. Height measured from the base of the plant to the 
tallest spike at senescence. Sample number of each transgenic line is described in the (n=x) 
brackets below the label. Mechanical stress treatment is indicated by ‘Yes’ or ‘No’ on label 
below boxplots. The mean value is given by μ in the centre of each boxplot and sample points 
are highlighted in their condition’s respective colour. Details of tests used for statistical 
analysis is on the bottom right of the plot. Additional statistics can be found on the top left of 
the plot. 
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Supplementary figure 3.17. Increased reproductive tiller number of two indTaRKD1-7D 
T3 lines at border positions of the trial. Reproductive tiller number from plants measured 
from counting the number of fully developed spikes at senescence. Border position is given 
by the ‘Yes’ or ‘No’ label below the boxplots. Sample number of each transgenic line is 
described in the (n=x) brackets below the label. The mean value is given by μ in the centre of 
each boxplot and sample points are highlighted in their condition’s respective colour. Details 
of tests used for statistical analysis is on the bottom right of the plot. Significant difference 
between conditions is indicated by the p value in the top left of the plot. Additional statistics 
can be found on the top left of the plot. 
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Supplementary Figure 3.19. Higher axillary meristem formation in two indTaRKD1-7D 
T3 lines timecourse boxplots. Trial was performed independently by Dr. Yang-Seok Lee to 
confirm tiller formation phenotype. All instances labelled ‘TaRKD2’ are indTaRKD1-7D. 
Asterix above boxplots indicate statistically significant differences between that genotype at 
that timepoint when compared to wild type. Dashed lines denote different timepoints. 
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Supplementary Table 3.6. Fold changes in phenotypic traits in tiller traits trial compared 

to WT. 

 

Supplementary Table 3.7. P values in phenotypic traits in tiller traits trial compared to 

WT. 

 

 

 

 

 

 

 

 

 

Traits Soil volume 1.4 5D FC 1.4 11A FC 2.28 2B FC 2.28 5B FC
Reproductive tiller number 1000ml 1.526032316 1.535008977 1.086175943 1.181328546
Height (cm) 1000ml 1.206465936 1.198140697 0.811988345 1.040377411
Days to maturity 1000ml 1.111532728 1.103270457 1.128782738 1.117790745
Flag leaf area (cm^2) 1000ml 0.894858731 0.953219083 1.000463177 0.956461325
Unproductive tiller number 1000ml 7 10.75 2 1.375
Spike length (cm) 1000ml 1.185393258 1.213483146 1.146067416 1.22752809
Seed number per plant 1000ml 1.883789474 2.00477193 1.232070175 1.543859649
Seed weight per 1000 (g) 1000ml 1.369261477 1.288755822 1.133067199 1.255489022
Seed weight per plant (g) 1000ml 2.512471655 2.471655329 1.358276644 1.845804989
Reproductive tiller number 250ml 1.48787062 1.431266846 1.051212938 1.194070081
Height (cm) 250ml 1.128081458 1.117765273 0.812299035 0.956457663
Days to maturity 250ml 1.107719204 1.110812265 1.125336202 1.095615923

Traits Soil volume 1.4 5D p.val 1.4 11A p.val 2.28 2B p.val 2.28 5B p.val
Reproductive tiller number 1000ml 3.10E-12 3.93E-11 n.s. 0.037
Height (cm) 1000ml 3.40E-13 3.40E-13 n.s. n.s.
Days to maturity 1000ml 1.18E-09 1.35E-12 7.22E-10 8.85E-13
Flag leaf area (cm^2) 1000ml n.s. n.s. n.s. n.s.
Unproductive tiller number 1000ml 0.000102 0.000102 n.s. n.s.
Spike length (cm) 1000ml 1.18E-09 1.00E-15 1.00E-15 1.00E-15
Seed number per plant 1000ml 3.24E-13 1.49E-09 n.s. 1.49E-07
Seed weight per 1000 (g) 1000ml 9.70E-08 3.22E-05 n.s. 0.000282
Seed weight per plant (g) 1000ml 8.94E-14 0.00E+00 n.s. 3.45E-10
Reproductive tiller number 250ml 7.52E-08 2.28E-06 n.s. 0.009
Height (cm) 250ml 4.38E-07 6.41E-08 1.54E-07 n.s.
Days to maturity 250ml 1.65E-13 1.65E-13 1.65E-13 5.39E-13



