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Abstract  

The photosynthetic activity of phytoplankton is vital, not only as primary production 

in the ocean, or for carbon sequestration, but also as a source of almost half the oxygen 

in our atmosphere. This project is an investigation of the genetic and physiological 

consequences of light responses in Ostreococcus, a genus of eukaryotic 

picophytoplankton. The light quality responses of two different ecotypes of 

Ostreococcus are compared: the coastal and lagoon associated OTH95, and the ocean 

associated RCC809. It is known that Ostreococcus ecotypes can adapt to high or low 

intensities of light, however their responses to light of different wavelengths are 

unknown.  

It was hypothesised that Ostreococcus ecotypes possess distinct light quality niches, 

to address this, differential gene expression was determined under monochromatic red, 

green, and blue light conditions, and functional annotation used to describe the likely 

physiological effects of the transcriptional responses. These transcriptional light 

quality responses were ecotype-specific and were tested by measuring physiological 

photosynthetic parameters using pulse-amplitude modulation fluorometry analysis 

(PhytoPAM) technology, and relative pigment contents using high performance liquid 

chromatography (HPLC). These responses represent likely adaptations to the spectral 

conditions in the ecotypes’ light quality environments.  

Finally, potential mechanisms controlling the light quality responses were identified 

by locating candidate regulatory sequence motifs in the promoters of responsive genes 

and comparing these to transcription factor DNA binding sites. This allowed 

prospective markers for light quality responses to be identified and enables future 

investigations of phytoplankton communities in an environmental context. 

This work provides evidence of distinct light quality responses in Ostreococcus 

ecotypes and demonstrates the importance of light quality for the adaptation of 

eukaryotic phytoplankton to ecological niches in the marine environment. 
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1.1 The importance of picoeukaryotic phytoplankton for global marine 

ecosystems 

Phytoplankton are a vital part of the marine ecosystem; as primary producers, they not 

only provide a source of energy for the food web, but also cycle nutrients, form a sink 

for carbon, and are responsible for roughly half the oxygen released to the atmosphere 

globally. The role of picoeukaryotic phytoplankton (varyingly defined as either <3µm 

or < 2µm in diameter,) in global CO2 fixation is vital as these species are responsible 

for a considerable amount of carbon capture in the oceans through photosynthesis 

(Mullin, 2001, Kirkham et al., 2013, Jardillier et al., 2010, Rii et al., 2016). This is 

partly due to their high rates of growth and cell-specific CO2 fixation which increase 

their impact in comparison to the relatively higher biomasses of prokaryotic 

picophytoplankton, such as the cyanobacterial species Prochlorococcus and 

Synechococcus (Jardillier et al., 2010). Thus, at a sample site near Southern California 

photosynthetic picoeukaryotes contributed 79% of the total carbon consumption by 

picoplankton despite only making up between 7-20% of the total biomass, the rest 

being mainly cyanobacteria (Worden et al., 2004). Similarly, a study in the south-east 

Pacific Ocean found that picophytoplankton were responsible for over 60% of the  

primary production, around half of which was contributed by picoeukaryotes, with the 

prasinophyte green algae genus Ostreococcus dominant in this size class in upwelling 

waters (Rii et al., 2016). Prasinophytes are a diverse group of photosynthetic 

picoeukaryotes, comprising chlorophyte green algae which are dominant in coastal 

areas with high nutrient availability (Lopes dos Santos et al., 2017). The genus 

Ostreococcus, like other chlorophyte algae in the order Mamiellales and the family 

Bathycoccaceae, is found in oceans across the world and most frequently in tropical 

or temperate environments (Rii et al., 2016, Limardo et al., 2017). The distribution of 

Ostreococcus species is delineated by environmental adaptation with discrete clades 

occupying specific waters (see section 1.7) (Leconte et al., 2020, Guillou et al., 2004). 

A meta-analysis of picophytoplankton biomass data encompassing studies across the 

globe estimates a greater contribution by photosynthetic picoeukaryotes 

(approximately 50-70%) compared to cyanobacterial genera, although this did include 

larger cells up to 3µm in diameter (Buitenhuis et al., 2012). Many factors can cause 

variation in picophytoplankton biomass and community composition including 

seasonal effects, position within the water column, nutrient availability, and dramatic 
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changes during massive transient blooms so that estimates often vary accordingly 

(Bolaños et al., 2021, O'Kelly et al., 2003, Choi et al., 2016, Hernández-Ruiz et al., 

2018, Kirkham et al., 2013, Cloern et al., 2014). However, these studies show the 

enormous potential of picoeukaryotes to impact ecosystems.  

1.2  Phytoplankton: current and future climate effects    

Alteration of the environment due to climate change demands clarification of the 

effects on the dynamics of marine picophytoplankton communities. It is generally 

accepted that rising temperatures are increasing stratification which reduces mixing of 

nutrients, prolongs exposure to radiation in the surface layer, and causes expanding 

oxygen minimum zones in the oceans (Li et al., 2020, Schmidtko et al., 2017, Gao et 

al., 2018, Polovina et al., 2008). Increased dissolved CO2 driven by rising atmospheric 

concentrations is also causing ocean acidification and carbon uptake by phytoplankton 

is the main mechanism for mitigating this effect (Humphreys, 2016, Gao et al., 2018, 

Bates et al., 2014, Landschützer et al., 2018). It is important, but challenging, to 

accurately determine the effect of these global trends of change on phytoplankton 

activity and diversity, and effects will vary with optimum conditions for certain taxa, 

existing adaptations, and geographic location. Ocean acidification is expected to 

change phytoplankton community structure and biodiversity as some species will cope 

better with this change. Attempts have been made to characterise this effect on 

phytoplankton communities, although contradictory results are seen when 

acidification is investigated in combination with other factors such as light intensity 

so that communities in diverse coastal and open ocean environments are likely to show 

different responses (Gao et al., 2018). Rising temperatures and changing currents may 

favour smaller species including picophytoplankton and drive temperate 

phytoplankton populations towards the poles as has been noted already in 

coccolithophores and zooplankton such as foraminifera and krill (Morán et al., 2010, 

Oziel et al., 2020).  Rising temperatures have led to a reduction in sea ice in the Arctic 

and enabled longer growing seasons for phytoplankton resulting in increased net 

primary production (Arrigo and van Dijken, 2015). Increased thermal tolerance was 

seen in successive generations of Ostreococcus exposed to temperatures of 33oC in a 

laboratory setting, showing the potential for these photosynthetic picoeukaryotes to 

adapt to rising ocean temperatures (Barton et al., 2020). Predictions of global 

phytoplankton community shifts with climate change suggest an increased importance 
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of picoeukaryotes due to their tolerance to nutrient limitation, warming, fluctuating 

light intensity, and increased acidification through dissolved CO2 (Seifert et al., 2020, 

Flombaum et al., 2020, Hoppe et al., 2018, Schulz et al., 2017, Hyun et al., 2020, 

Benner et al., 2020). 

The light quality environment of the oceans as determined by the contribution to 

spectral scattering and absorption by phytoplankton is also expected to alter as a 

consequence of community shifts due to climate change (Lain and Bernard, 2018). 

This is due to the different light harvesting pigments and photoprotective mechanisms 

that different functional groups of phytoplankton are able to synthesise and employ. 

Fluorescence from chlorophyll a (chl-a) is frequently used to remotely estimate 

phytoplankton biomass and productivity on large spatial and temporal scales across 

oceans and seasons, and ocean colour across a broader spectrum is increasingly being 

considered as an important metric for assessing phytoplankton community health as 

well as determining taxa-specific contributions to light absorption from other light 

harvesting photopigments such as carotenoids and biliproteins (Blondeau-Patissier et 

al., 2014, Groom et al., 2019, Markager and Vincent, 2001, Bracher and Tilzer, 2001). 

A recent model of remote chl-a estimations found that the colour of surface ocean 

water is likely to become more dominantly blue due to a shift in phytoplankton 

community structure and bleaching of coloured dissolved organic matter (DOM) 

(Dutkiewicz et al., 2019). Blue light presents a competitive advantage for eukaryotic 

picophytoplankton which utilise chlorophyll and carotenoid complexes to harvest light 

for photosynthesis and are able to absorb blue wavelengths more efficiently than some 

cyanobacteria which also utilise phycobilisome antennae to harvest light (Luimstra et 

al., 2020b). This may mean that feedback occurs as phytoplankton communities shift 

in the response to the oceans’ light environment causing further changes and resulting 

in drastic ecological effects.  

1.3  Light quality in the environment, land plants 

Visible light within the range 400-700nm is known as photosynthetically active 

radiation (PAR) and is used for photosynthesis (Hader et al., 1998). On land, the light 

environment is broadly composed of light across the visible spectrum, while an 

increased ratio of far-red light to red light is caused by shading by leaves compared to 

direct light. Responding to the spectral light environment allows photosynthetic 

organisms to maximise the efficiency of light capture, for example by altering the 
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composition of light harvesting photopigments, by increasing energy storage, or by 

increasing growth to avoid shade; these responses are known as photomorphogenesis 

(Murchie and Horton, 1997). Plants possess photoreceptors which allow them to sense 

and respond to the light environment as well as to regulate their development 

accordingly. In general terms, plant photoreceptors contain photosensory domains 

such as a light-oxygen-voltage (LOV) domain in phototropins, which contain a 

chromophore binding domain such as the blue light absorbing flavin adenine 

dinucleotide (FAD) binding domain in response to the absorption of light photons at 

UV or PAR wavelength (Möglich et al., 2010). Photoreceptors also possess a receiver 

domain such as a serine/threonine kinase which transduces the light signal by 

phosphorylating a response regulator or binding DNA, proteins, or membranes, 

initiating a cascade of downstream responses. Red and blue light wavelengths are most 

efficiently absorbed by chlorophylls a and b for photosynthesis and plants are able to 

sense and respond to these light qualities using specific photoreceptors (Figure 1.1a) 

(Lichtenthaler, 1987, Kume et al., 2018). A combination of these photoreceptors 

allows some of the composition of available light spectra to be sensed so that cells are 

able to respond in a specialised way to their environment. These photoreceptors may 

therefore be used to control circadian entrainment and photomorphogenic responses 

for more efficient light capture (Möglich et al., 2010). For example, in shade-avoiding 

higher plants, the photoreceptors which sense red light, known as phytochromes, are 

able to sense and avoid areas of leafy shade by detecting the higher proportion of far-

red light to red light and respond by inducing stem extension; a growth strategy known 

as etiolation (Devlin, 2016, Yang et al., 2016b, Yang et al., 2016a, Murchie and 

Horton, 1997). Understanding the effects of the relative contents of blue, red, and far-

red light wavelengths for the indoor growth of plants in crop production can be used 

to optimise growth strategy, such as increased flower content in red light (Darko et al., 

2014, Rabara et al., 2017). Green light has been found to induce responses in plants 

which are similar to physiological responses to low light intensities and while the exact 

mechanism driving the green light response is unknown, the responses are suggested 

to be adaptive to the increased proportional presence of green light wavelengths in 

shaded areas (Wang et al., 2009, Battle et al., 2020, Mawphlang and Kharshiing, 

2017). 
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Figure 1.1 Approximate absorbencies or responses to the light spectrum for common photoreceptors 

(a) land plants and (b) Ostreococcus. Solid arrows indicate peaks in measured absorbencies. Dashed arrows 

represent wavelengths to which responses in these photoreceptors have been hypothesized. Photoreceptor 

abbreviations: UV resistance locus 8 (UVR8), Drosophila, Arabidopsis, Synechocystis, human (DASH)-type 

cryptochromes, Rhodopsin histidine kinase (RhodHK), Light-oxygen-voltage histidine kinase (LOV-HK), 

Ostreococcus phototropin (OtPhot), Cryptochrome photolyase family (CPF). (Casal, 2013, Ouzounis et al., 2015, 

Luck et al., 2019, Thommen et al., 2015, Sullivan et al., 2016).  

 

1.4 Light quality in the environment, marine systems 

Visible light in the PAR range reaches a maximum depth of around 200m depending 

on sunlight intensity and water clarity. This forms the oceans’ euphotic zone. Most 

PAR present in deeper waters is composed of blue light as it is made up of shorter 

wavelengths with higher energy and so it penetrates further through the water. Red, 

far-red and (to a lesser extent) green light wavelengths attenuate more quickly and are 

only present in shallower waters (Bouman et al., 2000). This underwater light 
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environment as caused by absorbance and scattering of wavelengths by water is 

illustrated by Figure 1.2. Coastal waters also tend to contain more green light as blue 

and red wavelengths are primarily absorbed by chlorophylls in phytoplankton 

(Lichtenthaler, 1987, Kume et al., 2018, Schubert et al., 2001).  

 

Figure 1.2 The underwater light environment. 

Bars represent the penetration depth of light qualities in the visible spectrum and are coloured according to their 

visual appearance. Adapted from NOAA 2016. 

 

These variations in light quality may be accompanied by other environmental factors. 

Oligotrophic ocean waters are characterised by having consistently low levels of 

nutrients and chlorophyll. While the ocean euphotic zone changes both by latitude and 

season, the depth of the euphotic zone also varies depending on water clarity. This 

latter feature differs the most between open-ocean and coastal regions, dependent on 

the amount of particulate material in the water column (V-Balogh et al., 2009). In 

coastal waters, light absorbance and scattering by dissolved organic matter and run-

off from rivers cause a proportional increase in yellow wavelengths (Erga et al., 2012). 

These changes in the spectrum of PAR in water describe the light field penetrating 

downwards through the water, the downwelling irradiance, and further effects can be 

seen in light reflected back upwards, the upwelling irradiance spectrum, particularly 

in coastal waters as reflectance from phytoplankton causes higher levels of green 

wavelengths (Schubert et al., 2001, Sun et al., 2010, Tilzer et al., 1995).  

Phytoplankton blooms characteristically reduce light intensity and narrow the PAR 

spectrum of marine waters (Churilova et al., 2020, Bracher and Tilzer, 2001). Diatoms 

and dinoflagellates in coastal environments have been shown to primarily absorb 

Coast  Ocean 
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shorter wavelengths during a bloom leading to a predominantly green and red spectral 

downwelling irradiance when compared to ambient levels at the same optical depths. 

This effect of a bloom on the downwelling irradiance has also been observed in 

laboratory conditions in cyanobacteria (Soja-Woźniak et al., 2018). Blooms favour 

small, low light adapted phytoplankton which are tolerant of self-shading as this allows 

survival during competition (Lewandowska et al., 2015).  

Light quality sensing in phytoplankton species may therefore be used to distinguish 

deep water environments indicated by the prevalence of blue wavelengths, from 

surface environments indicated by a signature of a broader visible spectrum, or to 

detect the presence of particulate matter and of other phytoplankton. 

Light quality can also vary according to the time of the day. In a North Sea study of 

shallow waters down to 3.5m, blue and far-red light wavelengths were increased in 

relation to red light at dawn and dusk. Corresponding changes in pigment production 

were noted in green macroalgae on a diurnal scale, in response to these spectral 

changes (López-Figueroa, 1992).  

Light quality responses have been extensively described in cyanobacteria. Some 

Synechococcus strains are able to alter the composition and quantity of light harvesting 

pigments, the red/orange wavelength absorbing phycocyanin and green absorbing 

phycoerythrin, in order to absorb light optimally in a varied light environment; this is 

known as complementary chromatic adaptation (Six et al., 2007, Palenik, 2001, Kehoe 

and Grossman, 1994). However other cyanobacteria in the Synechococcus genus 

constitutively produce different ratios of these pigments allowing them to occupy 

environmental niches corresponding to different spectral qualities, and this allows the 

prediction of their environmental distribution (Stomp et al., 2004, Grébert et al., 2018). 

Cyanobacteria also exhibit a photoadaptive response to damaging UV light. This  

includes the production of photoprotective compounds such as scytonemin which are 

used in biotechnology for the production of protective suncreams (Rastogi et al., 

2015).  

1.5  Light quality responses in picophytoplankton 

As with land plants, phytoplankton use photoreceptors to sense different wavelengths 

of light. Though their responses and signalling effects have been less well described, 

different light qualities have been noted to prompt changes in gene expression in some 
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species of photosynthetic plankton (Luimstra et al., 2020a, Meng et al., 2019). For 

example, the chlorophyte green alga Chlamydomonas reinhardtii responds to red, 

green, and blue light distinctly showing changes in gene expression (Beel et al., 2012). 

In addition to a plant-like cryptochrome, it possesses an animal-like cryptochrome 

(aCRY) which is able to sense red light (at 633nm) and yellow light (at 585nm), but 

not far-red light. The responses of C. reinhardtii to red and blue light in terms of gene 

expression were found to be more similar to each other than to the green light response 

(Beel et al., 2012). For example, transcription of chlorophyll synthesis genes increased 

as a response to both red and blue light compared to green light (Beel et al., 2012, 

Forbes-Stovall et al., 2014). In the diatom Phaeodactylum tricornutum, perception of 

red and far-red light via phytochromes induces changes in expression of around 200 

gene. This species also exhibits distinct transcriptional responses to red, green, and 

blue light (Fortunato et al., 2016, Valle et al., 2014). The red algae Cyanidioschyzon 

merolae, also displays distinct transcriptional responses to blue and red wavelengths 

of light (Tardu et al., 2016). Genes involved in DNA repair and photosynthesis are 

induced under red light, while increased expression of protein synthesis genes is seen 

under blue light. These examples demonstrate a precedent for light quality responses 

as initiated by photoreceptors in phytoplankton which suggests that the ability to 

discern and respond to specific wavelengths in the underwater environment is 

advantageous. 

1.6 An introduction to Ostreococcus  

First discovered using flow cytometry measurements of chlorophyll fluorescence in 

1994, Ostreococcus is the smallest free-living eukaryote identified to date (Demir-

Hilton et al., 2011, Chretiennot-Dinet et al., 1995, Courties et al., 1994). The 

Ostreococcus cell features a single chloroplast, single mitochondrion, no flagella or 

cell wall, and a cell size of around 0.6-2.8m in diameter (Derelle et al., 2002, Guillou 

et al., 2004). The existence of several adapted ecotypes, which are considered distinct 

species, makes this genus an ideal target for study of ecological adaptations (Derelle 

et al., 2006). Ostreococcus species are generally morphologically indistinguishable, 

although electron microscopy has revealed an outer membrane covered with 

protruding bumps in O. RCC809 which was not noted in the smooth membrane of O. 

lucimarinus (Limardo et al., 2017).  Its small size, and its compact haploid genome 

(12.56Mbp in the ecotype OTH95 and 13.3Mbp in RCC809,) with minimal introns 
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and little duplication, presents a simple model to understand its photosynthetic 

function. Ostreococcus is also readily transformable which allows precise studies of 

gene function, as well as the potential for use in biotechnology. For example, its use 

as a biosensor for contamination in water has been investigated in the strain 

Ostreococcus tauri (hereafter referred to as OTH95) (Lozano et al., 2014, Henríquez-

Castillo et al., 2018, Sanchez et al., 2019, van Ooijen et al., 2012, Thomy et al., 2021). 

Transgene overexpression and gene knockdown via antisense have been used 

successfully to demonstrate the effects of clock genes in the regulation of circadian 

control of gene expression in OTH95 (Corellou et al., 2009).  

The genome of OTH95 has a GC content of 59%, with notable exceptions being 

chromosomes 2 and 19 which possess a lower GC content, a higher incidence of 

transposons, and evidence of horizontal transfer of some genes with a bacterial origin 

(Grimsley et al., 2010, Blanc-Mathieu et al., 2017). A study of Ostreococcus strains in 

2005 found variation in the total chromosome number, from 15-20, with chromosome 

sizes of 0.15-1.5Mbp (Rodríguez et al., 2005). This study separated the strains into 

four clades (A-D) using variability in the internal transcribed spacer (ITS) DNA and 

18S rRNA gene. Strains within these clades are sufficiently varied to be considered 

distinct species (Subirana et al., 2013, Palenik et al., 2007). Clade B is associated with 

temperate and tropical oligotrophic waters and adaptation to low light intensities, 

while clades A and C are both associated with higher light intensities, A with colder 

water, and C with surface coastal waters. Clade D may be limited to brackish waters 

(Demir-Hilton et al., 2011). A fifth clade (E) associated with temperate coastal waters 

has been isolated in the Mediterranean sea (Tragin and Vaulot, 2019). The species are 

likely to be sexually incompatible due to the presence of two or more hypervariable 

chromosomes (such as chromosome 2 in OTH95) which are characterised by a lower 

percentage GC content and feature transposons and evidence of horizontal transfer. 