 221 

 

 

 

Supplementary Figure 3.20. Delayed anthesis time of two indTaRKD1-7D T3 lines. Ratio 
of plant spikes that had undergone anthesis was measured every 10 days and plotted. Colour 
denotes genotype as described in the figure on the right. Statistically significant difference as 
measured by a non-parametric tukey test between genotypes at time points is shown in 
Supplementary table 3.4. 
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Supplementary Table 3.8. Statistical significance test of anthesis time between genotypes 
from spike traits trial. 

 

 

 

 

 

 

 

 

 

 

 

Samples Days after sowing Statistical difference
1.4 60 Significant
1.4 70 Significant
1.4 80 Significant
1.4 90 Non signficant
1.4 100 Non signficant
2.28 60 Significant
2.28 70 Significant
2.28 80 Significant
2.28 90 Significant
2.28 100 Non signficant
Null segregant 60 Significant
Null segregant 70 Significant
Null segregant 80 Non signficant
Null segregant 90 Non signficant
Null segregant 100 Non signficant
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Supplementary figure 3.21. Increased spike area (cm2) in two indTaRKD1-7D T3 lines. 
Ear area of fully dried spikes calculated by WERecognizer. Sample number of each transgenic 
line is described in the (n=x) brackets below the label. The mean value is given by μ in the 
centre of each boxplot and sample points are highlighted in their condition’s respective colour. 
Details of tests used for statistical analysis is on the bottom right of the plot. Significant 
difference between conditions is indicated by the horizontal brackets above the samples and 
values corresponding to these significant differences are indicated on top of the bracket. 
Additional statistics can be found on the top left of the plot. 
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Supplementary Figure 3.22. Increased spike length of two indTaRKD1-7D T3 lines. Spike 
length of fully dried spikes was calculated by WERecognizer. Sample number of each 
transgenic line is described in the (n=x) brackets below the label. The mean value is given by 
μ in the centre of each boxplot and sample points are highlighted in their condition’s respective 
colour. Details of tests used for statistical analysis is on the bottom right of the plot. Significant 
difference between conditions is indicated by the horizontal brackets above the samples and 
values corresponding to these significant differences are indicated on top of the bracket. 
Additional statistics can be found on the top left of the plot. 
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Supplemental figure 3.23. CT scan averaging to reduce background noise. Averaged 
images of computerized tomography (CT) scans of wheat spikes segmented for grain 
volumetric analysis. (A) Segmented CT scan image of Wild type wheat spike. (B) Average of 
4 segmented CT scan images of Wild type wheat spike to reduce background noise. 
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Supplementary 3.9. Fold changes in phenotypic spike traits trial compared to WT. 

 

Supplementary 3.10. P values in phenotypic spike traits trial compared to WT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Traits 1.4 p.val 2.28 p.val Null segregant p.val
Spikelet number per spike 0.003 2.26E-07 n.s.
Rachis elongation n.s. n.s. n.s.
Spike length 0.002 1.00E-15 n.s.
Ear area (cm^2) 1.36E-06 8.07E-13 n.s.
Awns area (cm^2) n.s. 0.001 n.s.
Roundness 0.004 2.31E-12 n.s.
Rugosity n.s. n.s. n.s.
Soiidity n.s. n.s. n.s.
Circularity index n.s. n.s. n.s.
Perimeter 0.01 7.51E-10 n.s.

Traits 1.4 FC 2.28 FC Null segregant FC
Spikelet number per spike 1.15359741 1.22635408 0.997574778
Rachis elongation 0.97735849 0.99622642 1.003773585
Spike length 1.08018868 1.18661557 0.987175708
Ear area (cm^2) 1.15947533 1.23397906 1.009510436
Awns area (cm^2) 1.11450094 1.8173258 1.013559322
Roundness 0.9375 0.875 1
Rugosity 0.98675497 0.97350993 0.960264901
Soiidity 1.01315789 1 1.013157895
Circularity index 1 0.93333333 1.066666667
Perimeter 1.06372421 1.14498999 0.967833203
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Supplementary Figure 3.24. Nitrogen response trial shows increase in reproductive tiller 
number of indTaRKD1-7D #1.4 independent of nitrogen availability. Reproductive tiller 
number from plants was measured from counting the number of fully developed spikes at 
senescence. 0g, 3g and 6g represent the amount of Osmocote added to M2 soil. The mean 
value is given by μ in the centre of each boxplot and sample points are highlighted in their 
condition’s respective colour. Additional statistics can be found on the top left of the plot. 
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Supplementary Figure 3.25. Nitrogen response trial shows increase in reproductive tiller 
number of indTaRKD1-7D #2.28 partially dependent on nitrogen availability. 
Reproductive tiller number from plants was measured from counting the number of fully 
developed spikes at senescence. 0g, 3g and 6g represent the amount of  Osmocote added to 
M2 soil. The mean value is given by μ in the centre of each boxplot and sample points are 
highlighted in their condition’s respective colour. Significant difference between conditions is 
indicated by the horizontal brackets above the samples and values corresponding to these 
significant differences are indicated on top of the bracket. Additional statistics can be found 
on the top left of the plot. 
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Supplementary Figure 3.26. Nitrogen response trial shows increase in reproductive tiller 
number of Wild Type dependent on nitrogen availability. Reproductive tiller number from 
plants was measured from counting the number of fully developed spikes at senescence. 0g, 
3g and 6g represent the amount of  Osmocote added to M2 soil. The mean value is given by μ 
in the centre of each boxplot and sample points are highlighted in their condition’s respective 
colour. Significant difference between conditions is indicated by the horizontal brackets above 
the samples and values corresponding to these significant differences are indicated on top of 
the bracket. Additional statistics can be found on the top left of the plot. 
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Supplementary Figure 3.27. Nitrogen response trial shows no increase in nitrogen use 
efficiency for ear area in indTaRKD1-7D #1.4. Ear area of fully dried spikes calculated by 
WERecognizer. 0g, 3g and 6g represent the amount of  Osmocote added to M2 soil. The mean 
value is given by μ in the centre of each boxplot and sample points are highlighted in their 
condition’s respective colour. Significant difference between conditions is indicated by the 
horizontal brackets above the samples and values corresponding to these significant 
differences are indicated on top of the bracket. Additional statistics can be found on the top 
left of the plot. 
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Supplementary Figure 3.28. Nitrogen response trial shows no increase in nitrogen use 
efficiency for ear area in indTaRKD1-7D #2.28. Ear area of fully dried spikes calculated by 
WERecognizer. 0g, 3g and 6g represent the amount of  Osmocote added to M2 soil. The mean 
value is given by μ in the centre of each boxplot and sample points are highlighted in their 
condition’s respective colour. Significant difference between conditions is indicated by the 
horizontal brackets above the samples and values corresponding to these significant 
differences are indicated on top of the bracket. Additional statistics can be found on the top 
left of the plot. 
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Supplementary Figure 3.29. Nitrogen response trial shows no increase in nitrogen use 
efficiency for ear area in Wild type. Ear area of fully dried spikes calculated by 
WERecognizer. 0g, 3g and 6g represent the amount of  Osmocote added to M2 soil. The the 
mean value is given by μ in the centre of each boxplot and sample points are highlighted in 
their condition’s respective colour. Significant difference between conditions is indicated by 
the horizontal brackets above the samples and values corresponding to these significant 
differences are indicated on top of the bracket. Additional statistics can be found on the top 
left of the plot. 
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Supplementary Table 3.11. Fold changes in phenotypic traits in nitrogen response trial 
compared to WT. 