The variability of these chromosomes would prevent pairing between species and 

prevent offspring being viable (Palenik et al., 2007). Sexual reproduction has also not 

been observed within Ostreococcus species to date, although evidence of rare meiosis 

is seen by chromosomal recombination events in OTH95 (Blanc-Mathieu et al., 2017). 

The inability to interbreed may explain why multiple species can be maintained in the 

same areas although they rarely co-occur and are primarily separated by their 

differential survival depending on light intensity. Thus, the low light and warmer water 
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associated oligotrophic Ostreococcus clade B are only found alongside the colder 

water and coastal associated mesotrophic clades A or C at transition slope waters 

where dynamic mixing occurs (Demir-Hilton et al., 2011, Six et al., 2008, Cardol et 

al., 2008, Limardo et al., 2017, Simmons et al., 2016).  

1.7  Light sensing in Ostreococcus  

A photosynthetic organism like Ostreococcus needs to be able to sense, respond, and 

adapt to changes in its light environment to efficiently regulate its photosynthetic 

machinery. Ostreococcus species are able to capture light across the visible spectrum 

for use in photosynthesis, and they achieve this using chlorophylls a and b which 

mainly absorb blue and red wavelengths. Ostreococcus also utilise a variety of 

accessory photopigments which broaden the spectrum absorbed, as each absorb light 

maximally at specific wavelengths, and provide photoprotection of the chlorophylls 

by dissipating excess light energy (Jagannathan and Golbeck, 2009, Six et al., 2009, 

Six et al., 2005). The relative contents of these chlorophylls and accessory 

photopigments are adjusted in response to light intensity changes in Ostreococcus and 

the magnitude of these responses differ between the low light adapted ecotype 

RCC809, and the higher light adapted OTH95 (Six et al., 2008). Some species 

including the RCC809 ecotype also contain an extra photopigment: Chl CS-170 which 

absorbs blue/green light and may be an adaptation to low light intensity environments 

(Rodríguez et al., 2005).  

Responses to light may result from detection of metabolites produced through 

photosynthesis; this mechanism of indirectly sensing light using protein kinases to 

detect sugars is, for example, used to reset circadian rhythms in Arabidopsis plants 

(Frank et al., 2018). Photoreceptor-independent light sensing was also described in 

plants, in the cyanobacterium Calothrix, and in the green alga Dunaliella salina, where 

electron transport initiated by light absorption within the photosystems triggers 

responses in the regulation of the light harvesting complexes of its photosynthetic 

machinery (Maxwell et al., 1995, Pfannschmidt et al., 2001, Campbell et al., 1993). 

However, light quality-specific responses are mediated by dedicated light-sensing 

molecules also known as photoreceptors. 

Five photoreceptors have been identified in Ostreococcus: two histidine kinases 

(LOV-HK and Rhod-HK), two cryptochromes (CPF1 and CPF2), and a phototropin. 

The light sensing and resultant signalling functions of these photoreceptors in 
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Ostreococcus are not yet fully understood and the exact wavelengths of light 

Ostreococcus is able to detect have not yet been fully described. Figure 1.1a gives an 

overview and approximate light wavelength absorbance of the common 

photoreceptors found in land plants, compared to those which have been described in 

Ostreococcus (Figure 1.1b), note the lack of a phytochrome photoreceptor in 

Ostreococcus. Ostreococcus, Micromonas, and Bathycoccus belong to the order 

Mamiellales within the green algal class Prasinophyceae. Ostreococcus and 

Bathycoccus are in the family of Bathycoccaceae and do not possess phytochrome 

photoreceptors (Duanmu et al., 2014). This means that the Bathycoccaceae family are 

not able to distinguish red from far-red (>680nm) light wavelengths.  

The Ostreococcus light, oxygen, and voltage sensing histidine kinase (LOV-HK) 

photoreceptor, which senses blue light maximally at 450nm, may also play a role in 

responses to red light. Overexpression or antisense inhibition of its transcription 

altered the rhythmic expression of circadian clock genes under constant red light 

(Djouani-Tahri et al., 2011, Thommen et al., 2015). On the other hand, the other 

Ostreococcus histidine kinase photoreceptor, rhodopsin-HK (Rhod-HK) may respond 

to longer wavelengths, as this fits a model of circadian entrainment involving both 

blue and red light (Thommen et al., 2015).  Rhod-HK in OTH95 absorbs green-orange 

light at 462 and 521nm and may act as a molecular switch in response to light quality 

conditions specific to dusk (Luck et al., 2019). 

The two Ostreococcus cryptochrome photoreceptors, the CPF1 and CPF2 DASH, 

sense blue light and regulate circadian rhythms (Beel et al., 2013, Thommen et al., 

2015). The phototropin photoreceptor (known in Ostreococcus OTH95 as Otphot) also 

senses blue light, with maximal absorbance at 449nm. However, it did not restore 

phototropism responses in transgenic Arabidopsis plants suggesting that it may be 

distinct from plant phototropins and may have reduced or different functions (Sullivan 

et al., 2016). 

The findings to date on the peak absorbencies of Ostreococcus photoreceptors show 

that its blue light sensing is likely to be more sensitive compared to that of land plants 

Figure 1. This is explained in the context of the underwater environment in which red 

and green wavelengths are scattered and absorbed by water compared to the broader 

spectrum of light available in the atmosphere on land. Although the findings on these 

photoreceptors show some indication of the light sensing capabilities of Ostreococcus, 
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little is known about their downstream signalling pathways and resultant effects on 

cellular processes and physiology. 

1.8  Environmental adaptations in Ostreococcus 

Ostreococcus cells are not motile and must be able to adjust to changes in the 

environment to survive rather than by utilising responses through movement such as 

phototaxis. This lack of motility may have contributed to the formation of distinct 

Ostreococcus ecotypes adapted to high light and low light environments. It may also 

have driven adaptation of their photosystems to other abiotic factors, such as nutrient 

availability. For example, some ecotypes such as RCC809 are able to cope with 

reduced levels of iron while maintaining efficient photosynthesis (Six et al., 2009, 

Botebol et al., 2017, Rodríguez et al., 2005).  

The variable magnitude of increased cell size and photosynthesis rates of 16 

Ostreococcus ecotypes in response to CO2 enrichment demonstrates their divergence 

in adaptations (Schaum et al., 2013). Smaller magnitudes of changes in response to the 

CO2 enrichment were seen in strains isolated in deeper water than those isolated from 

surface waters, and it was concluded that surface ecotypes are likely to be more plastic 

in response to environmental change. Following this, it was found that the smaller 

magnitude of these responses of the deeper water ecotypes to variations in CO2 was 

an adaptive response beneficial to longer term survival in variable conditions (Schaum 

and Collins, 2014). 

Light intensity is thought to be the primary abiotic factor which determines clade 

distribution (Demir-Hilton et al., 2011). The OTH95 ecotype belongs to clade C and 

is found in shallow lagoon and coastal water, whereas the RCC809 ecotype belongs to 

clade B and was sourced from the open ocean at a depth of 105 meters. RCC809 was 

also found to have a higher light harvesting capacity than OTH95, a likely adaptation 

to limitation from lower light intensities, whereas the OTH95 samples were adapted 

for photoprotection (Six et al., 2005, Six et al., 2009, Demir-Hilton et al., 2011, Cardol 

et al., 2008). This project is focussed on these two ecotypes of Ostreococcus: OTH95 

(from Thau Lagoon in the South of France), and RCC809 (sampled at a depth of 105m 

in the Atlantic Ocean) (Table 1.1). These ecotypes are distinct species which show 

adaptation to the environments from which they were derived, and are considered to 

be in separate clades (Rodríguez et al., 2005). The lagoon sourced OTH95 (clade C 

within the coastal associated OI) and RCC809 (clade B within the OII clade often 
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found to peak in abundance at the deep chlorophyll maximum (DCM) at depths around 

100m) are considered to be the two most disparate Ostreococcus species in terms of 

their light intensity responses (Demir-Hilton et al., 2011, Limardo et al., 2017). 

However, variation in responses to light of different wavelengths has not been 

investigated. 

Table 1.1 A comparison of genomic and physiological features for the ecotypes RCC809 and OTH95 

  

 

  
OTH95 (also known as 

Ostreococcus tauri, strain 

OTTH 0595 RCC745) 

RCC809 (a clone of the lost 

strain RCC141, also known as 

Eum16BBL_clonal, NIES-2674) 

Source (1) 

Coastal sites including the Thau 

Lagoon, South France which has 

a mean depth: 4.5m max depth: 

10m 

105m deep Tropical Atlantic 

Ocean 

Both possess the 

same light 

harvesting 

pigments and 

photoreceptors (2) 

Lower ratio of chl-b to chl-a than 

RCC809 (0.65 ± 0.05) 

Around a 50% higher ratio of chl-

b to chl-a than OTH95 (1.01 ± 

0.08) 
Also contains Chl CS-170 which 

may allow capture of low levels of 

blue/green light (7) 

Genome (3) 

  

GC content (4) 

7586 genes, 20 chromosomes                                  

(6650 homologues ~90%) 
59% with lower GC in outlier 

chromosomes 2 and 19 which 

may be due to TEs 

7536 genes, 20 chromosomes                                

(6650 homologues ~90%) 
60% with lower GC in outlier 

chromosomes 2, 7 and 20 which 

may be due to TEs 
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Differential 

survival under 

high light 

intensities (5) 

Adapted for photoprotection  
  
Faster PSII repair cycle 
Higher PSI content than 

RCC809 
  
  
Grows optimally at the higher 

light intensity of 100μE m
−2

 s
−1 

Higher PSII light harvesting 

capacity compared to PSI, may 

be an adaptation to Fe limitation  
PSII antenna ~1.5 times larger  
Sensitivity to prolonged exposure 

to higher light intensities                             

(cells deactivated after 8 to 10 

days at 100μE m
−2

 s
−1

)  
Grows more optimally at the 

lower light intensity of 10μE 

m
−2

 s
−1 

Clade (6) C within OI B within OII  

1) Location maps sourced from Roscoff collection  

(http://roscoff-culture-collection.org/) 

2) (Cardol et al., 2008)  

3) Determined using reciprocal BLAST 

4) (Derelle et al., 2006, Blanc-Mathieu et al., 2017) 

5) (Six et al., 2005, Six et al., 2009, Cardol et al., 2008, Demir-Hilton et al., 

2011) 

6) (van Baren et al., 2016) 

7) (Rodríguez et al., 2005) 
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1.9  Aims and objectives 

As phytoplankton community composition alters with a changing climate, the marine 

light environment will also shift. Understanding the adaptive potential of important 

primary producers is key to understanding the effects of climate change on oceans. 

However, little is known about light quality responses in picoeukaryote phytoplankton. 

The aim of this project is to determine whether Ostreococcus, a photosynthetic 

picoeukaryote, is able to respond distinctly to different light qualities, and to obtain 

evidence for the adaptive significance of light quality responses. To test the hypothesis 

that different Ostreococcus ecotypes have adapted to distinct light quality niches, and 

that responses to light quality contribute to fitness in the natural environment, light-

quality responses were compared in two ecotypes sourced from distinct light quality 

environments. The deep ocean ecotype RCC809 is present in regions of the euphotic 

zone where mostly blue light is able to propagate, whereas the lagoon and coastal 

ecotype OTH95 is exposed to a wider spectrum of red, green and blue light.  

 

To obtain initial clues to the effects of light quality on cell physiology, gene expression 

changes are investigated following acclimation to different light qualities, revealing 

extensive differences in the responsiveness of the two ecotypes. Chapter 3. 

 

The consequences of these gene expression changes on pigment content and 

photosynthetic parameters are subsequently examined, giving insight into adaptive 

significance of light quality responses. Chapter 4.  

 

Mechanisms involved in regulation of these light quality responses are investigated 

through identification of potential regulatory elements in light quality-responsive 

genes, and candidate transcription factors binding these elements. Prospective genetic 

markers for light quality responsiveness are identified by a comparison of the ecotypes. 

Chapter 5.  
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Chapter 2: Methods
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2.1 Strain sources 

Ostreococcus strains were obtained from the Roscoff Culture Collection 

(http://roscoff-culture-collection.org) 

• OTH95 (also known as RCC745, RCC4221, OTTH 0595, and tauri). Sourced 

from the shallow Thau Lagoon, France (Chretiennot-Dinet et al., 1995). 

• RCC809 (also known as Eum16BBL_clonal and NIES-2674). RCC809 is a 

clone of the lost strain RCC141 which was sourced at a depth of 105m in the 

Tropical Atlantic 

2.2 Culture conditions 

Cells were grown in Keller medium supplemented with vitamins B12 (3.69 x 10-10 M), 

thiamine (2.96 x 10-7 M), and biotin (2.05x10-9 M), and the antibiotics penicillin (25g 

ml-1), neomycin (20g ml-1), and kanamycin (25g ml-1) (Keller et al., 1987, Farinas 

et al., 2006). 20ml cultures were grown in 50ml Falcon cell culture flasks with vented 

caps. Batch cultures were incubated at 21oC under 12h light 12h dark cycles using 

fluorescent white light at 20mol photons mˉ2 sˉ1 and refreshed on a fortnightly basis. 

All handling of stocks was carried out under laminar flow hoods.  

2.3 Determination of cell titre 

Cell numbers of cultures were initially determined using a Beckman Coulter CytoFlex 

flow cytometer and results were correlated with those of OD550nm using a Thermo 

Fisher NanoDrop 2000 spectrophotometer (the cells absorb minimal light at this 

wavelength). OD550nm was then used as an approximation for cell titre using the 

equation Cell titre (cells ml-1) = 2x109 OD. 

2.4 DNA extraction and genotyping 

For extraction of genomic DNA, 200ml cultures in early stationary phase (30-40 

million cells ml-1) were centrifuged at 4000rpm for 10 minutes at 4oC. The supernatant 

was removed, leaving about 1ml behind. The pellet was resuspended and transferred 

to a microfuge tube. This was then centrifuged at 8000rpm 4oC for a further 10 

minutes. The supernatant was removed, and the pellet was frozen using liquid nitrogen. 

DNA was extracted using a modified version of a plant DNA extraction method 

(Dellaporta et al., 1983). 300l extraction buffer (100mM Tris, 50mM EDTA, 500mM 

http://roscoff-culture-collection.org/
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NaCl, and 10mM b-Mercaptoethanol) and two metal beads were added to frozen cell 

pellets, and samples were shaken using a pre-cooled QIAGEN tissue lyser for 2 

minutes at 30Hz. 1/10th volume of 10% SDS was added to lysates, and samples were 

incubated at 65oC for 10 minutes. 1/4th volume of 5M potassium acetate was then 

added, and samples were incubated at 4oC for 10 minutes before centrifugation at 

13000rpm for 10 minutes to remove particulate material. The supernatant was 

transferred to a fresh tube, combined with half volume of isopropanol and 2µl 

glycogen (20mg/ml), and incubated at -20oC for 30 minutes before centrifugation at 

13000rpm for 15 minutes at 4oC. The pellet was then drained and resuspended in 400l 

TE (50mM Tris, 10mM EDTA, pH8) and centrifuged again for 10 minutes at 

13000rpm to remove debris. The supernatant was incubated at 37oC for 30 minutes 

with 1l of RNAse A. 1/10th volume of 5M NaCl and 2 volumes of EtOH were added 

before a final centrifugation was carried out at 13000rpm for 10 minutes at 4oC. The 

pellet was rinsed with 1ml 70% (v/v) ethanol, dried, and re-dissolved in TE. The DNA 

was then quantified using a Thermo Fisher NanoDrop 2000 spectrophotometer. 

2.5 Genotyping 

Ostreococcus strains were genotyped as described previously (Demir-Hilton et al., 

2011, Clayton et al., 2017, Moon-van der Staay et al., 2001), by sequencing the 18S 

rRNA gene. Primers used for amplification of the sequence were: 

EUKf: 5′-ACCTGGTTGATCCTGCCAG-3′ 

EUKr: 5′-TGATCCTTYGCAGGTTCAC-3′  

PCR reactions were performed on genomic DNA using the Thermo Scientific™ 

DreamTaq green PCR master mix according to the standard protocol. Amplification 

was carried out on 30-80ng of genomic DNA template for 35 amplification cycles at 

an annealing temperature of 55oC. PCR products were purified using the QIAGEN 

QIAquick PCR purification kit according to the standard protocol. The fragments 

were sequenced by Eurofins Genomics GATC LightRun service using the internal 

primer: 

EUK502f: 5′-GGAGGGCAAGTCTGGT-3′ 

2.6 Monochromatic light sources 

Red and blue light was provided by LED arrays, and green light was provided by cool-

white fluorescent bulbs covered with one layer of green filter (Lee filter 139). Light 
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intensity was 4mol photons m-2 s-1, as measured using a LI-COR photometer light 

meter (model LI-189) with a quantum sensor. The specific wavelengths of the 

monochromatic lights were determined using a Stellanet epc2000 spectroradiometer 

with a fibre lead as described in Figure 2.1.  

 

Figure 2.1 Spectroradiometer measurements of the three light treatments. 

 Peak wavelengths were: 650.5nm for red light, 545nm for green light, and 467.5nm for blue light. 

 

2.7 RNA extraction and sequencing 

For each sample, 200ml culture was harvested, at about 40 million cells per ml. Cells 

were spun down, pooled into 1ml cold PBS, transferred to a microfuge tube, then spun 

again at 13,000rpm to pellet the cells and eliminate the supernatant. Cells were then 

frozen in liquid nitrogen. To break down the cells for RNA extraction, samples were 

treated with 1ml of the guanidinium thiocyanate and phenol reagent TRIzol, then 

thawed out at room temperature and two sterile glass beads were added before shaking 

for 3 minutes using a Tissue Lyser (QIAGEN) at maximum speed. 200l chloroform 

was added and mixed in by shaking for 15 seconds before incubating at room 

temperature for 3 minutes then spinning down at 12,000g at 4oC for 15 minutes. The 

aqueous phase was transferred to a new tube, combined with 0.5ml isopropanol and 

5l glycogen (20mg/ml), incubated for 10 minutes at room temperature then spun 

down at 12,000g at 4oC for 15 minutes. The supernatant was removed, and the pellet 

was washed twice with 1ml 70% (v/v) ethanol before resuspension in 50l RNAse 

free water. To eliminate contaminating genomic DNA, the RNA was treated with 

RNAse-free DNAse (SIGMA) according to the manufacturer’s instructions before 
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purification using the Spectrum Plant Total RNA Kit from Sigma-Aldrich. RNA 

quality was verified using a Bioanalyser before preparation of RNA-seq libraries using 

the Illumina Tru-Seq RNA library preparation kit, which enriches for mRNAs using 

Oligo-dT beads to capture polyA tails before cDNA synthesis. This method does not 

capture chloroplastic RNA. 100bp paired-end (PE) sequencing was carried out on an 

Illumina HiSeq at the Wellcome Trust. This provided the raw data at the start of this 

project.  

2.8 RNASeq Downstream analysis 

Reference genome sequence (fasta) files and annotation (gff3) files for each ecotype 

were sourced from the Online Resource for Community Annotation of Eukaryotes 

(ORCAE) database (http://bioinformatics.psb.ugent.be/orcae/ accessed March 2017). 

Genomes used were the ORCAE V2 OTH95 Genome, (Palenik et al., 2007, Derelle et 

al., 2006, Blanc-Mathieu et al., 2014) and the RCC809 genome V2.0 2009, project 

number 16233, annotated by the Joint Genome Institute (JGI) (Grigoriev et al., 2012). 

(https://mycocosm.jgi.doe.gov/OstRCC809_2/OstRCC809_2.info.html)  

RNA-seq data were processed and analysed within the Discovery Environment in 

Cyverse (https://www.cyverse.org). Downstream analysis is summarised in Figure 

2.2. 

http://bioinformatics.psb.ugent.be/orcae/
https://mycocosm.jgi.doe.gov/OstRCC809_2/OstRCC809_2.info.html
https://www.cyverse.org/
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Read alignment was assessed using the Fastqc tool version 0.2 (Andrews, 2015). Two 

samples showed less than 80% alignment, suggesting contamination. Another gave 

about 120,000 reads compared to around 10 million reads for the other samples. These 

samples were discarded from further analyses. 

Sequences were then trimmed using Trimmomatic version 0.36.0 in paired end mode, 

to improve read quality (Bolger et al., 2014). A Phred quality score of +33 was used, 

with a minimum read length of 50 bases and a minimum quality of 3 at both the leading 

and trailing ends of the read. Fastqc analysis showed improvement in read quality, i.e., 

a greater number of mapped reads and a higher percentage of sequence alignment.  