 

 

 

Supplementary Table 3.12. P values in phenotypic traits in nitrogen response trial 
compared to WT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Traits 1.4 3g FC 1.4 6g FC 2.28 3g FC 2.28 6g FC WT 3g FC WT 6g FC
Reproductive tiller number 1.08333333 1.15441176 1.21794872 1.41025641 1.35211268 1.47887324
Ear area (cm^2) 1.33894974 1.31880438 1.27749195 1.26500607 1.23640703 1.24838217

Traits 1.4 3g p.val 1.4 6g p.val 2.28 3g p.val 2.28 6g p.val WT 3g p.val WT 6g p.val
Reproductive tiller number n.s. n.s. n.s. 0.023 0.046 0.035
Ear area (cm^2) 1.42E-07 1.42E-07 7.15E-06 1.27E-05 3.70E-02 3.70E-02

D E F 

A B 
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Supplementary Figure 3.30. No increase in vegetative tiller number in inducer treated 
indTaRKD1-7D #1.4 in hydroponics trial. Vegetative tiller number was measured 50 days 
after sowing. Sample number of each transgenic line is described in the (n=x) brackets below 
the label. The mean value is given by μ in the centre of each boxplot and sample points are 
highlighted in their condition’s respective colour. Details of tests used for statistical analysis 
is on the bottom right of the plot. Significant difference between conditions is indicated by the 
horizontal brackets above the samples and values corresponding to these significant 
differences are indicated on top of the bracket. Additional statistics can be found on the top 
left of the plot. 
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Supplementary Figure 3.31. No increase in total plant biomass in Estradiol treated 
indTaRKD1-7D #1.4 in hydroponics trial. TE = transgenic estradiol, TM = transgenic mock, 
NE = non-transgenic estradiol, NM = non-transgenic mock. Total plant biomass was measured 
50 days after sowing after cleaning any vermiculite or perlite from the roots. Sample number 
of each transgenic line is described in the (n=x) brackets below the label. The the mean value 
is given by μ in the centre of each boxplot and sample points are highlighted in their 
condition’s respective colour. Details of tests used for statistical analysis is on the bottom right 
of the plot. Significant difference between conditions is indicated by the horizontal brackets 
above the samples and values corresponding to these significant differences are indicated on 
top of the bracket. Additional statistics can be found on the top left of the plot. 
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Supplementary Table 3.13. Fold changes in phenotypic traits in hydroponics traits tirals 
compared to mock solution.  

 

 

Supplementary Table 3.14. P values in phenotypic traits in hydroponics traits tirals 
compared to mock solution.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Traits TE vs TM (indTaRKD1-7D #1.4) NE vs NM (WT)
Vegetative tiller number 0.81032413 1.047984645
Biomass (g) 0.781042654 0.889705882

Traits TE vs TM (indTaRKD1-7D #1.4) NE vs NM (WT)
Vegetative tiller number n.s. n.s.
Biomass (g) n.s. n.s.
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Supplementary Information – Chapter 4 

 

 
Supplementary figure 4.1. TaRKD1-7D expression in the indTaRKD1-7D #1.4 leaf 
RNAseq experiment shows high expression amongst transgenic samples. TE = Transgenic 
�stradiol leaf, TM = Transgenic mock leaf, and WE = non-transgenic �stradiol leaf. Bar 
colour denotes sample condition as described in the legend on the right.  
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Supplemental figure 4.2. Volcano plot of the indTaRKD1-7D #1.4 leaf TE vs NE DEGs 
shows greater upregulation. TE = Transgenic �stradiol leaf and NE = non-transgenic 
�stradiol leaf. 56% DEGs upregulated and 44% DEGs downregulated. Genes included in the 
TE vs WE pairwise comparison are plotted across their log2 fold change and -log10 p values. 
DEGs are labelled depending on spatial distribution. Red points represent genes that show 
sufficient log2 fold change p value to be annotated. Blue points represent genes that show 
sufficient p value but not log2 fold change to be annotated. Green points represent genes that 
show sufficient log2 fold change but not p value to be annotated. Grey points represent genes 
that show neither sufficient log2 fold change or p value to be annotated.  
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Supplemental figure 4.3. Volcano plot of the indTaRKD1-7D #1.4 leaf TM vs NE DEGs 
and shows greater downregulation. TM = Transgenic mock leaf and NE = non-transgenic 
�stradiol leaf. 53% DEGs upregulated, 47% DEGs downregulated. Genes included in the 
TM vs WE pairwise comparison are plotted across their log2 fold change and -log10 p values. 
DEGs are labelled depending on spatial distribution. Red points represent genes that show 
sufficient log2 fold change p value to be annotated. Blue points represent genes that show 
sufficient p value but not log2 fold change to be annotated. Green points represent genes that 
show sufficient log2 fold change but not p value to be annotated. Grey points represent genes 
that show neither sufficient log2 fold change or p value to be annotated. 
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Supplementary figure 4.4. TaRKD1-7D expression in the indTaRKD1-7D #2.28 
immature embryo RNAseq experiment shows high expression amongst transgenic 
samples. IE_TE = Immature embryo transgenic �stradiol, IE_TM = Immature embryo 
transgenic mock, and IE_WE = Immature embryo wild type �stradiol. Bar colour denotes 
sample condition as described in the legend on the right.  
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Supplemental figure 4.5. Volcano plot of the indTaRKD1-7D #2.28 immature embryo 
IE_TE vs IE_WE DEGs shows greater upregulation. IE_TE = Immature embryo 
transgenic �stradiol and IE_WE = Immature embryo wild type �stradiol. 75% DEGs 
upregulated, 25% DEGs downregulated. Genes included in the IE_TE vs IE_WE pairwise 
comparison are plotted across their log2 fold change and -log10 p values. DEGs are labelled 
depending on spatial distribution. Red points represent genes that show sufficient log2 fold 
change p value to be annotated. Blue points represent genes that show sufficient p value but 
not log2 fold change to be annotated. Green points represent genes that show sufficient log2 
fold change but not p value to be annotated. Grey points represent genes that show neither 
sufficient log2 fold change or p value to be annotated.  
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Supplemental figure 4.6. Volcano plot of the indTaRKD1-7D #2.28 immature embryo 
IE_TM vs IE_WE DEGs shows greater downregulation. IE_TM = Immature embryo 
transgenic mock and IE_WE = Immature embryo wild type �stradiol. 61% DEGs upregulated 
and 39% DEGs downregulated. Genes included in the IE_TM vs IE_WE pairwise comparison 
are plotted across their log2 fold change and -log10 p values. DEGs are labelled depending on 
spatial distribution. Red points represent genes that show sufficient log2 fold change p value 
to be annotated. Blue points represent genes that show sufficient p value but not log2 fold 
change to be annotated. Green points represent genes that show sufficient log2 fold change but 
not p value to be annotated. Grey points represent genes that show neither sufficient log2 fold 
change or p value to be annotated.  
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Supplemental figure 4.7. Significant up and downregulation of TF families in 
indTaRKD1-7D #2.28 immature embryos. Barplots show significantly upregulated (red) or 
downregulated (blue) transcription factor (TF) families in indTaRKD1-7D #2.28 immature 
embryos by taking the -log10 of the q value (adjusted p value) for differential regulation of a 
TF. Upregulation values are positive and downregulation values are negative. 
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Supplemental figure 4.8. MACS2 ChIPseq peaks are distributed evenly across all 21 
wheat chromosomes but with a high amount called in the unassembled region.  
The number of MACS2 peaks in a sliding window are shown by lines where the left y-axis 
shows the number of peaks called at each locus. Chromosome name is denoted on the right 
y-axis. 
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Supplemental figure 4.9. MACS2 DAPseq peaks are distributed evenly across all 21 
wheat chromosomes. The number of MACS2 peaks in a sliding window are shown by lines 
where the left y-axis shows the number of peaks called at each locus. Chromosome name is 
denoted on the right y-axis. 
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Supplemental figure 4.10. Venn diagrams of indTaRKD1-7D DAPseq and immature 
embryo RNAseq shared DEGs identifies expression validated targets of TaRKD1-7D. 
Venn diagram overlap of genes with a MACS2 DAPseq peak called within 10kb of the TSS 
and upregulated or downregulated immature embryo indTaRKD1-7D #2.28 shared DEGs. 
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Supplemental table 4.1. indTaRKD1-7D #2.28 immature embryo shared DEGs with a 
DAPseq peak 10kb within TSS relevant to cell cycle and meristems. 