The output files from Fastqc (fastq files) were then prepared for the differential 

expression analysis using the paired end tool TopHat version 2 which maps reads to a 

reference genome using Bowtie 2, identifies slice junctions, and then aligns these reads 

to the junctions (Kim et al., 2013, Langmead and Salzberg, 2012). The output of these 

Figure 2.2 Pipeline for RNASeq downstream analysis 
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tools, BAM files, are binary formatted sequence alignment map (SAM) files which 

contain the paired read alignment coordinates.  

These BAM files were then analysed using the CuffDiff tool (version 2.2.1a) , which 

calculates differential expression values for each gene (Trapnell et al., 2013). 

Sequences with less than 10 reads per-locus were discarded. Read counts were 

normalised by transcript length and by the total number of fragments using the 

geometric fragments per kilobase of transcript per million fragments mapped (FPKM) 

method. Differentially expressed genes were identified using q-values and a false 

discovery rate (FDR) less than 0.05.  

Gene expression patterns were visualised using the CummeRbund package (Goff et 

al., 2020) in R (R Core Team, 2020) and the heatmaps produced were refined using 

the pheatmap package (Kolde, 2019). 

2.9 Gene Ontology (GO) enrichment 

OTH95 genes were annotated by compiling existing gene descriptions and GO terms 

from ORCAE and the Universal Protein knowledgebase (UniProt).  

Annotation of RCC809 genes was carried out using a genome wide basic local 

alignment search tool (BLAST) to non-redundant databases using the sensitive 

diamond BLASTx command line tool: ‘translated Query-Protein Subject BLAST 

2.2.31+’ (E value 1.00E-03) in July 2018 (Altschul et al., 1990, Altschul et al., 1997, 

Camacho et al., 2009). GO terms were then added to the BLAST result from the 

National Centre for Biotechnology Information (NCBI) using BLAST2GO software 

(Götz et al., 2008, Ashburner et al., 2000, The Gene Ontology Consortium, 2019). 

These annotations were compared to and merged with those available from the 

ORCAE and Interpro databases and with annotations from OTH95 homologues, 

identified by reciprocal BLAST. These were found to be consistent and, in some 

instances, more detailed than the existing annotations.   

GO-term over-representation analysis of differentially expressed genes was carried out 

using the BiNGO 3.0.3 app in Cytoscape (Maere et al., 2005). Multiple testing 

correction was carried out using Benjamini & Hochberg False Discovery Rate (FDR) 

correction with a significance cut-off at 0.05. The enrichment tests were carried out 

for each set of light responsive genes relative to the whole genome, for the ontology 

categories of Biological process, Molecular function, and Cellular component.  
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Differentially expressed genes that were described as enzymes were mapped to 

pathways by highlighting relevant sections of maps downloaded from the Kyoto 

Encyclopedia of Genes and Genomes (KEGG) database (Kanehisa and Goto, 2000). 

As RCC809 was not described on KEGG at this time, homologues of the genes in 

OTH95 were identified and used in these maps.  

2.10 Promoter motif identification 

Analysis of the RCC809 genome’s intergenic region length distribution (Figure 2.3) 

showed a peak around 200bp. This informed the selection of the region 250 bases 

upstream of the start codon for each gene for promoter analyses.  

 

Figure 2.3 Intergenic region size across RCC809 genome used to derive estimation of promoter region 

 

Coordinates of these regions were collected in bed files, listing the genomic 

coordinates for these promoter sequences. Fasta sequence files were then generated 

from the bed files using the GetFastaBed tool in Galaxy (usegalaxy.org) (Quinlan and 

Hall, 2010, Gruening, 2014). Short motifs that were over-represented in the promoters 

of light-responsive genes compared to a background of promoters genome-wide were 

identified using the Dreme 5.0.4 tool in the Meme suite (http://meme-suite.org) 

(Bailey, 2011). Following this, the Meme suite tool FIMO 5.0.4 was used to locate the 

positions of these motifs in the promoters of the light responsive genes (Grant et al., 

2011). 

Identified motifs were submitted to TOMTOM to find matches in either orientation to 

binding sites of experimentally determined transcription factors (Gupta et al., 2007, 

Lis and Walther, 2016). Databases used were: JASPAR (non-redundant) DNA 

database/JASPAR Core (2018) plants and Arabidopsis DNA Plant (motifs in these 

databases are determined using two methods: DNA affinity purification (DAP-seq) or 

protein-binding microarray (PBM) (O'Malley et al., 2016, Fornes et al., 2020). 

http://meme-suite.org/
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Similarity of motifs to binding sites in sequences of published Ostreococcus 

transcription factors was also assessed visually (Weirauch et al., 2014). 

2.11 PhytoPAM analyses 

Cell cultures were grown and acclimated to low level (4mol photons m-2 s-1) 

monochromatic light for 72 hours under the same conditions and to the same densities 

as those of the original RNASeq experiment to allow comparison. Each sample was 

removed from monochromatic light just before measurement so that no sample was 

kept in darkness for more than 5 minutes prior to the pulse-amplitude modulation 

(PhytoPAM) measurements. Cultures were diluted 5-fold before analysis to avoid 

saturation of the signal. 

A Walz Phytoplankton Analyzer PhytoPAM fluorometer was used to analyse 

photosynthetic parameters. In order to determine the maximum quantum yield of 

photosystem II (PSII) photochemistry (Fv/Fm), samples were kept in darkness in the 

cuvette for 5 minutes, so that the primary electron acceptor would be fully oxidised 

and a basal fluorescence level (F0) could be measured. Then, a saturating pulse at 

maximum intensity was applied with 5 second intervals and maximum fluorescence 

(Fm) was measured.  

To determine the effective quantum yield of PSII photochemistry (ΦPSII), samples were 

subjected to increasing levels of photosynthetically active radiation (PAR) at 0, 3, 6, 

36, 94, 124, 184, 213, 270, and 298mol quanta m-2 s-1 at 120s intervals so that the Ft 

(the fluorescence steady state also known as Fs) could stabilise. ΦPSII was calculated as 

(Fm’-Ft/Fm’) using the Phyto-Win software (V 2.13). The Phyto-Win software also 

calculated the relative electron transport rate (rETR) as Yield x PAR x 0.5 x 0.84 μmol 

electrons m-2s-1, where the 0.5 coefficient assumes that only half the PAR is distributed 

to PSII, and the 0.84 coefficient accounts for relative absorptivity of incident light. 

These constants are the same as those used for higher plants and don’t represent 

absolute ETR but allow comparison of measurements taken using the same methods. 

Phyto-Win uses the Platt curve fitting model to provide alpha values and IK values 

from the light curve data (Platt et al., 1980). The alpha value describes the efficiency 

of light absorption as represented by the maximal PSII quantum yield. Alpha is taken 

as the initial slope of the light response curve (rETR vs PAR). The IK value describes 

the irradiance level at the onset of light saturation (alpha/rETR max). 
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2.12 Pigment analysis 

10ml of each cell culture was then harvested onto GF/F Glass Microfiber filters using 

a vacuum pump. The filters were immediately flash frozen in cryovials in liquid 

nitrogen and stored at -80oC until they were shipped on dry ice for analysis.  

The samples were sent to the Danish Hydraulic Institute (DHI) Group laboratory in 

Denmark, where analysis was carried out by high performance liquid chromatography 

(HPLC) as described by (Van Heukelem and Thomas, 2001, Hooker and Center, 

2005), using pigments with known absorption spectra and relative retention times as 

standards to correct for errors such as those introduced by variations in solvent 

evaporation. The following pigments were quantified using pigment standards: 

chlorophyllide b, MgDVP (Mg-2,4-divinyl pheoporphyrin a5 monomethylester), 

chlorophyllide a, neoxanthin, prasinoxanthin, violaxanthin, antheraxanthin, 

zeaxanthin, lutein, chlorophyll b (chl-b), chlorophyll a (chl-a), pheophytin a, α-

carotene, and β-carotene. Pigment standards were not available for uriolide, 

micromonal, dihydrolutein, and the unknown carotenoid previously described in 

Ostreococcus, so these were tentatively determined using the response factor of β-

carotene. Two chlorophyll b-like pigments were also detected in the RCC809 ecotype. 

Their abundance was calculated using the chlorophyll b response factor. These 

chlorophyll b-like pigments were not detected in OTH95.  

The depoxidation state was calculated as (Z + 0.5A)/(V + A + Z), where Z is 

zeaxanthin, A is antheraxanthin and V is violaxanthin according to (Munné-Bosch and 

Cela, 2006). The xanthophyll to chl a ratio was calculated as Z+A+V/chl a. 

2.13 Measurement of cell size 

Samples of each culture were diluted to around 1 million cells ml-1. Pluronic acid 

(0.1% final) was added to reduce cell clumping, and samples were mixed by vortexing. 

Samples were analysed by flow cytometry immediately after harvest, so that fixation 

was not necessary. Fluoresbrite Multifluorescent beads with an average diameter of 

0.5m were used as reference in order to obtain comparative cell size estimates. A 

Beckman Coulter CytoFlex flow cytometer was used to determine cell size as the size 

of the FSC-A (forward scatter area) plotted against SSC-A (side scatter area) and 

compared to the size of reference beads (gated singlet population). Measurements were 

taken before and after the addition of the size reference beads and blank Keller medium 



 

  

 

27 

was also used for comparison. Samples were run through the flow cytometer at a 

‘slow’ rate to reduce the likelihood of aggregate cells being recorded as a single 

‘event’. CytExpert software version 2.4 was used to visualise the data.  
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Chapter 3: Transcriptomic responses to light 

quality 
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3.1 Introduction 

Light is a source of energy for photosynthetic algae and the ability to sense and respond 

to its parameters such as intensity and wavelength provides adaptive advantages, such 

as the ability to increase photoprotection on exposure to high light intensities or 

increasing light capture in light limiting environments (Fortunato et al., 2016, Tardu 

et al., 2016, Demir-Hilton et al., 2011, Beel et al., 2012, Forbes-Stovall et al., 2014). 

Responses to monochromatic light qualities in terms of growth rate, cell size, and gene 

transcription were investigated in the coastal and lagoon associated Ostreococcus 

OTH95 and the ocean associated Ostreococcus RCC809 sourced from deep (105m) 

water. Ostreococcus ecotypes have been described in terms of their growth responses 

to light intensity, but responses to specific light qualities in terms of growth, gene 

expression, and physiological changes had not previously been examined (Demir-

Hilton et al., 2011). Transcriptional analyses have previously been used for OTH95 to 

investigate responses to iron limitation and light dark cycles, demonstrating rhythmic 

expression of circadian clock genes (Lelandais et al., 2016, Monnier et al., 2010). Light 

quality responses have been investigated in other phytoplankton; for example, 

measurements of cell composition in the diatom Thalassiosira rotula and the green 

alga Dunaliella tertiolecta, after acclimation to blue or red light, demonstrated changes 

in protein, lipid, and carbon metabolism in response to light quality and that these 

changes were complex and dependant on species. However, changes in growth rate or 

cell size were not seen (Rivkin, 1989). This study’s author cautions against directly 

comparing studies of light quality responses due to minor differences in wavelengths 

applied; they also adjusted the intensity of the light treatments according to the relative 

ability of each species to absorb those wavelengths. Despite this, the study does show 

a precedent for light quality induced metabolic changes in photosynthetic algae. The 

analyses in this chapter demonstrate distinct light quality responses in Ostreococcus 

which differ between the two ecotypes. The functional analysis of genes which showed 

light quality responsive changes in transcription allowed an overview of light quality 

induced changes in metabolism. 

 

The aim of the work in this chapter was to test whether Ostreococcus exhibits 

responses to light quality, and whether there are differences in response between 

shallow and deep water associated ecotypes. 
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This was addressed through the following objectives: 

• To test the effects of light quality on growth rate and cell size 

• To investigate the effects of light quality on the cell transcriptome and analyse 

light quality responsive genes in terms of function 

• To compare light quality responses of the RCC809 and OTH95 ecotypes 

 

3.2 Methods 

3.2.1 Growth rates 

To compare the ability of the two Ostreococcus ecotypes, OTH95 and RCC809, to 

grow under different monochromatic light qualities, a growth rate experiment was 

carried out. Ostreococcus ecotypes were grown as described previously (section 2.2) 

until cell densities reached 4 x 106 cells ml-1 at which point they were transferred to 

4mol photons m-2 s-1 of monochromatic red, green, or blue light treatments and 

growth (change in cell number as approximated by optical density) followed for two 

weeks thereafter.  

3.2.2 Cell size 

To determine whether the measured differences in growth rate under monochromatic 

light were associated with changes with cell size, flow cytometry measurements of 

forward scatter signal height (FSC-H) were carried out. Full details in section 2.13. 

FSC-H has been shown to positively correlate with cell size, although this relationship 

is not necessarily directly proportional, and chlorophyll a fluorescence as detected by 

forward scatter has previously been used as a cell growth and biomass measure in 

OTH95 (Mullaney et al., 1969, Model, 2018, Chretiennot-Dinet et al., 1995). 

Fluoresbrite Multifluorescent beads with an average diameter of 0.5m were used as 

calibration to allow comparison of relative cell size between light conditions and 

strains. Measurements of cell size were taken after 72 hours acclimation to the 

monochromatic light treatments.  

 

All measurements were taken in triplicate. Significance was determined using an 

ANOVA and subsequent student’s t-tests and the level of significance was assessed as 

p=<0.05. 
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3.2.3 GO annotation 

To enable a GO enrichment analysis, existing genome annotations for both ecotypes 

were supplemented on the basis of sequence homology. A genome wide basic local 

alignment search (BLAST) was carried out to identify homologues in other organisms. 

The GO annotations from these homologues were combined with GO terms and 

descriptions for Ostreococcus genes from the InterPro database using the BLAST2GO 

program, then compared with existing annotations for the OTH95 v2 genome and the 

RCC809 v2 genome, (Blanc-Mathieu et al., 2014, Palenik et al., 2007, Derelle et al., 

2006). Manual BLAST searches were carried out to investigate gene function further 

where there were discrepancies. Genome-wide, 85% of OTH95 genes and 83% of 

RCC809 genes were assigned GO terms. Further details on the methods of the genome 

annotations are given in section 2.8. 

3.3 Results  

3.3.1 Effects of light quality on growth rates and cell size 

It was expected that RCC809 would have a higher growth rate and yield under blue 

light, the predominant light quality in its open ocean source environment, while 

OTH95 was not expected to differ greatly in its light responses as the light quality in 

its shallow source environment is less variable with depth. Both RCC809 and OTH95 

showed growth in the three light treatments (Figure 3.1). As expected, the growth of 

RCC809 in blue light was significantly faster than under red and green light. In 

contrast, OTH95 showed a similar growth rate in all light treatments, although this was 

slightly slower under red light (Table 1.1). These data present evidence for light quality 

responses in Ostreococcus. The different growth rates of RCC809 under 

monochromatic light demonstrates the ability of this ecotype to respond to different 

light qualities, and that the blue light response is distinctive from red and green 

responses. The lack of significantly different growth rates in OTH95 also shows that 

the two ecotypes differ in terms of their light quality responses.  
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Figure 3.1 Comparative growth under constant monochromatic light (4mols-1m-2).  

(a) RCC809 (b) OTH95 Letters indicate significant (p < 0.05) comparisons based on ANOVA and student’s t-tests 

between light responses R red, G green, and B blue. Letters in bold if p < 0.01. 
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Table 3.1 Growth rate and numbers yielded by light quality condition 

Growth rate over 14 days OD
550nm

d
-1  

Ecotype 
Light treatment RCC809 OTH95 
Red 73.8 ± 6.30 x 10-5 

P < 0.04 vs green 
126 ± 18.9 x 10-5 

Green 116 ± 22.5 x 10-5 147 ± 9.01 x 10-5 
Blue 237 ± 20.8 x 10-5  

p < 0.0025 vs red  

p < 0.0025 vs green 

169 ± 27.4 x 10-5 

Cell numbers ml-1 yielded after 14 days approximated by OD 
Red 24.7 ± 1.02 x 106  39.3 ± 3.05 x 106  
Green 36.4 ± 3.64 x 106  45.1 ± 1.46 x 106  
Blue 76.2 ± 3.58 x 106  51.3 ± 4.44 x 106  

 

Previous studies of the cell size of Ostreococcus species showed that RCC809 has a 

smaller cell volume (approximately 2.45 µm3) than OTH95 (approximately 2.72 µm3) 

(Botebol et al., 2017). Cell size differences between ecotypes in these light quality 

experiments were consistent with those described in previous studies. No significant 

changes in cell size as a response to light quality were found in either OTH95 or 

RCC809 (Figure 3.2).  
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Figure 3.2 Cell size determination using flow cytometry. 

 These are examples of single replicates representative of samples measured. Forward scatter height (FS-H) vs area 

(FS-A) is used to discriminate doublets in (a) RCC809 and (d) OTH95. The phycoerythrin area channel (PE-A) 

which detects yellow fluorescence vs forward scatter area effectively separated the singlet bead populations from 

the larger values of aggregate calibration beads in (b) RCC809 and (e) OTH95 and singlet beads. Histogram of 

forward scatter height shows a representative distribution of individual cells in the sample in (c) RCC809 and (f) 

OTH95. Cell sizes as estimated using mean cell FSC-H / mean singlet bead FSC-H. The light responses seen did 

not differ significantly within the ecotypes but (g) RCC809 is much smaller than (h) OTH95 

 

The generally smaller cell size of RCC809 is likely due to nutrient limitation 

experienced in the oligotrophic ocean environment as compared to the nutrient rich 

Thau Lagoon from which this OTH95 strain was isolated. In previous work OTH95, 

and to a lesser extent RCC809, were shown to reduce cell volumes in response to iron 
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limitation (Botebol et al., 2017). Thus, light quality does not appear to affect the cell 

size of either Ostreococcus ecotype analysed here. Instead, at least in the OTH95 

ecotype, cell size is likely predominantly controlled by nutrient availability. 

3.3.2 Transcriptomic analyses of the light quality response 

To assess whether Ostreococcus responds to changes in light quality through changes 

in gene expression, and also to compare the potentially different responses of RCC809 

and OTH95 ecotypes, responses to monochromatic red, green, and blue light exposure 

were analysed using RNA sequencing (RNASeq). An overview of the experimental 

conditions under which these data were obtained is shown in Figure 3.3 and full details 

can be found in sections 2.5-2.6. Briefly, cells were grown under 12-hour light/dark 

cycles of white light until they reached mid to late log phase. At this point they were 

transferred to constant red, green, or blue monochromatic light as applied during the 

growth and cell size experiments. After 72 hours exposure to monochromatic light the 

cultures were harvested, RNA was extracted and used for RNASeq analysis. This work 

was completed by Sian Davies. Downstream analyses were carried out by myself. Two 

samples, one from each ecotype, showed less than 80% alignment to the reference 

genomes, suggesting contamination. Another in RCC809 gave a low number of reads, 

approximately 120,000 compared to around 10 million reads for the other samples. 

These samples were discarded from further analyses. 

 

 

To generate pairwise comparisons of gene expression for the RNASeq data, 

downstream processing was carried out as described in section 2.7 using the Fastqc, 

Trimmomatic, TopHat, and CuffDiff tools in the Tuxedo suite. These pairwise 

comparisons were in the form of expression levels sorted by log2 fold change between 

each pair of light conditions. The pairs were: red versus blue light, green versus blue 

light, and red versus green light.  

Figure 3.3 RNASeq differential expression analysis from culture growth conditions to data gathered 
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3.3.3 Transcriptional responses of RCC809 

In the deep ocean associated RCC809 ecotype, 1997 genes were found to be 

significantly differentially expressed between red, green, and blue light conditions, 

based on q values less than 0.05 and a log2 fold change greater than 0.5. These genes 

and their expression values are described in Appendix 1. RCC809 showed a specific 

transcriptional response to each of the light conditions, as illustrated by the principal 

component analysis (PCA) of the significantly differentially expressed genes in each 

sample and replicate (Figure 3.4a), which clusters the replicate samples by the major 

components of variation, demonstrating the response to blue light as the most distinct 

and the responses to red and green light as more similar. The specificity of these 

responses is further illustrated in terms of numbers of differentially expressed genes 

in pairwise comparisons between light conditions (Figure 3.4b). The largest numbers 

of differentially expressed genes were seen in comparisons of blue light to the other 

conditions. Here the numbers are genes which were more highly expressed in: blue 

versus red (1368), and blue versus green (1553). Comparison between red and green 

light conditions yielded fewer differentially expressed genes (350) (Appendix 2). 