Gene ID Putative function Biological process
TraesCS3A02G188400 Arognaute protein RISC complex
TraesCSU02G081900 Arognaute protein RISC complex
TraesCS3B02G181500 AUX/IAA response gene Auxin signalling
TraesCS2B02G168900 B3 transcription factor Panicle number
TraesCS3D02G080400 Cell division cycle associated 7 Cell division cyle
TraesCS3D02G326600 Cyclin Cell division cyle
TraesCS4D02G199700 Elongator Acetyltransferase Complex Subunit 6Transcription 
TraesCS2B02G232500 F box domain Ubiquitination for degradation
TraesCS4D02G097000 F box domain Ubiquitination for degradation
TraesCS6D02G018600 F box domain Ubiquitination for degradation
TraesCSU02G027800 F box domain Ubiquitination for degradation
TraesCSU02G081900 F box domain Ubiquitination for degradation
TraesCS2A02G076800 F box domain Ubiquitination for degradation
TraesCS3D02G220100 GRAS transcription factor Embryogenesis/grain size
TraesCS4D02G181700 Helicase DNA replication
TraesCS4D02G041400 Helicase DNA replication
TraesCS5A02G352100 High mobility box domain Transcription and DNA replication
TraesCS7A02G329300 High mobility box domain Transcription and DNA replication
TraesCS7D02G326200 High mobility box domain Transcription and DNA replication
TraesCS5B02G448400 Histone H1 DNA packaging
TraesCS5A02G443800 Histone H1 DNA packaging
TraesCS4D02G205000 Histone H2A DNA packaging
TraesCS6A02G062600 Histone H2A DNA packaging
TraesCS6B02G049000 Histone H2A DNA packaging
TraesCS6B02G049400 Histone H2A DNA packaging
TraesCS6D02G107000 Histone H2A DNA packaging
TraesCS7A02G438000 Histone H2A DNA packaging
TraesCS7A02G501100 Histone H2A DNA packaging
TraesCS7D02G427900 Histone H2A DNA packaging
TraesCS1B02G386200 Histone H2B DNA packaging
TraesCS3A02G357400 Histone H2B DNA packaging
TraesCS3D02G351300 Histone H2B DNA packaging
TraesCS3D02G351400 Histone H2B DNA packaging
TraesCS6B02G084900 Histone H2B DNA packaging
TraesCS6D02G040200 Histone H2B DNA packaging
TraesCS7B02G394100 Histone H2B DNA packaging
TraesCS7D02G428300 Histone H2B DNA packaging
TraesCSU02G077400 Histone H2B DNA packaging
TraesCS6A02G063400 Histone H3 DNA packaging
TraesCS7B02G016900 Histone H3 DNA packaging
TraesCS7D02G097600 Histone H3 DNA packaging
TraesCS4A02G067800 Histone H4 DNA packaging
TraesCS5B02G356200 Histone H4 DNA packaging
TraesCS5B02G348900 Histone H4 DNA packaging
TraesCS6A02G055400 Histone H4 DNA packaging
TraesCS6A02G062800 Histone H4 DNA packaging
TraesCS6B02G074000 Histone H4 DNA packaging
TraesCS6B02G078900 Histone H4 DNA packaging
TraesCS6D02G062100 Histone H4 DNA packaging
TraesCSU02G142200 Histone H4 DNA packaging
TraesCS3A02G434900 MADS box transcription factor Floral organ identity
TraesCS1D02G375700 Methyltransferase DNA/Histone methylation
TraesCS7D02G239400 Methyltransferase DNA/Histone methylation
TraesCS2A02G157700 Origin of replication complex 6 Transcription initiation
TraesCS5D02G130400 RNA polymerase A Transcription 
TraesCS4D02G355000 SKP1-like Ubiquitination for degradation
TraesCS4D02G157300 TCP chaperonin Plant architecture
TraesCS1A02G338200 Trehalose phosphotase Meristematic determinancy
TraesCS1D02G340400 Trehalose phosphotase Meristematic determinancy
TraesCS4D02G189800 Wound induced 1 like protein Cell division cyle
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Supplementary Information – Chapter 5  

 

Supplementary Table 5.1. Transgenic rice lines provided by NIAB Cambridge.  

Plant number Hyg PCR 
(+/-)

GOI PCR 
(+/-)

Plant 
number

Hyg PCR 
(+/-)

GOI PCR 
(+/-)

PR2A.1 + + PR1.1 + +
PR2A.2 + (+) PR1.2 + +
PR2A.3 + + PR1.3 + +
PR2A.4 + + PR1.4 + +
PR2A.5 + + PR1.5 + +
PR2A.7 + + PR1.6 + +
PR2A.8 + + PR1.8 + +
PR2A.9 + + PR1.13 + +

PR2A.10 + + PR1.14 + +
PR2A.11 + + PR1.15 + +
PR2A.12 + + PR1.16 + +
PR2A.13 + + PR1.17 + +
PR2A.14 + + PR1.18 + +
PR2A.15 + + PR1.19 + +
PR2A.16 + + PR1.20 + +
PR2A.19 + + PR1.22 + +
PR2A.20 + + PR1.24 + +
PR2A.21 + + PR1.25 + +
PR2A.22 + + PR1.26 + +
PR2A.23 + + PR1.27 + +

PR2A.con 1 - - PR1.29 + +
PR2A.con 2 - - PR1.30 + +

PR2B.1 + + PR1.31 + +
PR2B.2 + + PR1.33 + +
PR2B.4 + + PR1.34 + +
PR2B.5 + + PR1.38 + +
PR2B.6 + + PR1.39 + +
PR2B.8 + + PR1.40 + +
PR2B.9 + + PR1.con1 - -

PR2B.11 + + PR1.con2 - -
PR2B.12 + + PR1.con3 - -
PR2B.13 + + PR1.con4 - -
PR2B.14 + + PR1.con5 - -
PR2B.15 + +
PR2B.16 + +
PR2B.17 + +
PR2B.18 + +
PR2B.19 + +
PR2B.20 + +
PR2B.21 + +
PR2B.22 + +
PR2B.23 + +

PR2B.con 1 - -
PR2B.con 2 - -
PR2B.con 3 - -
PR2B.con 4 - -

pERV1-hyg-AtRKD4 (Nipponbare) pERV1-hyg-OsRKD3 (Nipponbare)
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Supplementary Table 5.2. Statistics for phenotypic traits in indAtRKD4 Nipponbare trial. 

 

 

 

 

Supplementary Figure 5.1. Increased days to maturity in an indOsRKD3 Cempo Ireng T2 
line. Days to senescence was measured from germination date to when half of the panicles 
had senesced. T3 lines were merged for more statistically robust tests. Sample number of each 
transgenic line is described in the (n=x) brackets below the label. The  mean value is given by 
μ in the centre of each boxplot and sample points are highlighted in their condition’s respective 
colour. Details of tests used for statistical analysis is on the bottom right of the plot. Significant 
difference between conditions is indicated by the p value in the top left of the plot. Additional 
statistics can be found on the top left of the plot. 

 

 

Traits indAtRKD #PR4.25 1 FC indAtRKD #PR4.25 1 p.val indAtRKD #PR4.25 2 FC indAtRKD #PR4.25 2 p.val
Vegetative tiller number 3 n.s. 3 n.s.
Height (cm) 1.088435374 n.s. 1.068027211 n.s.