There is some overlap as some of the light responsive genes appear in more than one 

pairwise comparison which explains why the sum of these numbers of genes is larger 

than the total. 
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Figure 3.4 RCC809 visualisation of differentially expressed genes 

. (a) Principal component analysis of expression data for each replicate, data for significantly differentially 

expressed genes shown only. (b) Total numbers of significantly differentially expressed genes identified as induced 

when compared pairwise between light quality treatments. 
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To identify responses specific to each light quality, genes which were significantly 

induced or repressed in that condition relative to both other light qualities were 

identified. For example, the expression level of genes identified as induced by blue 

light (‘up in blue’) showed positive fold-change values in both the ‘blue versus red’ 

and the ‘blue versus green’ lists of differentially expressed genes. Figure 3.5a-f shows 

how this was achieved for RCC809 using Venn diagrams in which the responses to 

specific wavelengths of light were identified as those genes present in the Venn 

intersections. Figure 3.5g shows the resultant numbers of responsive genes in 

RCC809.  
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Figure 3.5 Separation of differentially expressed gene sets in RCC809 by light condition. 

 Pairwise comparisons were separated using Venn diagrams. The Venn diagrams are the derivations of the specific 

RCC809 responses to: (a) Up in blue light. (b) Down in blue light. (c) Up in red light. (d) Down in red light. (e) Up 

in green light. (f) Down in green light. Venn diagrams were generated using the Venny tool (Oliveras, 2015). (g) 

Total numbers of significantly differentially expressed genes (DEGs) in RCC809 after separation by light response. 
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For RCC809, the largest numbers of light responsive genes identified were those 

specific to the blue light response (536 induced and 472 repressed by blue light, 

relative to red and green). The fewest light responsive genes were found in response 

to red light (32 induced, and 14 repressed by red light relative to blue and green). The 

green light response was intermediate in terms of the number of light responsive genes 

(60 induced, and 159 repressed under green light relative to blue and red) Appendix 2.  

The specificity of these responses is illustrated by the heatmap in Figure 3.6. This 

indicates the size of the fold change for each significantly differentially expressed gene 

and each sample, compared to a mean of all conditions and replicates. The heatmap 

further illustrates that gene expression is most dissimilar between blue and green light 

conditions, and that the red and green responses are the most similar.  
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Figure 3.6 Heatmap of significantly differentially expressed light quality responsive genes in RCC809.  

Heatmap generated by log FPKM compared between light condition and replicates. Rows are clustered by Jensen-

Shannon distance. Blue areas indicate a positive fold change resulting from higher expression compared to the 

negative fold change indicated by the yellow areas.   

 

3.3.4 Functional interpretation of the RCC809 transcriptomic light response  

To gain an insight into physiological responses that may be triggered by different light 

qualities, the differentially expressed genes identified by the RNASeq analysis were 

then investigated according to their functional annotations. To determine whether 

specific functional categories were overrepresented within a set of light-responsive 

genes compared to the genome as a whole, a gene ontology (GO) enrichment analysis 
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was carried out. This allowed an objective overview of the likely functional 

consequences to the cells of the light quality specific changes in gene expression.  

The most significantly overrepresented GO terms within the umbrella category of 

‘biological processes’ in the RCC809 light quality-responsive genes are summarised 

in Tables 3.2 to 3.4, and the full tables are reproduced in Appendix 3. There was some 

overlap across categories as many genes are annotated with multiple GO terms.  

 

These analyses indicated biological processes affected by light quality as summarised 

in Figure 3.7a. The description of the functional changes resulting from gene 

expression was limited by the depth of GO annotation available for the genes. To 

elucidate some of these functions in RCC809, the results were compared to those 

found when marking all the differentially expressed genes which code for enzymes 

onto KEGG metabolic pathway maps (Kanehisa and Goto, 2000). Pathway mapping 

using KEGG was carried out by searching for the homologues of the RCC809 enzymes 

in OTH95 as RCC809 is not yet listed on KEGG. These homologues were determined 

using a reciprocal genome-wide BLAST between the ecotypes and assessed on the 

basis of homology with a minimum of 50% identity between genes. A summary of the 

functional changes suggested by these differentially expressed enzymes in RCC809 

shows the same light responses as those in the GO enrichment with some added 

clarification (Figure 3.7b). Selected KEGG pathway maps showing key light quality 

responses have been reproduced here; the enzymes within these pathways which have 

Figure 3.7 Summary of main functions in light quality responsive transcriptional changes in RCC809 

 identified by (a) GO enrichment. (b) mapping differentially expressed enzymes homologous to OTH95 

metabolic pathways on KEGG (Kanehisa et al, 2000).  
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been identified in Ostreococcus are shaded in greyscale. Enzymes which have been 

noted as differentially expressed have been highlighted and annotations for these genes 

are also listed (Figures 3.11-3.20). These pathway maps will be discussed individually 

in the following pages.  

This combined approach to the functional analysis was particularly useful for 

investigating the changes in glycolysis/gluconeogenesis in blue light, indicating that 

glycolysis increased in blue light while starch biosynthesis decreased in blue light 

compared to red and green light. The expression of genes related to DNA replication, 

chromosome organisation, and nitrogen transport decreased under green light and 

increased under blue light. Genes related to the TCA cycle also increased under blue 

light. Other key genes associated with macromolecular synthesis were downregulated 

after blue light exposure compared to red and green, including those related to 

synthesis of chlorophyll and some accessory pigments. Genes related to lipid synthesis 

and phylloquinone biosynthesis also decreased under blue light.  
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Table 3.2 Selected significantly overrepresented functional categories in RCC809 green light responsive 

genes 

Functional Categories: 

Biological Process 

Corrected 

p-value 

Number of 

genes in 

this 

category 

in set 

Number of 

genes in 

this 

category in 

genome 

Total 

genes in 

test set 

Total 

Bio 

Process 

genes in 

Genome 

Downregulated in green light      

DNA replication 5.75E-10 18 89 101 4247 

DNA duplex unwinding 1.08E-02 5 24 101 4247 

Nitrate transport 1.84E-02 2 2 101 4247 

 

 
Table 3.3 Selected significantly overrepresented functional categories in RCC809 red light responsive genes 

  

Functional Categories: 

Biological Process 

Corrected 

p-value 

Number of 

genes in 

this 

category 

in set 

Number of 

genes in 

this 

category in 

genome 

Total 

genes 

in test 

set 

Total Bio 

Process 

genes in 

Genome 

Upregulated in red light      

NADPH regeneration 2.56E-03 4 29 25 4247 

Nicotinamide nucleotide 

metabolic process 
4.02E-03 4 41 25 4247 

Glycolysis 1.29E-02 3 33 25 4247 

Gluconeogenesis 1.45E-02 3 37 25 4247 
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Table 3.4 Selected significantly overrepresented functional categories in RCC809 blue light responsive genes 

Functional Categories: 

Biological Process 

Corrected 

p-value 

Number of 

genes in 

this 

category 

in set 

Number of 

genes in 

this 

category in 

genome 

Total 

genes 

in test 

set 

Total Bio 

Process 

genes in 

Genome 

Upregulated in blue light      

Cellular response to stress 7.30E-03 29 204 262 4247 

DNA-dependent DNA 

replication 
7.81E-03 11 42 262 4247 

Chromosome segregation 1.95E-02 7 21 262 4247 

Tricarboxylic acid cycle 2.20E-02 9 37 262 4247 

Downregulated in blue light      

Pigment biosynthetic process 1.56E-07 18 47 273 4247 

Chlorophyll biosynthetic 

process 
9.29E-07 11 19 273 4247 

Glycolysis 3.89E-03 9 33 273 4247 

Gluconeogenesis 7.91E-03 9 37 273 4247 

Carotenoid (tetraterpenoid) 

biosynthetic process 
1.04E-02 5 12 273 4247 

Nicotinamide nucleotide 

metabolic process 
1.49E-02 9 41 273 4247 

Lipid biosynthetic process 1.58E-02 18 126 273 4247 

Photosynthesis 2.45E-02 15 101 273 4247 

Glucan biosynthetic process 4.67E-02 4 11 273 4247 

Reductive pentose-phosphate 

cycle 
4.67E-02 2 2 273 4247 

Endosome organization 4.67E-02 2 2 273 4247 

Phylloquinone biosynthetic 

process 
4.67E-02 2 2 273 4247 
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3.3.5 Cell cycle genes increase in blue light 

Functional categories related to the cell cycle which were induced under blue light and 

repressed under red and green light, including DNA replication, DNA repair and 

chromosome segregation (Table 3.5). Cell cycle genes including those related to DNA 

replication were also repressed under green light compared to red and blue light. This 

suggested that blue light may induce cell division, green light may inhibit it, and red 

light may have an intermediate effect.  

Of particular note is the cyclin-dependent kinase B gene (Od14g01080) which is key 

in the regulation of mitotic cell division. Expression of this gene increased in blue light 

and decreased under green light, with intermediate levels seen under red light (Figure 

3.8a). Transcription of the cyclin-dependant kinase B gene in OTH95 (OtCDKB) is 

induced during cell division in OTH95, peaking during the DNA synthesis S phase 

(Farinas et al., 2006, Corellou et al., 2005). The increased expression of this gene in 

blue light is consistent with the faster growth rate observed in blue light, relative to 

red and green light. The OTH95 cyclin-dependent kinase A gene (OtCDKA) has also 

been described and it was shown that expression of this gene did not vary across cell 

cycle stages (Farinas et al., 2006, Corellou et al., 2005). As could then be expected, its 

proposed homologue in RCC809 (Od04g05410) showed no expression changes in 

response to light quality.  

Two Rad51 homologues (Od08g01730 Figure 3.8c, and Od06g06460), encoding 

recombinases involved in double strand repair during DNA replication, also increased 

expression under blue light. In yeast, homologous recombination is suppressed during 

the growth phase G1 and Rad51 is activated during S phase, through phosphorylation 

by a cyclin-dependant kinase (Lim et al., 2020). The upregulation of Rad51 under blue 

light is again consistent with the observation that cell division is induced in blue light 

compared to the red and green light conditions. 
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Figure 3.8 Cell cycle gene expression. 

 Cyclin-dependent kinase: (a) RCC809 Od14g01080 showing significant rise in blue light. Log2 fold 

change between blue and green is 2.36. (b) OTH95 homologue ostta15g00670 showing no significant 

light response. RAD51 DNA recombination: (c) RCC809 Od08g01730 showing significant rise in blue 

light. Log2 fold change between blue and green is 1.87 (d) OTH95 homologue ostta08g01800 showing 

no significant light response. Letters indicate significant (p=<0.05) differences after false discovery rate 

correction with either red (R) red, green (G), and blue (B) conditions 
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Table 3.5 Light quality responsive genes related to the cell cycle 

Light response  Genes  Number of genes referencing cell cycle related terms 

 Down blue   6 

1 DNA replication      

4 Cell cycle 

2 Cell division 

 Up blue   37 

19 DNA replication 

16 Cell cycle 

5 Chromosome  

7 Cell division                            

 5 Repair 

 Down green  19 

18 DNA replication     

 6 Cell cycle 

1 Chromosome 

 Up red  2 
 1 DNA replication       

 1 Cell cycle 

  

Table 3.5 summarises the individual annotations of light responsive genes related to 

the cell cycle within the parent categories highlighted in the enrichment analysis. As 

this table shows, some cell cycle related genes also decreased in expression under blue 

light. Further investigation is required to determine the effects of these changes on cell 

division.  

 

 
Table 3.6 Annotations of key light responsive cell cycle related genes 

Light 
response Gene Description 

Down in blue Od01g01520 Single-stranded DNA-binding protein, DNA replication 

Down in blue Od05g01780 DNA replication licensing factor, protein ubiquitination 

Down in blue Od07g01730 Lysine-specific demethylase 8, protein binding 

Down in blue Od07g02050 Predicted, GTPase activity, chloroplast fission, cell division 

Down in blue Od07g04740 Cell division FtsY homolog, chloroplastic, GTP binding 

Down in blue Od10g01360 Resistance-nodulation-cell division superfamily 

Down in green Od01g04460 DNA replication licensing factor Mcm6, helicase 
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Down in green Od02g01320 DNA replication licensing factor Mcm7 helicase 

Down in green Od02g01330 DNA replication licensing factor Mcm7 helicase 

Down in green Od02g02310 DNA replication licensing factor Mcm3 helicase 

Down in green Od05g00150 Replication factor C subunit 3 DNA replication 

Down in green Od10g01480 ATP-dependent helicase/nuclease DNA2 isoform X1, 5'-flap 
DNA replication, Okazaki fragment processing 

Down in green Od17g03020 P4 family, helicase activity, ATP binding, DNA replication 

Up in blue Od01g02860 Histone H3, nucleosomal DNA binding, meiotic chromosome 
separation 

Up in blue Od02g03320 Predicted, peptide dephosphorylation, positive regulation of 
cell cycle, G2/M phase transition 

Up in blue Od02g03690 Serine/threonine-protein kinase 24, regulation of cell cycle 

Up in blue Od02g03890 Condensin complex component, non-smc subunit, mitotic 
chromosome condensation, cell division 

Up in blue Od03g01380 Predicted, replication, recombination, 3'-5' helicase activity 

Up in blue Od04g04750 Group J -like protein, DNA helicase, replication fork 

Up in blue Od06g00290 Predicted protein, binding, cell division 
Up in blue Od06g04320 Predicted protein, DNA binding, replication 

Up in blue Od08g00520 DNA replication, cell death, regulation of cell cycle 

Up in blue Od08g01730 
RAD51 homolog, regulation of transcription, double-strand 
break repair, recombination-dependent replication fork 

Up in blue Od09g01440 Predicted protein, mitotic cell cycle, centromeric region 

Up in blue Od09g03260 Predicted protein, regulation of cell cycle 
Up in blue Od12g01680 Probable DNA helicase MCM8, DNA replication initiation 

Up in blue Od12g02990 Ribonuclease HII, RNA-DNA hybrid activity, mismatch repair, 
removal of RNA primer 

Up in blue Od20g01820 Predicted, heterochromatin assembly involved in chromatin 
silencing, mitotic DNA replication 

Up in blue  
Down green Od04g00830 Predicted, DNA replication initiation 

Up in blue  
Down green Od04g04360 Predicted, DNA replication initiation, cell division 

Up in blue  
Down green Od06g02850 Leading strand elongation, mismatch repair, DNA pol 

Up in blue  
Down green Od07g02890 Predicted, anaphase-promoting complex, regulation of mitotic 

metaphase/anaphase transition, cell division 

Up in blue  
Down green Od08g00650 DNA pol catalytic subunit, synthesis of RNA primer; DNA 

replication initiation, lagging strand elongation, transcription 
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Up in blue  
Down green Od11g01890 Probable DNA primase large subunit, DNA replication, 

transcription 
Up in blue  
Down green Od11g02480 DNA polymerase alpha subunit B, DNA replication 

Up in blue  
Down green Od12g02680 DNA topoisomerase 1 beta, DNA replication, chromatin 

remodelling, chromosome segregation, replication fork 

Up in blue  
Down green Od13g01180 DNA primase small subunit isoform X2, DNA replication, 

transcription, DNA-templated 

Up in blue  
Down green Od14g01080 Predicted, G1/S mitotic cell cycle, cyclin-dependent kinase 

activity, regulation of G2/M mitotic cell cycle 
Up in blue  
Down green Od17g01560 Replication protein A 70 kDa DNA-binding subunit B, DNA 

repair; DNA recombination 
Up in blue  
Down green Od20g01140 Predicted, DNA helicase, DNA replication initiation, MCM 

complex, cell division 

Up in red Od04g04480 Predicted, histone methyltransferase (H3-K79 specific), 
regulation of cell cycle 

Up in red Od10g02070 DNA replication, helicase, nucleoside-triphosphatase 

  

Table 3.6 lists key individual genes which were included in the light responsive cell 

cycle categories and also gives a summary of the available gene annotations. The level 

of depth of annotation for each gene’s function is much more specific in some cases 

than others. It was necessary to take this into account when drawing conclusions on 

the likely functional changes in response to light. For example, gene Od07g04740 was 

listed as a cell division gene which was downregulated in blue light but is annotated 

as a ‘chloroplastic FtsY precursor’ and, according to UniProt, this protein is more 

likely to be involved in thylakoid binding in the chloroplast than in cell division (The 

UniProt Consortium, 2020). Table 3.6 also shows that the genes in the cell cycle 

categories which were downregulated in green light are of a similar nature, being 

mostly DNA replication licensing factor mini-chromosome maintenance (MCM) 

helicases. These proteins are required to license chromatin for replication before the S 

phase of DNA synthesis can begin, and they are activated by cyclin-dependant kinases 

(Tuteja et al., 2011). Of the 9 genes annotated as MCM in RCC809, 4 were 

downregulated in green light: MCM3, MCM6, and two consecutive MCM7 genes. 

MCM7 in particular has been shown to be essential for replication in Arabidopsis 

(Springer et al., 2000). One further gene annotated as a probable MCM8 was 

upregulated in blue light. The MCM complex of MCM2-7 controls the initiation of 

‘once per cell cycle’ DNA replication (Moyer et al., 2006, Evrin et al., 2009, Remus 

et al., 2009). The functions of all MCM proteins have not been fully characterised in 
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plants (Tuteja et al., 2011). MCM gene expression during the cell cycle in OTH95 has 

been investigated and it was found that MCM2-7 all showed maximal expression 

levels during the S phase (Moulager et al., 2007). The light quality responses of MCMs 

3, 6,7, and 8 seen here strengthen the suggestion of decreased cell cycle activity as a 

response to green light when compared to both red and blue conditions. The cell cycle 

has been found to be regulated in Ostreococcus according to the photoperiod length; a 

minimum of 6 hours of light was required before division initiated in OTH95 (Monnier 

et al., 2010, Farinas et al., 2006). This shows that light parameters can drive changes 

in the cell cycle. It can be concluded that blue light induces increased cell division in 

RCC809, an intermediate response is possible in red light, and cell division is reduced 

on exposure to green light. When comparing these changes in expression to the growth 

rate data, the increased level of cell division correlates with the observed faster growth 

in cell numbers in blue light (Figure 3.1a). 

 

3.3.6 Photosystem related gene transcription changes in response to blue light 

Both of the RCC809 genes annotated as enzymes involved in the synthesis of 

phylloquinone (vitamin K1) precursors were downregulated under blue light. These 

are Od07g04840 and Od20g02670. Phylloquinone is a photopigment which acts as a 

cofactor in Photosystem I (PSI). Changes in photosystem II (PSII) were also indicated; 

8 genes predicted to encode PSII assembly proteins were found to be light quality 

responsive and of these the expression of 6 increased in blue light while the expression 

of 1 decreased in blue (Table 3.7). The relative importance of these 8 genes in PSII 

assembly is unknown although overall this suggests an increase in PSII content in blue 

light.  
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Table 3.7 RCC809 PSII-related light quality responsive genes 

Light 
response Gene Description 

Up blue  Od04g05310 Predicted protein, photosystem II assembly 

Up blue  Od07g00100 Photosystem II 22 kDa protein, chloroplastic 
Up blue  Od02g04230 Putative photosystem II 22 kDa protein, high light induced  
Up blue 
versus red Od06g01970 Photosystem II S4 domain protein 
Up blue 
versus red Od02g00750 PsbP domain 7, photosystem II oxygen evolving complex 
Up blue 
versus green Od11g00160 Photosystem II reaction centre PSB28, 13kD Protein 

Down blue Od14g01690 Predicted, Mog1/PsbP, photosystem II oxygen evolving 
complex 

 

3.3.7 Chlorophyll and pigment synthesis decrease in blue light  

It is clear that numerous pathways involved in chlorophyll and pigment synthesis are 

responsive to light quality in RCC809, these responses are most apparent when 

comparing blue light to red and green. The transcriptional changes annotated on the 

‘porphyrin and chlorophyll metabolism’ KEGG map indicate that synthesis of 

chlorophyll and porphyrin precursors are reduced under blue light in favour of 

catabolism to allow iron redistribution as ferritin (Figure 3.9). Ferritin expression 

peaks at night in Ostreococcus and the role of ferritin in the circadian control of iron 

homeostasis has been described as regulatory rather than as longer term iron storage 

as seen in similar species (Botebol et al., 2015, Lelandais et al., 2016).  