 µmean = 56.18

 µmean = 107.73

60

80

100

WT
(n = 11)

OsRKD3
(n = 33)

Genotype

D
ay

s 
to

 m
at

ur
ity

Genotype
WT
OsRKD3

tWelch(32.34) = −50.65, p = 2.21e−32, gHedges = −13.05, CI95% [−15.84, −10.18], nobs = 44
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Supplementary Figure 5.2. Increased height in an indOsRKD3 Cempo Ireng T2 line. 
Height measured from the base of the plant to the tallest spike at senescence. T3 lines were 
merged for more statistically robust tests. Sample number of each transgenic line is described 
in the (n=x) brackets below the label. The mean value is given by μ in the centre of each 
boxplot and sample points are highlighted in their condition’s respective colour. Details of 
tests used for statistical analysis is on the bottom right of the plot. Significant difference 
between conditions is indicated by the p value in the top left of the plot. Additional statistics 
can be found on the top left of the plot. 
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Supplementary figure 5.3. Decreased seed weight per 1000 seeds in an indOsRKD3 
Cempo Ireng T2 line.  The seed weight of the 1000 seeds was measured after threshing fully 
dried panicles. T3 lines were merged for more statistically robust tests. Where 1000 seeds were 
not available, this value was extrapolated. The label of each transgenic line is described in the 
(n=x) brackets below the label. The  mean value is given by μ in the centre of each boxplot 
and sample points are highlighted in their condition’s respective colour. Details of tests used 
for statistical analysis is on the bottom right of the plot. Significant difference between 
conditions is indicated by the p value in the top left of the plot. Additional statistics can be 
found on the top left of the plot. 
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Supplementary figure 5.4. Increased seed number per panicle in an indOsRKD3 Cempo 
Ireng T2 line.  The seed number per panicle was measured after threshing fully dried panicles 
separately. T3 lines were merged for more statistically robust tests. The label of each 
transgenic line is described in the (n=x) brackets below the label. The  mean value is given by 
μ in the centre of each boxplot and sample points are highlighted in their condition’s respective 
colour. Details of tests used for statistical analysis is on the bottom right of the plot. Significant 
difference between conditions is indicated by the p value in the top left of the plot. Additional 
statistics can be found on the top left of the plot. 
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Supplementary figure 5.5. indOsRKD3 expression in the indOsRKD3 leaf RNAseq 
experiment shows high expression amongst transgenic samples. TD = transgenic DEX, 
TM = transgenic mock, ND = non-transgenic DEX and NM = non-transgenic mock. Bar colour 
denotes sample condition as described in the legend on the right.  
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Supplementary figure 5.6. Heatmap of TD vs ND only DEGs from indOsRKD3 Cempo 
Ireng leaf RNAseq experiment across tissues. TD = Transgenic DEX leaf and ND = non-
transgenic DEX leaf. Tissue tpm values were taken from the MSU database. Scale displayed 
is row scaled logarithmically transformed tpm values.  Hierarchical clustering was performed 
on IndOsRKD3 Cempo Ireng TD vs ND only leaf DEGs and is displayed as a dendrogram on 
the side of the heatmap. Hierarchical clustering was also performed on samples and is 
displayed as a dendrogram on the top of the heatmap. 
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Supplemental figure 5.7. Volcano plot of the IndOsRKD3 Cempo Ireng TD vs ND only 
leaf DEGs equal shows up and downregulation. 51% upregulated DEGs, 49% 
downregulated DEGs. Genes included in the IndOsRKD3 Cempo Ireng TD vs ND only 
pairwise comparison are plotted across their log2 fold change and -log10 p values. DEGs are 
labelled depending on spatial distribution. Red points represent genes that show sufficient log2 
fold change p value to be annotated. Blue points represent genes that show sufficient p value 
but not log2 fold change to be annotated. Green points represent genes that show sufficient 
log2 fold change but not p value to be annotated. Grey points represent genes that show neither 
sufficient log2 fold change or p value to be annotated. 
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