Seven genes in the terpenoid backbone biosynthesis pathway reduced expression 

levels under blue light, and one reduced expression in green (Figure 3.10). These genes 

encode enzymes involved in the conversion of glyceraldehyde to various precursors 

of pigment synthesis. These expression changes mapped onto the terpenoid and 

chlorophyll synthesis pathways together show that synthesis of photopigments in 

RCC809 is generally reduced in blue light as these pathways are upstream of the more 

specific pigment synthesis pathways. 
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Figure 3.9 Porphyrin and chlorophyll metabolism pathway 

 adapted from KEGG to show the transcriptional changes in response to light (Kanehisa and Goto, 2000). 
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Figure 3.10 Terpenoid backbone biosynthesis pathway adapted from KEGG 

 to show the transcriptional changes in response to light (Kanehisa and Goto, 2000). 
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More specific pigment changes in response to light quality are indicated by the 

‘carotenoid biosynthesis’ pathway KEGG map. This map also shows the position of 

the cytochrome P450 Od09g03950 homologue in OTH95 (ostta09g02540) in which it 

is annotated as the cytochrome CYP97C1 (Figure 3.11). CYP97C1 is in the CYP97 

carotene hydroxylase family which is responsible for the conversion of carotenes to 

lutein (Cui et al., 2013). The expression of this enzyme was lower in response to blue 

light than to red, and it is interesting to note that the green light response is an 

intermediate (Figure 3.12e-f). This suggests that lutein content would decrease in blue 

light relative to carotenes.  

 

 

 

Figure 3.11 Carotenoid biosynthesis pathway adapted from KEGG 

 to show the transcriptional changes in response to light (Kanehisa and Goto, 2000). 
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Figure 3.12 Carotenoid biosynthesis gene expression.  

Violaxanthin de-epoxidase in (a) RCC809 Od11g00170 showing significant rise in blue light (b) OTH95 

ostta16g00660 showing no light quality response. Zeaxanthin epoxidase in (c) RCC809 Od02g02570 showing 

rise in red light versus blue light (d) OTH95 ostta02g02500 showing no light quality response. Cytochrome 

P450, LUT1, CYP97C1, catalysing conversion of carotene to lutein (e) RCC809 Od09g03950 showing rise in 

red light versus blue light (f) OTH95 ostta09g02540 showing no response to light quality. Letters indicate 

significant (p=<0.05) differences after false discovery rate correction with either red (R) red, green (G), and 

blue (B) conditions. 
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A violaxanthin de-epoxidase gene (Od11g00170) increased under blue light compared 

to both red and green light (Figure 3.12a-b). This enzyme catalyses the conversion of 

violaxanthin to zeaxanthin in the xanthophyll cycle. Violaxanthin is converted to 

zeaxanthin in high light stressed plants to induce photoprotection using non-

photochemical quenching (NPQ). A gene annotated as coding for the zeaxanthin 

epoxidase enzyme was also found to increase in red light when compared to blue. 

Zeaxanthin epoxidase catalyses the reverse reaction; the conversion of zeaxanthin to 

violaxanthin (Figure 3.12c-d). These transcriptional changes suggest that the relative 

content of xanthophylls is affected by light quality in RCC809; an increase in 

zeaxanthin in response to blue light, an increase of violaxanthin in red light, and an 

intermediate xanthophyll balance in green light. 

 

 

The lycopene beta cyclase enzyme has not been assigned to a KEGG pathway, 

however this gene (Od20g00760) involved in carotenoid synthesis was found to 

decrease in blue light in RCC809 (Figure 3.13). Lycopene beta synthase (LYCB) 

appears to be encoded in the same gene as lycopene epsilon synthase (LYCE) in 

OTH95 and RCC809. These two synthases are also both encoded by a single gene in 

Ostreococcus lucimarinus which encodes a fused protein involved in the synthesis of 

alpha and beta carotenes, its overexpression increases the cellular content of both alpha 

and beta carotenes in tandem (Blatt et al., 2015). Due to this fusion of proteins involved 

in the synthesis of alpha and beta carotenes, it is not clear how the ratio of these two 

Figure 3.13 Lycopene β-cyclase (LCYB) gene expression. 

 (a) RCC809 Od20g00760 showing significant reduction in blue light (b) OTH95 ostta14g00700 showing no 

light quality response. Letters indicate significant (p=<0.05) differences after false discovery rate correction 

with either red (R) red, green (G), and blue (B) conditions. 
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carotene forms will be affected by decreased transcription although, as the study of O. 

lucimarinus showed, the general carotenoid content in the cell would likely be reduced 

after blue light acclimation as a result.  

These results suggest that synthesis of chlorophyll and some accessory pigments is 

reduced under blue light. Comparing the pathways shows that the light quality 

responsive synthesis of these photopigments is controlled at various stages of the 

metabolic pathways.  

 

3.3.8 Carbon metabolism changes in response to blue light 

The ‘carbon fixation’ KEGG pathway map highlights expression changes in three 

consecutive genes which encode the same protein sequence for the small subunit of 

RuBisCO (Figure 3.14). Two of these genes were downregulated in blue light 

compared to both red and green light treatments (Od17g01990 and Od17g02000), and 

the third gene was upregulated in red light when compared to green and blue 

(Od17g02010) (Figure 3.15a). This suggests that RuBisCO content increases in 

RCC809 in red light and is at its lowest in blue light with green light being an 

intermediate. The genes encoding the large RuBisCO subunit are part of the 

chloroplast genome which was not obtained due to the method of RNA extraction 

(Section 2.7). The gene encoding RuBisCO activase (Od04g02820) showed increased 

expression in red light when compared to blue light only. RuBisCO content has been 

found to increase in response to blue light when compared to red in higher plants 

including common bean and soy and to also increase in blue compared to both red and 

green in cucumber (Wang et al., 2009, Eskins et al., 1991, Sawbridge et al., 1993). The 

changes seen here in Ostreococcus RCC809 RuBisCO and in expression of other 

genes shown by the ‘carbon fixation’ pathway map show that carbon fixation is 

increased in response to red light, decreased in blue light, and that the green light 

response is an intermediate (Figure 3.14). Interestingly, a previous study of RCC809 

and OTH95 showed that RuBisCO protein content did not vary significantly in 

response to light intensity (Six et al., 2008). The RuBisCO activase gene 

(Od04g02820) was also significantly less expressed in blue light in RCC809 and not 

significantly differently expressed in OTH95 (Ostta04g02510) (Figure 3.15b-c). 

RuBisCO activase enhances the activity of RuBisCO by the removal of competitive 

inhibitors from the RuBisCO active site (Portis, 2003). 
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Figure 3.14 Carbon fixation pathway adapted from KEGG 

 to show the transcriptional changes in response to light (Kanehisa and Goto, 2000). 
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It is unclear from the ‘glycolysis/gluconeogenesis’ KEGG pathway mapping whether 

the changes listed in the GO enrichment test category as ‘glucose metabolism’ under 

blue light were most likely to specifically represent an increase in glycolysis or 

gluconeogenesis (Figure 3.16). The fructose-bisphosphatase gene (Od06g06980) 

which was downregulated in blue light, catalyses the conversion of fructose 1,6 

bisphosphate to fructose-6-phosphate, suggesting that these expression changes 

represent decreased gluconeogenesis in response to blue light. This conclusion is 

compounded by the response illustrated by the differentially expressed genes marked 

on the ‘starch and sucrose metabolism’ map which shows glycogen synthesis genes 

downregulated in blue light (Figure 3.17). These analyses suggest that energy storage 

Figure 3.15 Expression of RuBisCO small subunit and RuBisCO activase. 

 (a) RCC809 RuBisCO small subunit genes Od17g01990 and Od17g02000 which decreased expression in 

blue light and Od17g02010 which increased expression in red light (b) RCC809 RuBisCO activase 

Od04g02820 showing a significant reduction in blue light and (c) OTH95 RuBisCO activase ostta04g02510 

showing no significant response to light quality. . Letters indicate significant (p=<0.05) differences after false 

discovery rate correction with either red (R) red, green (G), and blue (B) conditions. 
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in the form of both starch and glucose is decreased in blue light in RCC809, which 

may be connected to the induction of cell division seen in this light quality. 

Figure 3.16 Glycolysis / gluconeogenesis pathway adapted from KEGG 

 to show the transcriptional changes in response to light (Kanehisa and Goto, 2000). 
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Differentially expressed enzymes map upstream of the ‘TCA cycle’ pathway which 

implicate an increase under blue light of the synthesis and subsequent catabolism of 

pyruvate (Figure 3.18). Although multiple blue light responsive enzymes map on to 

the TCA cycle pathway, the effects of this are unclear. Some of these enzymes are 

involved in multiple pathways and further investigation would be necessary to fully 

understand the physiological effects of these changes. For example, these pyruvate 

Figure 3.17 Starch and sucrose metabolism pathway adapted from KEGG 
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metabolism enzymes also map to the C4-dicarboxylic acid cycle (Figure 3.14). It is 

not yet known if Ostreococcus performs C4 photosynthesis although it does possess 

the necessary genes (Derelle et al., 2006). As CO2 increases with depth, and C4 

photosynthesis is more efficient in low CO2 environments, C4 photosynthesis might 

be downregulated under blue light as a signal of the higher CO2 levels associated with 

depth.  

 

 

Figure 3.18 Citrate cycle (TCA cycle) pathway adapted from KEGG 

 to show the transcriptional changes in response to light (Kanehisa and Goto, 2000). 
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3.3.9 Fatty acid synthesis decreases in blue light 

Several other KEGG pathway maps show related changes in metabolic pathways. The 

‘fatty acid biosynthesis’ map (Figure 3.19) shows how a decrease of four genes 

encoding enzymes under blue light (and one gene which increased under red light) 

may be responsible for a decrease in the synthesis of a number of fatty acids in this 

pathway. The green light response is intermediate between the red and blue light 

responses. As with the reduction in energy storage in the form of starch and glucose 

in blue light in RCC809, this reduction in fatty acid synthesis may be connected to the 

induction of cell division seen in this light quality. 

 

 

Figure 3.19 Fatty acid biosynthesis pathway adapted from KEGG 

 to show the transcriptional changes in response to light (Kanehisa and Goto, 2000). 
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3.3.10 Amino acid synthesis decreases in blue light 

Changes in expression levels of enzymes involved in the synthesis of various amino 

acids were also noted in RCC809 (Appendix 4). In general, the trend is of a decrease 

under blue light in the expression of genes encoding enzymes involved in amino acid 

biosynthesis. Under blue light there was a decrease in expression of genes related to 

the synthesis of the following amino acids: aspartate, valine, tryptophan, leucine, and 

lysine. Genes related to the synthesis of serine and asparagine increased expression in 

blue light. Together, these enzymes indicate that, as with fatty acid synthesis, protein 

synthesis is likely to be reduced in a blue light acclimated RCC809 culture. The 

‘pyrimidine metabolism’ KEGG pathway map also shows how enzymes upregulated 

under blue light are responsible for the synthesis of RNA and DNA (Figure 3.20). The 

increase in DNA synthesis in blue light is expected as an increase in cell division was 

indicated in this light quality by the GO enrichment analysis. This may also explain 

the reduction in energy storage and fat and protein synthesis as this is arrested in favour 

of cell division in blue light.  
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3.2.4 Transcriptomic analyses of the OTH95 light quality response  

The PCA of the OTH95 expression data shows a considerable overlap between red 

and blue light responses but some segregation from the green response (Figure 3.21b). 

When comparing the responses of replicates, this lack of distinction between the red 

and blue light responses appears to be due to two particularly similar samples, one 

from each light treatment. On further investigation, as illustrated by the heatmap in 

Figure 3.22, the differences within the red and blue replicate samples were greater than 

Figure 3.20 Pyrimidine metabolism pathway adapted from KEGG 

 to show the transcriptional changes in response to light (Kanehisa and Goto, 2000). 
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between the conditions and therefore it cannot be concluded that OTH95 responds 

differently to red or blue light quality treatments. The heatmap also shows how the 

maximum magnitude of the changes in gene expression between the light treatments 

is around twofold, smaller than the maximum of threefold changes seen for RCC809 

(Figure 3.22). A small number of genes (149) were identified by the differential 

expression analysis using CuffDiff as significantly repressed in green light compared 

to red and blue light, although it is unclear whether this due to variation in the red and 

blue light samples and it could not be concluded that these genes were part of a green 

light response. 

Figure 3.21 OTH95 visualisation of differentially expressed genes. 

 (a) Total numbers of significantly differentially expressed genes identified as induced when compared 

pairwise between light quality treatments. (b) Principal component analysis of expression data for each 

replicate, data for significantly differentially expressed genes shown only. 
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Figure 3.22 Heatmap of significantly differentially expressed genes in OTH95. 

 Heatmap generated by log FPKM compared between light condition and replicates. Blue areas indicate a positive 

fold change resulting from higher expression compared to the negative fold change indicated by the yellow areas. 

Rows are clustered by Jensen-Shannon distance. 
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3.4 Discussion 

The transcriptional analysis of RCC809 allowed a functional profile to be described 

for the light quality responses seen in this ocean ecotype. This included a cell cycle 

gene set which increased expression in blue light and explains the faster growth rates 

due to increased cell division also seen in blue light. Light quality responsive genes 

associated with many of the functions highlighted by the transcriptional data have also 

been shown to change expression levels in response to other environmental parameters 

in similar studies, such as the changes suggested in phylloquinone and photosystem 

content. A decrease in the PSI to PSII ratio and phylloquinone content were both 

shown here to be associated with blue light acclimation in RCC809. A reduction in the 

PSI to PSII ratio has also been noted in Ostreococcus in response to iron limitation 

(Botebol et al., 2015, Botebol et al., 2017). RCC809 has a constitutively higher relative 

content of PSII to PSI than OTH95 and this has been indicated as an adaptation to iron 

limitation in the RCC809 deeper ocean source environment (Cardol et al., 2008). A 

decrease in phylloquinone is also shown to be accompanied by a reduction in PSI 

activity, this may represent a shift under blue light to PSII and the absorbance of 

shorter wavelengths (Gross et al., 2006). Phylloquinone also degrades in sunlight and 

so its synthesis may be expected to increase in surface waters where both the light 

intensity and the proportion of red and green light wavelengths are higher. This may 

not be the case for all phytoplankton species as some studies hypothesise that growth 

of algae in shorter wavelength light qualities would increase PSI content and thus 

increase phylloquinone yield (Tarento et al., 2019). Understanding how light quality 

can affect phylloquinone synthesis would allow optimisation of this biotechnological 

process. These results suggest that the relationship between phylloquinone production 

and light quality in algae depends on the species and also on the adaptation of that 

species to the light quality of its source environment. 

 

Many of the light quality responsive genes identified in RCC809 in this chapter which 

are involved in pigment synthesis have also been investigated in green algae in terms 

of their light intensity responses. For example, the cytochrome carotene hydroxylase 

CYP97 gene (responsible for the conversion of carotenes to lutein) which decreased 

in RCC809 in blue light relative to red light is induced in high light in Chlamydomonas 

reinhardtii, and in Haematococcus pluvialis in which CYP97C also showed greater 
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induction of expression in high blue light than in high white light (Cui et al., 2013, 

Couso et al., 2012). Genes related to the increased synthesis of zeaxanthin were 

induced in blue light in RCC809; zeaxanthin is a xanthophyll pigment which is 

involved in photoprotection through nonphotochemical quenching (NPQ) and has also 

been indicated as a blue light photoreceptor in plant guard cells (Frechilla et al., 1999, 

Zeiger and Zhu, 1998). The reduction of lutein synthesis gene expression in blue light 

in contrast with the increase in zeaxanthin is interesting as lutein is also involved in 

NPQ and the two together would suggest a photoprotective response induced by high 

light intensities. Levels of violaxanthin, zeaxanthin, and lutein (in terms of percentages 

of total carotenoids) have all been found to increase in RCC809 with increases in light 

intensity from 150 μmol quanta m−2·s−1 to 1200 μmol quanta m−2·s−1 (Guyon et al., 

2018). Lutein and zeaxanthin were not separated in the study by Guyon et al and so it 

is possible that a decrease in one carotenoid was compensated for by an increase in the 

other. It has been demonstrated that carotene content also decreases in response to high 

light in RCC809 in particular when compared to OTH95 and O. lucimarinus, although 

the specific composition of these carotenes was not analysed (Six et al., 2009). The 

same study found that lutein levels in RCC809 increased with light intensity, this is 

interesting as this expression analysis shows that lutein synthesis likely decreases in 

blue light.  

3.5 Conclusions 

RCC809 showed specific light quality responses in terms of increased growth in blue 

light, and distinct sets of gene expression for the red, green, and blue light treatments, 

while OTH95 showed no change in growth rates and repression in transcription of only 

a small set of genes in response to green light compared to red and blue light. These 

light quality responses were different between the two ecotypes. The response of 

RCC809 was most distinct in blue light (Figure 3.4), and the response of OTH95 only 

differed in green light, compared to the other light quality treatments (Figure 3.21). 

The ecotypes also showed no overlap in functions of the light quality responsive genes 

identified (examples in Figures 3.8-10).  
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3.5.1 RCC809 conclusion 

RCC809 showed a distinct transcriptional response to each of the light qualities 

although, as the PCA (Figure 3.4b) demonstrates, its responses to red and green light 

were more similar when compared to the blue light response. Analysis of the 

differentially expressed genes in RCC809 suggests that blue light induces 

physiological changes involving an induced cell cycle, reduced chlorophyll and 

pigment synthesis, reduced amino acid, lipid, and starch synthesis, and reduced carbon 

fixation. The growth rate measurements confirmed that the mitotic cell cycle was 

accelerated in blue light, leading to increased cell division. These responses may be 

understood in the context of the RCC809 source environment. Often described as a 

‘deep water ecotype’, RCC809 was taken at a depth of 105m in the Atlantic Ocean 

but, as Ostreococcus cells are not motile, this ecotype will be subject to variation in its 

environment as it is moved with upwellings and other changes in the water column 

and currents. An increase in the prevalence of blue light in the water occurs with depth 

as the other light wavelengths are scattered more easily. This suggests that occurrence 

of red or green light in the light environment for RCC809 should prompt physiological 

changes in the ecotype compared to its blue light response both to maximise efficient 

light capture and to respond to the changes in its environment that come with a move 

to surface waters. This complex series of metabolic changes in response to light quality 

in RCC809 reveals evidence that this phototroph is able to respond to changes in light 

quality which may translate to increased survival in a variable spectral marine 

environment. 

 

3.5.2 OTH95 conclusion 

OTH95 does not respond with distinct transcriptional changes after a 72-hour exposure 

to red, green, or blue light. This lack of a specific response may reflect the source 

environment for this strain of the coastal and lagoon associated OTH95; a relatively 

shallow lagoon is most likely to have a more stable light environment in terms of 

spectral quality. This is reflected in the transcriptional data for OTH95 which showed 

no evidence of a clear pattern of gene expression under any of the light qualities. It 

appears that light quality responses in OTH95 are not regulated by changes in the 
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expression levels of genes in metabolic pathways. It is possible that this ecotype does 

respond to light quality and that these responses are instead controlled by post-

transcriptional processes such as methylation. 

 

The physiological analyses detailed in Chapter 4 are intended to demonstrate how the 

light quality responsive changes in gene expression identified here translate to 

functional changes affecting cell physiology.  
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Chapter 4: Physiological responses to light quality 
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4.1 Introduction 

As described in detail in Chapter 1, the spectral quality of light in the oceans is 

expected to be affected by ongoing climate change due to shifts in phytoplankton 

community structure and changes in reflectance from particulate matter. Analyses of 

light quality responses will allow predictions of how Ostreococcus may respond to the 

challenges of climate change and the environmental factors that are signalled by 

specific spectral qualities.  

 The transcriptional analysis described in Chapter 3 revealed changes in Ostreococcus 

gene expression in response to light quality. These transcriptional responses suggest 

specific effects on the cells’ physiology. In RCC809, an ocean ecotype sourced from 

deep water, the transcriptomic analysis indicated reduced expression of several genes 

in the pathways for pigment synthesis after acclimation to blue light compared to red 

and green light. For example, expression of lycopene beta cyclase (Od20g00760), a 

key enzyme in β-carotene synthesis (Figure 4.1a), was significantly downregulated in 

blue light. Expression of the violaxanthin depoxidase gene (Od11g00170), which 

catalyses the conversion of violaxanthin to antheraxanthin in the xanthophyll cycle, 

increased significantly in blue light, whereas expression of the gene which catalyses 

the reverse reaction, the violaxanthin epoxidase gene (Od02g02570), decreased. 

Expression of the cytochrome P450 gene (Od09g03950) in the CYP97 family, 

involved in the conversion of carotenes to lutein, was downregulated, suggesting a 

reduction in lutein-derived accessory pigment content in blue light.  

These data suggested changes in the levels of specific accessory pigments in the 

RCC809 ecotype in response to changes in light quality. These changes, affecting both 

light harvesting and photoprotection through the xanthophyll cycle, may translate into 

changes in photosynthetic efficiency. In contrast, no such changes were observed in 

OTH95, the lagoon ecotype, suggesting the absence of light quality acclimation in this 

ecotype. 

Most of the light energy for photosynthesis by Ostreococcus is absorbed by two 

chlorophylls, a and b, which maximally absorb red and blue wavelengths (Kume et al., 

2018, Lichtenthaler, 1987, Bouman et al., 2018). Metabolites of chlorophyll present in 

Ostreococcus, such as Mg-2,4-divinyl pheoporphyrin a5 monomethylester (MgDVP) 

and pheophytin, are also involved in light harvesting.  



 

  

 

75 

Ostreococcus also contains various accessory pigments which maximally absorb light 

at different wavelengths. In photosynthetic organisms, the relative contents of these 

pigments can be dynamically adjusted to efficiently capture light of different qualities 

(Jagannathan and Golbeck, 2009). Light quality can induce changes in carotenoid 

content in green algae, for example the chlorophyte Haematococcus pluvialis which 

accumulates more carotenoid in response to blue light than red light (Kobayashi et al., 

1992). Complementary chromatic adaptation through changes in light absorbing 

pigments has also been demonstrated in photosynthetic algae. The ratio of the light 

harvesting pigment protein complexes phycocyanin and phycoerythrin is altered in 

some species of red algae and cyanobacteria to maximise light capture by 

complementing the ratio of red to green wavelengths present in the environment 

(Stowe et al., 2011, Wu, 2016, Borlongan et al., 2020, Stomp et al., 2004). 

Complementary chromatic adaptation cannot solely be assessed by comparing 

available radiation to the pigment absorption spectrums. The pigment absorption peaks 

are often found to be ‘offset’ from the spectral bands for which the incident light is 

most intense so that fluctuations in light intensity are less disruptive or damaging. This 

offset in absorbance was demonstrated by successful predictions of pigment responses 

in plants and aquatic green sulphur bacteria from the spectrum of incident light using 

modelling (Arp et al., 2020). 

The accessory pigments also serve a secondary role, by absorbing and dissipating light 

energy, they can protect the chlorophylls in the core light harvesting complex from 

inactivation by photodamage (Jagannathan and Golbeck, 2009). Photoprotection in 

green algae is mostly achieved by induction of the xanthophyll cycle depoxidation 

state (DPS), i.e., conversion of the light harvesting violaxanthin to the photoprotective 

antheraxanthin and zeaxanthin (Kulk et al., 2013). This reaction can be reversed by 

the conversion of violaxanthin to neoxanthin (Figure 4.1). The depoxidation state 

correlates positively with non-photochemical quenching (NPQ,) which reduces 

damage to the cells from high irradiances (Six et al., 2009, Demmig-Adams, 1990). 

Relative xanthophyll pigment contents can therefore be used to determine 

photoacclimation to irradiance level.  

Physiological responses to light quality have not been previously investigated in 

Ostreococcus. The analyses described in this chapter aim to test whether Ostreococcus 

responds to changes in light quality by adjusting its pigment composition and the 

function of its photosystems. The responses of the RCC809 and OTH95 ecotypes 
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sourced from distinct light quality environments are compared to assess how this may 

represent adaptive divergence. 

The objectives of these analyses were as follows: 

• To investigate changes in pigment content, photochemistry and metabolism in 

cells adapted to different light qualities. 

• To assess how these changes affect the ability of the cells to harvest light and 

achieve photoprotection 

• To compare the physiological responses of two Ostreococcus ecotypes: the 

deep ocean sourced RCC809, and the lagoon sourced OTH95 

 

4.2 Methods 

All measurements described are a mean of three independent replicates. Significance 

was determined using an ANOVA and subsequent student’s t-tests and the level of 

significance was assessed as p=<0.05 unless otherwise stated. 

4.2.1 Pigment analysis 

To gain more detail on the pigment changes indicated in RCC809 in response to light 

quality, and to assess how these changes may affect photosynthesis, measurements of 

pigment content were taken.  In order to determine which pigment or pigments were 

synthesised, accumulated, or degraded in response to changes in light quality, cultures 

were grown in white light until they reached the middle of the logarithmic growth 

phase (approximately 20 to 30 million cells ml-1). The cultures were then transferred 

to low intensity monochromatic light (4mol photons m-2 s-1) for 72 hours, at which 

point they were sampled for pigment analyses as described in section 2.12 of the 

Methods chapter. Two chlorophyll b-like pigments were detected in the RCC809 

ecotype which were not detected in OTH95, as illustrated by the HPLC chromatogram 

in Figure 4.2a-b.  

The relative carotenoid content was assessed by comparing the percentage 

contribution of each pigment to total carotenoid content. Included in this analysis were, 

in descending order of abundance: prasinoxanthin, neoxanthin, violaxanthin, uriolide, 

micromonal, dihydrolutein, the unknown carotenoid, β-carotene, α-carotene, 

zeaxanthin, antheraxanthin, and lutein.  
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To assess how the depoxidation state (DPS) was affected by light quality, it was 

quantified according to (Munné-Bosch and Cela, 2006). DPS (also known as DES) 

was calculated as (Z + 0.5A) / (V + A + Z), where Z, A, and V correspond to relative 

levels of zeaxanthin, antheraxanthin, and violaxanthin respectively. 

 

4.2.2 Photosynthetic parameter analysis 

To investigate how light quality responses affect photosynthetic activity, PAM (pulse-

amplitude modulation) fluorometry analysis was used. This allowed insight into 

changes in the function of photosystem II after acclimation to the different light 

qualities. This method uses chlorophyll fluorescence to measure the efficiency of PSII 

and to infer the effects of non-photochemical quenching (NPQ).  

Cultures were acclimated to the different light treatments for 72 hours as described in 

section 4.2.1. For each measurement, aliquots of culture were diluted to around 5 

million cells ml-1 in Keller medium in a cuvette and subjected to light pulses of varied 

intensity to measure the resulting fluorescence. Different light qualities were used for 

excitation (blue at 470nm, green at 520nm, red at 645nm and dark red at 665nm). The 

measurements shown in the following analyses are based on excitation at 470nm as 

green algae show the greatest response to this wavelength (Heinz and Walz, 2003). 

Analyses based on excitation at other wavelengths were compared (data not shown,) 

and the resulting light quality responses were not different to those described here at 

470nm, other than a change in the maximum quantum yield of PSII in OTH95 which 

will be discussed. 

The maximum quantum yield of PSII photochemistry indicates the maximum 

proportion of photons absorbed by PSII which can potentially be used in 

photosynthesis (Maxwell and Johnson, 2000). Lower quantum yields indicate a lower 

photosynthetic efficiency which is likely the result of reduced PSII content. To detect 

the background fluorescence while all the electron accepting reaction centres 

downstream of PSII are open (Fo), the sample is acclimated to darkness for 5 minutes 

then subjected to a weak light which will not stimulate photochemistry. Next, a high 

intensity saturating light pulse is applied which closes the reaction centres to measure 

maximum fluorescence, Fm. Fv, the variable fluorescence, is the size of the increase 

in fluorescence between the background Fo and the maximum Fm. The maximum 

quantum yield of PSII is calculated as Fv/Fm.  
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The maximum relative electron transport rate through PSII (rETR) is calculated as 

(Yield x PAR x 0.5 x 0.84 μmol electrons m-2s-1), where PAR refers to the intensity of 

the photosynthetically active radiation (Heinz and Walz, 2003). This equation uses 

standard constants as estimates of the proportion of light reaching cells (0.84) and the 

proportion of light reaching PSII (0.5) and assumes a stable level of PSII content and 

an equal ratio of PSII to PSI (Murchie and Lawson, 2013). These constants were 

estimated for higher plants, so this calculation does not represent absolute ETR for 

Ostreococcus. However, it allows comparison between measurements taken using the 

same methods.  
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Figure 4.1 Simplified carotenoid biosynthetic pathway for Ostreococcus 

 (adapted from Blatt et al 2015). LCYB = lycopene β‐cyclase; LCYE = lycopene ε‐cyclase.” The 

CP450 cryptochrome CYP97C is also shown. Light responses are annotated in terms of significant 

changes in relative pigment contents derived from HPLC measurements. (a) RCC809 (b) OTH95 

https://onlinelibrary.wiley.com/doi/full/10.1111/tpj.12826 
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Figure 4.2 HPLC chromatograms of Ostreococcus sp. RCC809 and OTH95 pigments grown under 

different light qualities 
 (a) RCC809 exposed to 72 hours of low intensity blue light. The presence and separation time for the two 

chlorophyll b-like pigments can be seen just before chl-b and are marked with blue arrows. (b) OTH95 exposed 

to 72 hours of low intensity red light. The chlorophyll b-like pigments seen in RCC809 were not found in 

OTH95. 
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4.3 Results  

4.3.1 Effect of light quality on pigment content  

In the ocean ecotype RCC809, pigment composition differed in blue light versus red 

and green light (Figure 4.3a). The relative contributions of the following pigments 

increased by the given approximate percentages under blue light compared to red and 

green light: uriolide (12%), neoxanthin (29%), the unknown carotenoid (40%), 

micromonal (43%), and dihydrolutein (52%). The relative contents of the pigments 

prasinoxanthin and zeaxanthin increased in red and green light versus blue light by 

approximately 11% and 47% respectively. There were no significant changes in the 

relative contents of lutein, antheraxanthin, violaxanthin, α-carotene, and β-carotene. 

No significant differences between carotenoid percentages were seen between red and 

green light responses. While transcription of genes associated with lutein synthesis 

was reduced in RCC809 under blue light, no significant changes in lutein content were 

seen in the pigment data. Lutein levels were comparatively low in all light treatments. 

The pigment composition changes demonstrate a different response to blue light 

compared to red or green light in RCC809. As pigments affect both the levels of light 

harvesting and the wavelengths of light absorbed as well as photoprotection, the light 

quality responses identified here will affect the efficiency of light capture for 

photosynthesis. 
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In the lagoon ecotype OTH95, only two changes in carotenoid composition were 

observed in response to light quality: the relative contents of micromonal and 

dihydrolutein increased significantly in blue versus red light treatments (Figure 4.3b). 

These changes were low in amplitude compared to those seen in RCC809, the 

approximate increases in blue light were around 9% in micromonal (compared to the 

43% in RCC809), and 14% in dihydrolutein (compared to the 52% in RCC809). This 

Figure 4.3 Comparative percentages of total carotenoid extracted after growth in red, green, and blue 

monochromatic light. 

 (a) RCC809 (b) OTH95. Letters indicate significant (p=<0.05) differences with either red (R), green (G), 

and blue (B) conditions. Significance was determined using ANOVA and subsequent student’s t-tests. 

Letters are in bold if P<0.01. 
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demonstrates minor changes in pigment composition in OTH95 which will produce 

smaller effects on light capture.  

When comparing the two ecotypes’ pigment content, (Six et al., 2008) found higher 

levels of prasinoxanthin, neoxanthin, uriolide, MgDVP, micromonal, dihydrolutein, 

and -carotene in RCC809 in low light (15mol photons m-2 s-1) than in OTH95 but 

lower β-carotene. These comparisons are also consistent with those seen in this work. 

This shows that the differences between the ecotypes are maintained in the 

experimental conditions applied here.  

 

4.3.2 Chlorophylls and chlorophyll metabolites 

In RCC809, the light harvesting accessory pigment and chlorophyll metabolite 

MgDVP (Mg-2,4-divinyl pheoporphyrin a5 monomethylester) increased significantly 

relative to chlorophyll a, almost doubling in blue light compared to both red and green 

light (Figure 4.4a).  

Chl-b levels also significantly increased relative to chl-a in blue light, showing a 

positive ratio of chl-b to chl-a (1.1±0.04) compared to smaller ratios in red and green 

light 0.94±0.05 and 0.97±0.1 respectively) (Figure 4.4c). This high chl-b to chl-a ratio 

reflects the ratio found in RCC809 by Cardol et al. (2008): 1.01 after growth in 10mol 

photons m-2 s-1 of blue light. The effect of this increase in chl-b in blue light is likely 

compounded by the large rise in content of the two chlorophyll b-like pigments only 

detected in RCC809. Levels of these pigments were around tenfold higher in blue light 

compared to red or green (Figure 4.4a). On the other hand, the chl-b precursor, 

chlorophyllide b, accumulated to half the levels in blue than under red and green light, 

consistent with it being converted to chl-b. These increases in MgDVP, chl-b, and 

chlorophyll b-like pigments in blue light RCC809 represent a specific light quality 

response which will affect the amount of light capture and the spectrum of light 

absorbance for photosynthesis.   
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Figure 4.4 Pigment to chl-a ratios  

(a) RCC809 (b) OTH95. Chl-b to chl-a ratio of (c) RCC809 and (d) OTH95. Letters indicate 

significant (p < 0.05) comparisons between light responses R red, G green, and B blue. Significance 

was determined using ANOVA and subsequent student’s t-tests. Letters are in bold if P < 0.01. 



 

  

 

85 

Ratios of chlorophyllide a to chl-a were variable between experimental replicates in 

both RCC809 and OTH95, likely reflecting dynamic changes in chl-a synthesis in all 

conditions (Figure 4.4a-b). The relative levels of chl-b and chlorophyll metabolites to 

chl-a were lower in OTH95, likely reflecting its constitutively higher chl-a content 

than RCC809 regardless of light intensity (Six et al., 2008). OTH95 maintained a much 

smaller ratio of chl-b to chl-a than RCC809 (around 0.55) in all light qualities (Figure 

4.4d). This value is lower than that previously reported for cultures of OTH95 grown 

in white light at 100mol photons m-2 s-1 (0.65) but is consistent with the value (0.56) 

obtained under the lower light level of 10mol photons m-2 s-1 (Cardol et al., 2008, 

Laviale and Jacques, 2011). The only chlorophyll metabolite content change relative 

to chl-a in OTH95 in response to light quality was a small decrease (around 10%) of 

MgDVP in red light compared to both blue and green light (Figure 4.4b). As with the 

accessory pigment data, this demonstrates fewer light quality responses in OTH95 

which will produce fewer effects on light capture.  

4.3.3 Effect of light quality on the xanthophyll cycle  

To assess whether any light quality induces photoprotection through NPQ, the relative 

contents of xanthophyll cycle pigments were compared. No significant shifts in 

violaxanthin levels were seen in RCC809, but the relative content of zeaxanthin 

decreased in blue light while neoxanthin increased. In contrast, xanthophyll levels 

didn’t respond to light quality in OTH95.  

The depoxidation state was higher overall in RCC809 than in OTH95 and did not show 

a significant change between light treatments in either ecotype (Figure 4.5a-b). These 

results were consistent with previous observations, that levels of NPQ were higher in 

RCC809 than in OTH95 under all intensities of white light (Six et al., 2009). In 

addition, they suggested that levels of NPQ were not affected by light quality in either 

strain. 
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4.3.4 Size of the xanthophyll pool 

Total xanthophyll content is higher in light adapted plants than in shade adapted; the 

larger the xanthophyll pool, the greater the potential for xanthophyll cycle induction 

for photoprotection (Demmig-Adams, 1990). To indicate the size of the xanthophyll 

pool, total xanthophyll to chlorophyll a (chl-a) ratio was calculated as Z+A+V/chl-a, 

where Z, A and V correspond to relative levels of zeaxanthin, antheraxanthin and 

violaxanthin, respectively. In RCC809, this ratio was smaller (0.06±0.003) under blue 

light than in red (0.12±0.02) or green light (0.11±0.03). This is likely due to conversion 

of violaxanthin to neoxanthin (Figure 4.5c). This smaller xanthophyll pool in blue light 

would be expected to reduce the potential level of xanthophyll cycle induction for 

photoprotection. The xanthophyll pool size observed here in RCC809 under low 

intensity blue light was consistent with previous observations across blue light 

intensities from 25 to 250µmol quanta m−2 s−1 (Six et al., 2009). This suggests that, 

Figure 4.5 Pigment data showing the depoxidation state 

 (DPS/DES) (Z + 0.5A)/(V + A + Z) of (a) RCC809 and (b) OTH95 as well as the xanthophyll to chl-a ratio 

indicating the xanthophyll pool size of (c) RCC809 and (d) OTH95. Letters indicate significant (p < 0.05) 

comparisons between light responses R red, G green, and B blue. Significance was determined using ANOVA and 

subsequent student’s t-tests.  Letters are in bold if P < 0.01. 
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compared to red and green light, blue light signals a decrease in the xanthophyll pool 

size which is not dependant on light intensity. 

No such light quality responsive changes were seen in OTH95 and its xanthophyll pool 

size was comparable in all conditions to that of RCC809 under blue light (Figure 4.5d).   

4.3.5 Ratio of light harvesting pigments to photoprotective pigments 

To ascertain whether changes in the accessory pigment contents in response to light 

quality were strategized for light harvesting or photoprotection, the ratio of light 

harvesting pigments to photoprotective pigments was compared between light 

conditions. Pigments were assigned as either light harvesting or photoprotective 

according to the hypothesised designations from the literature summarised in Table 

4.1. Uriolide, micromonal, dihydrolutein, and prasinoxanthin are accessory pigments 

only found in prasinophyte algae and these are not as well described as the more 

commonly found pigments such as zeaxanthin (Blatt et al., 2015). 

 

Table 4.1 Details of pigments derived from HPLC measurements  

 
Pigment 

Functional detail in literature on 
prasinophytes  

Peaks of light 
absorbance 
(nm)  

Light quality in 
which relative 
content increased 

RCC809 OTH95 

Chlorophyll a Synthesis increases in low light (7) ~430 + ~660 
violet + red 
(5) 

Blue - 

Chlorophyll b Synthesis increases in low light (7) ~450 +~645 
blue + red (5) 

Blue - 

Chlorophyllide 
a 

Chlorophyll precursor ~435 + ~663 
violet + red 
(6) 

- - 

Chlorophyllide 
b 

Chlorophyll precursor ~470 + ~654  
blue + red (8) 

Red + 
green 

- 

Chlorophyll  
b-like 

Calculated from chlorophyll b 
response factor. Only found in 
RCC809 within this experiment 

Unknown Blue - 

Chlorophyll       
b-like  

Calculated from chlorophyll b 
response factor. Only found in 
RCC809 within this experiment 

Unknown Blue - 

α-carotene Also named b,ε-Carotene 
Increases with light intensity (7) 

~422-477 
violet-blue (5) 

- - 

β-carotene Increases with light intensity (4) 
Role in photoprotection (7) 

~450-480 
violet-blue (5) 

- - 
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MgDVP Chl-c like pigment.  
Light harvesting role (3) 
Decreases with light intensity (2) 

~438 + ~636 
blue + red (5) 
+small ~580 
yellow (8)  

Blue Blue + 
green 

Uriolide Only in prasinophytes. Decreases 
with light intensity (2,4) 

~450-500 
blue-green (8) 

Blue Blue 

Micromonal Only in prasinophytes. Decreases 
with light intensity (2,4) 

~440-500 
blue-green 

Blue Blue + 
green 

Violaxanthin Xanthophyll. Light harvesting role, 
decreases with light intensity (7) 

~437-454 
violet-blue (5) 

- - 

Prasinoxanthin Only in prasinophytes 
Light harvesting role (7) 

~430-500 
violet-green 
(8) 

Red + 
green 

Red 

Antheraxanthin Xanthophyll. Increases with light 
intensity (7) May be 
photoprotective (1)  

~445-446 
violet (5) 

- - 

Zeaxanthin Xanthophyll. Increases with light 
intensity (7) Photoprotective (1) 

~450-483 
violet-blue (5) 

Red + 
green 

- 

Neoxanthin Light harvesting role (1,7) 
Decreases with light intensity (7)  

~437-455 
violet-blue (5) 

Blue Green 

Lutein Increases with light intensity (1,7) 
Role in PSII photoprotection (1) 

~444-474 
violet-blue (5) 

- - 

Dihydrolutein Only in prasinophytes. 
Increases with light intensity (2,7) 

~405-456 
violet-blue (8) 

Blue Blue + 
green 

Pheophytin a Degradation product of 
chlorophyll. Associated with PSII 

~418 + ~666 
violet + red 
(5) 

- - 

Unknown 
carotenoid 

Decreases with light intensity (2) Unknown Blue - 

 
(1) (Lopes Dos Santos et al., 2016) 
(2) (Six et al., 2008) 
(3) (Six et al., 2005) 
(4) (Egeland et al., 1995) 
(5) (Roy et al., 2011) 
(6) (Lorenzen and Newton Downs, 1986) 
(7) (Böhme et al., 2002) 
(8) (Egeland et al., 2011) 
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Light harvesting pigments included in calculations were: MgDVP, uriolide, 

micromonal, violaxanthin, prasinoxanthin, neoxanthin, and the unknown carotenoid. 

Photoprotective pigments included were α-carotene, β-carotene, antheraxanthin, 

zeaxanthin, lutein, and dihydrolutein. Pheophytin a was not taken into account because 

its role is not understood in Ostreococcus. Neither ecotype showed significant 

differences in this ratio between light qualities, although RCC809 showed a higher 

proportion of light harvesting pigments to photoprotective pigments than OTH95 (p-

value = 3.88E-05) (Figure 4.6). This fits the well documented low light adaptation of 

RCC809 compared to the OTH95 adaptation to higher light intensities (Six et al., 2008, 

Cardol et al., 2008, Six et al., 2009, Rodríguez et al., 2005).  

 

4.3.6 Effect of light quality on photosynthetic parameters  

4.3.7 Maximum quantum yield of PSII  

In RCC809 the maximum quantum yield of PSII (Fv/Fm) was significantly different 

between light qualities, being highest in red (0.63±0.0045), then green (0.57±0.014), 

and lowest after blue (0.52±0.010) light acclimation (Figure 4.7a). These data are 

derived from excitation at 470nm. Similar results were observed when different light 

wavelengths were used for excitation. These quantum yield values were all lower than 

the Fv/Fm values of about 0.65 reported to be optimal in Ostreococcus strains under 

Figure 4.6 Ratio of light harvesting pigments to photoprotective pigments. 

 Pigments were assigned according to the designations in Table 4.1. Light harvesting pigments: MgDVP, 

uriolide, micromonal, violaxanthin, prasinoxanthin, neoxanthin, and the unknown carotenoid. 

Photoprotective pigments: α-carotene, β-carotene, antheraxanthin, zeaxanthin, lutein, and dihydrolutein. (a) 

RCC809 (b) OTH95. 



 

  

 

90 

standard culture conditions, but they were closer to the value (0.59) reported in 

RCC809 (in constant blue light at 25µmol quanta m−2 s−1) (Botebol et al., 2017, Six et 

al., 2009).  

 

 

 

Figure 4.7 Maximum quantum yields of PSII (Fv/Fm) 

 (a) RCC809 and (b) OTH95. Letters indicate significant (p=<0.05) differences between light responses R red, G 

green, and B blue. Significance was determined using ANOVA and subsequent student’s t-tests.  Letters are in bold 

if P < 0.01. 

Figure 4.8 Maximum quantum yields of PSII (Fv/Fm) for Ostreococcus OTH95 using excitation beams of 

different wavelengths.  

Letters indicate significant (p=<0.05) differences between light responses R red, G green, and B blue. (a to c) 

indicate 520nm, 645nm and 665nm respectively. Significance was determined using ANOVA and subsequent 

student’s t-tests.  Letters are in bold if P < 0.01. 
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Unlike RCC809, OTH95 showed a different quantum yield response when excited 

with beams of different wavelengths (Figure 4.8a-c). When excited using blue light at 

470 nm, the maximum quantum yield of PSII was lower in cells acclimated to green 

light (0.46±0.10) compared to red and blue light (0.62±0.020 and 0.62±0.012 

respectively) (Figure 4.7b). This was not seen when cells were excited at 520 nm, 635 

nm or 665 nm, suggesting that this reduced yield is not due to a reduction in PSII 

efficiency, but to a reduced relative absorbance of the shorter wavelengths of blue 

light.  

4.3.8 Maximum relative electron transport rate of PSII 

rETRmax values give an indication of the maximum relative electron transport rate 

through PSII. A higher relative electron transport rate (rETR) can indicate stress in 

plants. Increased rETR may also be explained by an increase in RuBisCO activity as 

the ratio of RuBisCO content or active sites to PSII positively correlate with ETR 

values (Sukenik et al., 1987, Zorz et al., 2015, Vandenhecke et al., 2015).  

In RCC809, rETRmax was highest in cells acclimated to red light (9.48±1.03), 

followed by green (6.31±0.56), and blue (3.67±0.70) (Figure 4.9a). This was 

consistent with the observed decrease in RuBisCO activase gene expression under blue 

light compared to red and green light (Figure 3.15a). RuBisCO small subunit gene 

expression was also reduced in blue light compared to green light and was most 

increased in red light (Figure 3.14). 

rETRmax values were much higher in OTH95 (approximately 21) than in RCC809 

but did not vary significantly between light conditions (Figure 4.9b). No changes in 

RuBisCO gene expression between light conditions were seen in OTH95 (Figure 

3.15b). 
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4.3.9 Rapid light curves of maximum relative electron transport rate and 

quantum yield  

To determine the effects of light intensity challenge during a short term acclimation, 

the cells’ photosynthetic capacities, and the point of PSII reaction centre saturation by 

light, rapid light curves were used (Ralph and Gademann, 2005). rETR and quantum 

yield were measured in rapid light curves of increasing intensities of PAR, section 

2.11. The rETR rapid light curve results were in accordance with the rETRmax values 

recorded for each strain. At all light intensities above PAR 36μmol photons mˉ2 sˉ1, 

RCC809 showed higher rETR in red light compared to green and the lowest rETR in 

blue light (Figure 4.10c). In contrast, OTH95 showed no significant differences in 

rETR at any light intensity (Figure 4.10d). These results are consistent with previous 

observations that OTH95 is able to tolerate higher light intensities than RCC809 

(Cardol et al., 2008, Demir-Hilton et al., 2011, Six et al., 2008, Six et al., 2009). In 

addition, they suggest that RCC809 is more able to tolerate high light intensities after 

acclimation to red light and are saturated at the lowest light intensities after blue light 

acclimation. The green light acclimated cultures showed an intermediate response.  

 

 

 

Figure 4.9 Relative ETRmax values recorded at 470nm  

(a) RCC809 and (b) OTH95. Letters indicate significance (p=<0.05) compared between light responses R red, G 

green, and B blue. Significance was determined using ANOVA and subsequent student’s t-tests. Letters are in bold 

if P < 0.01. 
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Figure 4.10 rETR and yield along light curves of increasing PAR (µmol photons m-2 s-1) at 470nm.  

Letters for RCC809 rETR and yield curves indicate significance (p=<0.05) compared between light responses R 

red, G green, and B blue. Significance was determined using ANOVA and subsequent student’s t-tests. OTH95 

rETR and yield curves did not show any significant differences. (a to b) show yield vs PAR for RCC809 and 

OTH95 respectively. (c to d) show rETR vs PAR for RCC809 and OTH95 respectively. 

 

PSII quantum yield curve measurements are calculated as ΦPSII= (F’m−Ft)/ F’m 

where F’m is the maximum fluorescence in the light exposed sample and Ft is the 

steady state of fluorescence in the light between saturating light pulses (Heinz and 

Walz, 2003). During a quantum yield curve, increased PAR intensities cause a reduced 

yield as the reaction centres of PSII close and NPQ increases. The fluorescence yield 

is also decreased due to photochemical quenching as electron transfer is increased, and 

this can be seen by the corresponding rise in rETR (Maxwell and Johnson, 2000). As 

with the rETR rapid light curves, RCC809 showed significantly different quantum 

yield curves between cells acclimated to red, green or blue light (Figure 4.10a). The 

RCC809 yield was highest in the red light and lowest in the blue light acclimated 

cultures. This is evidence of significantly different responses to each light quality in 

this ecotype and that red light acclimated cultures are saturated at higher light 

intensities than the blue light acclimated cultures. In contrast, OTH95 showed no 



 

  

 

94 

significant differences in quantum yield at any stage of the rapid light curve (Figure 

4.10b).  

4.3.10 Alpha and Ik values  

The alpha value indicates the photosynthetic efficiency and changes in this value may 

be explained by a number of factors: the level of NPQ, the levels of light harvesting 

accessory pigments, the ratio of PSI to PSII, the efficiency of energy transfer from the 

antennae to the PSII reaction centres, and the activity of RuBisCO (Serôdio et al., 

2006, Behrenfeld et al., 2004). A change in NPQ may be ruled out as the pigment 

content analysis showed no evidence for increased NPQ or photoprotective pigments 

as a response to light quality. The alpha value is measured as the maximal slope of the 

light response curve (rETR vs PAR) and indicates the efficiency of light absorption in 

terms of the maximal PSII quantum yield. This is calculated as the maximal yield 

multiplied by 0.42 (a PSII absorptivity constant for measurements derived from 

relative ETR). In RCC809 the alpha value was significantly lower in the blue light 

(0.12 ± 0.017) treated cultures than in the red (0.19 ± 0.030) suggesting that the 

efficiency of PSII has been reduced (Figure 4.11a-b).  

The Ik values demonstrate the irradiance at which light saturation occurs, the 

covariance of the Ik values with the alpha values indicate that the differences in these 

values between the light conditions is due to photoacclimation. The Ik (alternatively 

known as Ek) value is measured as alpha/rETR max and corresponds to the irradiance 

in μmol photons mˉ2 sˉ1 at the onset of light saturation. In RCC809, the Ik values were 

significantly lower in blue light (31.4μmol photons mˉ2 sˉ1 ± 2.40) than in red 

(50.4μmol photons mˉ2 sˉ1 ± 8.30) or green (43.6μmol photons mˉ2 sˉ1 ± 3.08) light 

(Figure 4.11c-d). This shows that light saturation occurred at a lower PAR intensity in 

the RCC809 cultures which had been acclimated to blue light. In OTH95, Ik values 

were significantly higher (approximately 100μmol photons mˉ2 sˉ1) than in RCC809, 

but no significant differences were seen between the light treatments indicating an 

absence of light quality response in OTH95. Higher Ik values, and therefore saturation 

at higher light intensities, are expected in OTH95 as this ecotype is well described as 

a high light adapted species compared to the low light RCC809 (Six et al., 2008, Six 

et al., 2009, Cardol et al., 2008, Rodríguez et al., 2005). 
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4.4 Discussion 

The experiments in this chapter revealed physiological changes in RCC809 in response 

to light quality. These changes were seen in pigment content and photosynthetic 

parameters. 

4.4.1 The ocean Ostreococcus ecotype RCC809 shows changes in pigment content 

in response to light quality 

Consistent with the transcriptomic data in chapter 3, the physiological changes after 

blue light acclimation in RCC809 were most different from the red and green light 

responses. The transcriptional data showed that expression of chlorophyll synthesis 

genes was reduced after blue light acclimation, but gene annotations were not 

sufficient to specify changes in chl-a versus chl-b. Pigment analyses revealed that 

relative contents of chlorophylls and accessory pigments in RCC809 varied in 

response to light quality. The most pronounced of these responses was that of the 

Figure 4.11 Alpha and IK values for Ostreococcus under different light qualities.  

Letters indicate significance (p=<0.05) compared between light responses: R red, G green, and B blue. (a 

to b) show alpha values for RCC809 and OTH95 respectively. (c to d) IK values for RCC809 and OTH95 

respectively. Significance was determined using ANOVA and subsequent student’s t-tests.  Letters in bold 

are if P=<0.01. 
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higher chl-b to chl-a ratios in blue light as well as greatly increased levels of two novel 

chlorophyll b-like pigments only seen in RCC809. The relative contents of several 

accessory pigments also showed significant changes after blue light acclimation when 

compared to red and green light. The gene expression data in Chapter 3 showed 

reduced expression of genes with roles in violaxanthin and lutein synthesis under blue 

light which suggested an increase in NPQ for photoprotection. Analysis of the relative 

levels of xanthophylls to determine the depoxidation state showed that NPQ was not 

induced under any light quality, but that the size of the total xanthophyll pool was 

smaller after blue light acclimation.   

4.4.2 Chromatic adaptation 

The pigment content experiments in this chapter show evidence of complementary 

chromatic adaptation in Ostreococcus RCC809. The ratio of chl-b to chl-a increased 

significantly from red light to a positive value in blue light. This increase in chl-b 

optimises capture of blue light wavelengths present in deep water environments as chl-

b maximally absorbs blue light (Kume et al., 2018, Lichtenthaler, 1987, Bouman et 

al., 2000). Two chlorophyll b-like pigments only seen in RCC809 also increased under 

blue light and may also assist in the efficient absorption of blue light. 

The accessory pigments in RCC809 do not show evidence of contribution to chromatic 

adaptation as changes in their abundance were not consistent with increased light 

absorption under any light quality (Table 4.1). Furthermore, changes in these pigments 

are small compared to the large changes in chl-b and the two chlorophyll b-like 

pigments.  

4.4.3 RCC809 shows changes in photosynthetic parameters in response to light 

quality 

As seen in the pigment data, the measured changes in photosynthetic parameters in 

response to light were most pronounced when comparing red and blue light, although 

here the green light acclimated cultures also showed some intermediate responses. 

This shows acclimation to the light treatments and that RCC809 responds specifically 

to each condition.  

The maximum PSII quantum yield (Fv/Fm) and rETRmax values were lowest in blue 

light and highest in red light. The rapid light curves of quantum PSII yield and ETR 

also showed lower values after blue light acclimation (Figures 4.10 a and c). These 

changes in photosynthetic parameters indicate that in blue light the photosynthetic 
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efficiency of PSII is reduced and that this photosystem is saturated by light at lower 

intensities than after red and green light acclimation. The results suggest that PSII 

content or PSII activity is reduced in blue light in RCC809. The PhytoPAM 

measurements taken do not enable PSII content or PSI activity to be measured 

although the transcriptional data add context for these responses (Murchie and 

Lawson, 2013). The relative increase in chl-b, normally associated with PSII antennae 

(Melis, 1989), and the elevated expression of genes associated with PSII assembly and 

ferritin synthesis under blue light, together suggest that the reduced efficiency of PSII 

in blue light is most likely caused by a reduced PSII activity, rather than reduction in 

PSII content. 

 Photosystem II, antennae, and light harvesting complexes 

Chl-b mostly is bound to the PSII antenna in light harvesting complexes (LHCs) whilst 

chl-a is also present in the reaction centres (Melis, 1989). Antennae are used for light 

harvesting and transfer of energy to the photosystems, their pigment contents may vary 

to efficiently capture light of different spectral qualities (Six et al., 2005, Wlodarczyk 

et al., 2015). Antennae can also protect the core photosystem complexes from damage 

by excess light (Saito et al., 2010, Alboresi et al., 2009). The ratio of chl-b to chl-a is 

almost twice as high in RCC809 than in OTH95; this was proposed to be linked to 

higher LHCP levels in RCC809 (Cardol et al., 2008). LHCPs are prasinophyte light-

harvesting chlorophyll a/b binding proteins associated with the antenna; MgDVP is 

also bound to these complexes (Six et al., 2005). The rise in chl-b to chl-a ratio and 

the MgDVP content in blue light may both be related to an increased LHCP content in 

RCC809. Of the five genes in RCC809 with inferred annotations of ‘prasinophyte 

specific chlorophyll a/b-binding protein’, three did not show specific transcriptional 

light responses (Od01g01780, Od06g06020/30, and Od17g03160), but two were 

upregulated in blue light when compared to red light: Od07g02900 and Od14g00280. 

The expression profiles for these two genes are strikingly similar (Figure 4.12) which 

warrants further investigation. Increased expression of these LHCP proteins under 

blue light is again inconsistent with a decrease in PSII content under blue light. 
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 RuBisCO content and activity are limiting factors for ETR 

Rather than changes in PSII activity, the lower rETRmax in blue light may 

alternatively be explained by a decrease in RuBisCO activity. The transcriptional 

expression of the RuBisCO small subunit and RuBisCO activase enzyme were reduced 

in blue light in RCC809 (Figures 3.14 and 3.15a-b). RuBisCO is a rate limiting factor 

in electron transport and its activity correlates with ETR (Zorz et al., 2015, 

Vandenhecke et al., 2015, Sukenik et al., 1987). It has been shown that silencing 

RuBisCO activase results in lower ETR values in Oryza sativa (Yamori et al., 2012).  

4.4.4 Comparison with light intensity responses  

Some RCC809 blue light quality responses resemble low light responses  

In a higher light environment prasinophyte green algae produce more photoprotective 

pigments, and in a low light environment these pigments are converted to light 

harvesting pigments to maximise light capture (Six et al., 2008). In blue light, the 

increase in the low light associated and light harvesting MgDVP, uriolide, 

micromonal, and the unknown carotenoid, and the decrease in the photoprotective 

zeaxanthin, are consistent with this (Figures 4.3a and 4.4a). Neoxanthin has been 

shown to have a photoprotective role in higher plants by functioning as an antioxidant 

in PSII (Dall'Osto et al., 2007). In a mamiellophyte, however, neoxanthin accumulated 

in low light through conversion from violaxanthin and was degraded in high light 

(Böhme et al., 2002). From this, it was hypothesised that neoxanthin was involved in 

Figure 4.12 Expression levels of light responsive putative LHCP genes in RCC809 

 (a) Od14g00280 (b) Od07g02900. Letters indicate significant (p=<0.05) differences after false discovery 

rate correction with either red (R) red, green (G), and blue (B) conditions. 
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light capture at low light intensities and was degraded for synthesis of photoprotective 

pigments at higher light intensities (Böhme et al., 2002). The increase in neoxanthin 

in blue light in RCC809 may therefore also be similar to a low light response. The 

increase of MgDVP in blue light relative to chl-a may also cause an accumulation of 

Chl c CS-170 which is found in RCC809 but not in OTH95. Chl c CS-170 was not 

quantified in this study due to lack of an appropriate standard but it is related to 

MgDVP and also accumulates at low light intensities (Álvarez et al., 2013, Rodríguez 

et al., 2005).  

Higher relative levels of chl-b were observed in RCC809 in blue light; this also shows 

similarity to a low light response. The chl-b to chl-a ratio in OTH95 decreases with 

increasing light irradiance (Laviale and Jacques, 2011), and it was hypothesised that 

clade B Ostreococcus strains maintain higher chl-b to chl-a ratios to maximise light 

capture in low light environments (Rodríguez et al., 2005). This increase in chl-b in 

blue light suggests a shift towards maximising light capture by more efficient 

absorption of this wavelength by acclimating to the depth environment associated with 

the prevalence of blue light. Levels of chlorophyll as well as the ratio of chl-b to chl-

a have been shown to increase with depth in the oceans and, although this reflects the 

shifts in dominant phytoplankton species at depth, it also illustrates the benefit of 

altering chlorophyll content strategy (Letelier et al., 2017, Bouman et al., 2000). This 

shows that light quality as well as light intensity can affect the ratio of chl-b to chl-a 

in Ostreococcus, and that in RCC809 this ratio increases in blue light. 

Increased PSII content in blue light, suggested by the higher chl-b to chl-a ratio and 

the transcriptomic data, is also expected in low light intensities in RCC809 (Six et al., 

2008). RCC809 and OTH95 respond differently to low light intensities (15-18mol 

quanta m−2 s−1); in low light OTH95 increases PSII content (as measured by the 

absorption cross-section of PSII), and RCC809 increases PSII antenna size (as 

determined by changes in antenna protein content) (Six et al., 2008). The hypothesis 

of that study was that RCC809 photoacclimates to low light by increasing antenna size 

as this strategy incurs a smaller nutrient cost than antenna synthesis, OTH95 in its 

lagoon source environment is not limited in this way (Six et al., 2008). PSI has a high 

iron content and the lower PSI:PSII ratio in RCC809 than in OTH95 is attributed to 

the ecological constraint of low iron levels available in the oligotrophic RCC809 

source environment (Cardol et al., 2008).  
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After acclimation to red and green light, RCC809 also exhibited some specific 

responses which prepare the cells for higher light intensities; the Ik values showed 

saturation at higher light intensities than in blue light, and the xanthophyll pool sizes 

increased. The larger xanthophyll pool after acclimation to red and green light 

increases potential for NPQ (Demmig-Adams, 1990). The Ik values which describe 

the onset of light saturation varied with light quality in RCC809. The higher Ik values 

in red and green light than in blue light may be explained by the optical depth signalled 

by the light treatments. An analysis of Ik in phytoplankton communities at various 

depths found that the average Ik decreased rapidly with depth from around 75-

150μmol photons m-2 s-1 in the top 20m to around 25μmol photons m-2 s-1 at a depth 

of 100m (Bouman et al., 2018, Bouman et al., 2000). These values are comparable to 

those determined in this chapter (Figure 4.11c-d)). Bouman et al. (2000) explained this 

reduction in Ik values with depth as being a result of photoacclimation and 

photoadaptation. From this, it may be expected that Ik would be lowest in a deep water 

ecotype like RCC809 which has acclimated to low intensity blue light. An increase in 

the alpha values (the initial slope of light curves) with depth was also observed in the 

same studies of phytoplankton communities but this was shown to be due to variation 

in nitrogen with depth (a nitracline) rather than due to irradiance or spectral qualities 

associated with depth (Bouman et al., 2000).  

Higher relative levels of chl-b were observed in RCC809 in blue light, this also shows 

similarity to a low light response. The chl-b to chl-a ratio in OTH95 decreases with 

increasing light irradiance (Laviale and Jacques, 2011), and it was hypothesised that 

clade B Ostreococcus strains maintain higher chl-b to chl-a ratios to maximise light 

capture in low light environments (Rodríguez et al., 2005). This shows that light 

quality as well as light intensity can affect the ratio of chl-b to chl-a in Ostreococcus, 

and that in RCC809 this ratio increases in blue light. 

In the aquatic environment, light quality responses may allow photosynthetic algae to 

anticipate other environmental parameters associated with different depths. A possible 

hypothesis is that RCC809 senses red light as an environmental indicator of proximity 

to surface waters, where red light wavelengths are found, and uses this signal to adjust 

its photosynthetic machinery in anticipation of higher light intensities. This idea has 

been posited as an explanation of red light responses in the diatom Phaeodactylum 

tricornutum (Fortunato et al., 2016). On the other hand, this ecotype may use blue 

light, or a low red to blue light ratio, as an indicator of depth, as it persists in deeper 
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water. It may then respond by adjusting its physiology to maximise light capture under 

low light intensities. The increase in relative chl-b content in blue light presents the 

strongest evidence that low intensity blue light signals depth in RCC809 as it 

stimulates physiological responses that maximise light capture which are not induced 

in low intensity red or green light qualities. This allows acclimation to the depth 

environment associated with the prevalence of blue light.  

The blue light responses in RCC809 recorded in these experiments also show evidence 

for the anticipation of other environmental factors associated with depth. The reduced 

relative maximum electron transfer rate (quantified as rETRmax) in blue light, and its 

increase under red light (Figure 4.9a), was linked to corresponding changes in 

expression levels of the RuBisCO small subunit and RuBisCO activase (Figure 3.14 

and 3.15a). The effect of reduced RuBisCO activase on rETR can be compensated for 

by sufficiently high CO2 concentrations, as demonstrated in the green alga 

Chlamydomonas reinhardtii (Pollock et al., 2003).  CO2 increases with depth so less 

RuBisCO activase synthesis is required in the deep ocean environment to maintain 

RuBisCO activity. Pollock et al also showed that the growth rate in Chlamydomonas 

reinhardtii was reduced in the absence of RuBisCO activase. Here, the growth rate 

was found to be fastest in blue light in RCC809, although in this case RuBisCO 

activase is reduced rather than absent. This may explain the decrease in RuBisCO 

activase transcription in blue light in RCC809, as well as the reduction in rETRmax as 

the CO2 levels would not have increased correspondingly to compensate for this. Blue 

light may therefore induce a reduction in RuBisCO activase activity in anticipation of 

a CO2-rich environment. These changes in RuBisCO gene expression and in rETR 

show how blue light may induce responses in RCC809 which allow it to anticipate and 

adapt to environmental change. 

Some of the pigment changes do not fit this hypothesis of blue light as a signal for 

depth: the decrease in blue light of the light harvesting prasinoxanthin, the lack of 

changes in the photoprotective α-carotene, β-carotene, antheraxanthin, and lutein 

contents, and the lack of change in the light harvesting violaxanthin (Table 4.1) 

(Böhme et al., 2002). The relative xanthophyll pigment contents also showed no 

evidence of induction for NPQ in any light quality which shows that, while blue light 

responses may resemble low light intensity responses, the red and green light 

responses do not resemble high light intensity responses. A study of RCC809 

carotenoid content changes with light intensity showed that in high light dihydrolutein 
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increased while uriolide, the unknown carotenoid, MgDVP, micromonal, and Chl CS-

170 all decreased (Six et al., 2008). Uriolide, the unknown carotenoid, MgDVP and 

micromonal did follow this pattern by decreasing in blue light compared to red and 

green, but dihydrolutein levels increased in blue (Figures 4.3a and 4.4a). Laviale and 

Jacques (2011) studied pigment contents in OTH95 and found that dihydrolutein did 

not vary with light intensity. These changes, particularly that of dihydrolutein show 

that, although there are similarities to light, the light quality responses are distinct from 

light intensity responses. Furthermore, these changes show that no light quality 

response in terms of pigment content changes can be solely explained by either an 

increase in photoprotective pigments, or light harvesting pigments. 

4.4.5 Light qualities as a function of their energy and relative absorbance for 

photosynthesis  

While equal light intensities were used for all monochromatic light treatments, it was 

possible that the energy levels of the different wavelengths of light may result in 

effectively different light intensity responses. Most of the light harvesting in 

Ostreococcus is by chlorophylls a and b which primarily absorb light in the red and 

blue areas of the visible light spectrum and of these the shorter wavelengths of blue 

light are higher energy (Bouman et al., 2018, Kume et al., 2018, Lichtenthaler, 1987, 

Lanoue et al., 2019). If the light quality responses seen in these experiments could be 

explained by reactions to differing effective light intensities produced by the light 

qualities, then it would be expected that responses to the higher energy blue light 

would match that of higher light intensity, and the responses to red and green light 

would resemble a low light response. These experiments do not show this pattern, 

instead showing that the blue light responses are more similar to low light intensity 

responses. This allows a rejection of this hypothesis by demonstrating that the 

responses observed are responses to specific light qualities rather than to different 

energy levels provided by the different wavelengths. 

4.4.6 Comparison with the lagoon ecotype OTH95  

Fewer light quality responses were detected in the lagoon ecotype OTH95 than in the 

ocean ecotype RCC809, both in terms of pigment content and in photosynthetic 

parameters. As in RCC809, OTH95 showed a small increase in relative contents of the 

accessory pigments micromonal and dihydrolutein in blue light compared to red or 
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green (Figure 4.3b). Other changes in pigment content seen in RCC809 in response to 

light quality were not demonstrated in OTH95.  

The photosynthetic measurements of OTH95, as with the pigment data, revealed fewer 

light quality responses and those seen were only in green light (in terms of a lower 

quantum PSII yield) compared to red and blue light (Figure 4.7b). Uniquely among 

these measurements, the quantum yield of PSII in green light in OTH95 was dependant 

on the wavelength of the measuring beam. The green light acclimated yields were 

lowest when excited with a blue measuring beam (470nm), higher from the green beam 

(520nm) and higher again in the two higher wavelength red beams (645nm and 665nm) 

in which the yield was not different from the other light acclimated cultures (Figure 

4.8a-c). This effect is not explained by the pigment data but suggests that the efficiency 

of PSII in green light acclimated OTH95 is dependent on the incident light quality. 

Kula et al found that in the green alga Chlorella the quantum yield of PSII (Fv/Fm) 

was not affected by light quality but reduced sharply once the cultures reached a high 

density (Kula et al., 2014). This effect would not explain the lower yield in green light 

in OTH95 as growth rates did not differ in this ecotype with light quality (Figures 3.1 

and 4.7). 

No light responsive changes in rETRmax were found in OTH95. Correspondingly, as 

shown in Chapter 3, no transcriptional changes were seen in OTH95 for RuBisCO 

small subunit genes or the RuBisCO activase gene (Figure 3.15b). Although direct 

comparisons of absolute expression values cannot be accurately compared between 

the ecotypes due to differences in their genomes (such as GC content and level of 

duplication), the data suggest a lower RuBisCO activase expression in OTH95. 

As demonstrated by the rapid light curve derived Ik values (Figure 4.11 c and d), the 

differences between RCC809 and OTH95 are explained by their well described 

adaptations to light intensity. The Ik values derived from the rapid light curve of 

rETRmax showed that OTH95 was predicably saturated at higher PAR levels than 

RCC809. It was expected that the onset of light saturation in OTH95 would occur at a 

higher intensity as adaptation to higher light intensities is well established in this 

ecotype (Six et al., 2008, Six et al., 2009, Cardol et al., 2008, Rodríguez et al., 2005).   
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4.5 Conclusions 

Changes in pigment content suggest that blue light acclimation in RCC809 induces a 

shift towards maximising capture of blue light wavelengths. The photosynthetic data 

from the PhytoPAM measurements suggest either a reduction of PSII activity, or an 

induction of NPQ after blue light acclimation causing lower quantum yields of PSII. 

The context provided by the pigment data concerning xanthophyll cycle comparisons 

show that the changes seen in blue light in RCC809 are not due to increased NPQ. The 

pigment data however, particularly the chl-b to chl-a ratios, suggest that PSII 

modification in blue light takes the form of increased PSII antenna size and reduced 

PSII activity. Both OTH95 and RCC809 show physiological responses to light quality, 

although compared to RCC809, OTH95 exhibited specific light quality responses in 

fewer of the parameters measured. Not all of the differences between the ecotypes are 

explained by their established differing adaptations to light intensity (Six et al., 2008, 

Six et al., 2009, Cardol et al., 2008, Rodríguez et al., 2005).   

The differences in light responses described in this chapter reflect the predominant 

light qualities in the ecotypes’ source environments and present further evidence of 

adaptation to their ecological niches. For RCC809, sourced at a depth of 105m in the 

Atlantic Ocean, the light quality in its environment is predominantly low intensity blue 

unless upwelling causes occasional exposure to red and green light as part of the 

broader spectrum in surface waters. The light quality environment for RCC809 is 

therefore variable and perception of red and blue light (or of the ratio between the two) 

may enable it to gain information about depth and so to adjust its physiology in 

anticipation of higher or lower light intensities. For OTH95, sourced from the shallow, 

nutrient rich Thau lagoon, the depth is not variable beyond 10 metres and so the light 

quality is predominantly higher intensity green light, although wavelengths of both red 

and blue are also present (Potes et al., 2013). The observation that different ecotypes 

have evolved light responses that are specific to their environment suggests that 

responses to light quality contribute to fitness of photosynthetic organisms in the 

aquatic environment. 
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Chapter 5: Mechanism of light responses 
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5.1 Introduction 

Chapters 3 and 4 uncovered distinct responses to red, green, and blue light in the ocean 

Ostreococcus ecotype RCC809, in terms of gene expression, photosynthetic activity, 

growth rate, and pigment composition. Differences in photosynthetic activity and 

pigment composition were also noted in the lagoon Ostreococcus ecotype OTH95 in 

green light when compared to both red and blue treatments. This chapter presents an 

investigation of the regulatory mechanisms which may be involved in the coordination 

of these transcriptional light quality responses. 

Regulation of gene expression by environmental inputs such as photoperiod is 

achieved in higher plants through signalling cascades coordinated by photoreceptors. 

This allows an organism to respond quickly and sensitively to its environment in order 

to coordinate processes such as metabolism, or to efficiently maximise light capture 

for energy (Pireyre and Burow, 2015). Responses to light in plants and phytoplankton 

are mainly initiated by photoreceptors which contain light sensing domains that 

undergo conformational changes in response to light. This initiates a cascade of 

complex downstream responses including autophosphorylation and binding to partner 

proteins resulting in changes in activity of transcription factors, or chromatin 

remodelling (Falciatore and Bowler, 2005). In plants, photoreceptors include blue light 

sensing cryptochromes and phototropins, UVR8 which senses UVB light, and red and 

far-red light sensing phytochromes (Möglich et al., 2010).  

In higher plants, regulation of gene expression by light is mediated by specific 

transcription factors binding conserved DNA sequence motifs in the promoters of 

light-responsive genes, leading either to inhibition or to upregulation of transcription 

(Guilfoyle, 1997, Hiratsuka and Chua, 1997). Light-responsive transcription factors 

are either more highly expressed in response to light signals, or undergo 

posttranslational modifications or degradation in the light (Jiao et al., 2007). For 

example, in Arabidopsis, the bZIP transcription factor ELONGATED HYPOCOTYL 

5 (HY5) negatively regulates hypocotyl elongation and promotes de-etiolation under 

red, blue and UV light. HY5 transcription increases in response to light, and HY5 

protein stability also increases due to decreased degradation by CONSTITUTIVE 

PHOTOMORPHOGENIC FACTOR 1 (COP1) (Jiao et al., 2007, Oyama et al., 1997, 

Gangappa and Botto, 2016). HY5 binds sequence motifs in the promoters of its target 

genes, containing the core sequence motif ACGT. This includes the G-box motif 
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CACGTG, the similar Z-box TACGTG, the CG hybrid GACGTG, and the CA hybrid 

GACGTA, (Lee et al., 2007). On the other hand, the bHLH phytochrome interacting 

factors (PIFs) promote expression of genes with roles in hypocotyl elongation and 

dark-specific phenotypes (Leivar et al., 2008, Franco-Zorrilla et al., 2014, Kim et al., 

2003, Monte et al., 2004, Soy et al., 2016). These transcription factors are degraded in 

response to phytochrome activation by red light. Like HY5, the PIF proteins also bind 

promoter sequences including G-box motifs (Jiao et al., 2007, Ezer et al., 2017), as 

does the bHLH transcription factor MYC2, which mediates blue light responses in 

higher plants (Mallappa et al., 2006, Lee et al., 2007).  

Five photoreceptors have been identified in Ostreococcus: two histidine kinases 

(LOV-HK and Rhod-HK), two cryptochromes (CPF1 and CPF2), and phototropin 

(Phot). However, the light sensing and resultant signalling functions of these 

photoreceptors have not yet been fully elucidated. In Ostreococcus, the LOV-HK 

photoreceptor has been shown to maximally sense blue light at 450nm, suggesting a 

role in blue light responses. However, it was also implicated in circadian entrainment 

by light-dark cycles composed of red light (Djouani-Tahri et al., 2011). On the other 

hand, Rhod-HK is implicated in circadian entrainment of Ostreococcus and shows a 

shift towards blue light absorbance in response to orange/green light, and a red shifted 

absorbance in response to blue light (Luck et al., 2019, Thommen et al., 2015). The 

OTH95 phototropin (OtPhot ostta16g02540) contains two LOV domains, which are 

distinct from the LOV-HK LOV domains and maximally absorb blue light at 449nm, 

and a serine threonine kinase domain (Djouani-Tahri et al., 2011). When OtPhot is 

expressed in transgenic Arabidopsis, its described functions include light responsive 

chloroplast accumulation and stomatal opening (Sullivan et al., 2016).  

Transcription factors (TFs) have been identified in Ostreococcus based on domain 

homology to known transcription factors in plants, although little is known about their 

targets and downstream effects. Two databases: CIS-BP and PlantTFDB show similar 

information for Ostreococcus with some differences in transcription factor total 

numbers and family allocation. Discrepancies were assessed using BLAST on an 

individual basis when comparing families in this analysis so that ecotype comparisons 

could be made. This enabled the identification of 183 transcription factor loci in 26 

families for OTH95 (Monnier et al., 2010, Weirauch et al., 2014). Only 123 factors 

within 29 families were inferred for RCC809 (Riano-Pachon et al., 2007, Weirauch et 

al., 2014), but this smaller number of transcription factors in RCC809 is by no means 
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exhaustive and more are likely to be described. Complex regulatory effects may also 

be produced by the formation of heterodimers between different transcription factors 

as has been found in bHLH, bZIP, and Myb factor families in higher plants (Jiao et al., 

2007). Due to the small size of the Ostreococcus genome with little duplication, 97% 

of its genes are considered orthologous to either Arabidopsis or the green algae 

Chlamydomonas reinhardtii, and so these comparisons are informative (de Los Reyes 

et al., 2017). Of the 183 transcription factor genes in OTH95, 170 show rhythmic 

expression under light-dark cycles, suggesting regulation by light and/or a circadian 

clock (Monnier et al., 2010). DNA binding sites have been described for a subset of 

the Ostreococcus transcription factors (Weirauch et al., 2014). The genes which they 

specifically target have not yet been identified, but this knowledge of transcription 

factor binding sites is an important resource for identification of candidate regulators 

of transcriptional responses based on identification of regulatory motifs within 

promoters. 

The aim of this chapter is to begin to elucidate aspects of signal transduction pathways 

for light regulation of gene expression in Ostreococcus. The primary light signalling 

mechanism was investigated by taking advantage of an existing OTH95 ko-lovhk 

mutant to determine the contribution of the LOV-HK photoreceptor to light quality 

responsive changes in photosynthetic parameters. Next, to identify transcription 

factors which may be involved in the light quality response signalling cascades, 

candidate regulatory motifs were then identified in the promoters of light quality 

responsive genes. These motifs may represent DNA binding sites for transcription 

factors which function downstream of photoreceptors and allow insight into the 

signalling cascades that may be enacted in response to different light qualities.   

 

The objectives of these analyses were as follows: 

• To test the role of the LOV-HK photoreceptor in light-quality responses by 

demonstrating the effect of knocking out the LOV-HK gene on photosynthetic 

parameters seen in response to light quality in OTH95 in Chapter 4 

• To investigate potential mechanisms behind the transcriptional light quality 

responses by identifying candidate regulatory motifs which may present 

binding sites for transcription factors resulting in changes in transcriptional 

gene expression 
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5.2 Methods 

5.2.1 Investigation of the OTH95 LOV-HK photoreceptor  

To test whether LOV-HK plays a role in the physiological light quality responses seen 

in photosynthetic parameters in Chapter 4, the effects of loss of function of this 

photoreceptor were tested. A knock-out mutant in the OTH95 background was 

available and obtained from François-Yves Bouget.  

Photosynthetic parameters were measured in the OTH95 ko-lovhk mutant using pulse-

amplitude modulation (PhytoPAM) technology to detect chlorophyll fluorescence as 

for the two wild type strains in Chapter 4. Cells were acclimated to red, green, or blue 

light for 72 hours before measurement with light pulses of varying intensity and beams 

of different wavelengths. Measurements described are a mean of three independent 

replicates. Significance was determined using an ANOVA and subsequent student’s t-

tests and the level of significance was assessed as p=<0.05 unless otherwise stated. 

 

5.2.1 Investigation of candidate regulatory motifs in the light quality response of 

RCC809 

The deep ocean ecotype RCC809 exhibited extensive differences in gene expression 

between different light qualities (Chapter 3). To obtain initial clues to the transcription 

factors that may be involved in coordinating these responses, an investigation was 

made to find candidate regulatory motifs which may represent binding sites for these 

factors. Dreme and FIMO tools within the Meme suite were used to identify and locate 

short motifs of up to 8 bases that were overrepresented within the promoter regions of 

red, blue, or green light responsive genes, compared to promoter sequences genome 

wide, full details in section 2.10 (Bailey, 2011). For the purpose of this analysis, 

promoters were defined as the 250 base region upstream of each gene. 

 

To identify candidates for the transcription factors that bind these motifs, the motifs 

were compared visually to Ostreococcus transcription factor binding site logos in the 

Catalog of Inferred Sequence Binding Preferences (CIS-BP) database compiled by 

Weirauch et al. (2014). The binding sites identified in Ostreococcus have been 

predicted for a selection of its transcription factor families. For this database, the 

closest Arabidopsis homologues were identified based on homology within DNA 

binding domains. DNA binding sites for Ostreococcus transcription factors were then 
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inferred on the basis of this similarity. In addition, a subset of transcription factor 

binding sites in OTH95 have been determined experimentally using the protein 

binding microarray (PBM) method. The RCC809 DNA binding sites of transcription 

factors were then inferred from binding sites of OTH95 homologues (Weirauch et al., 

2014).  

 

As the binding site identification for Ostreococcus to date in the CIS-BP database was 

limited in depth and coverage, the promoter motifs were also compared to known 

transcription factor binding sites in Arabidopsis databases which allowed the likely 

transcription factor family associated with a motif to be determined. These databases 

were the JASPAR (non-redundant) DNA database/JASPAR Core (2018) plants, and 

Arabidopsis DNA Plant (motifs in these databases are determined using two methods: 

DNA affinity purification (DAP-seq) or protein-binding microarray (PBM) (O'Malley 

et al., 2016, Fornes et al., 2020). This comparison was made by detecting the similarity 

of the promoter motif sequences to binding sites of Arabidopsis transcription factors 

using the TOMTOM alignment tool in the MEME suite as detailed in section 2.10 

(Gupta et al., 2007). 

 

5.3 Results and discussion 

5.2.1 Investigation of the OTH95 LOV-HK photoreceptor effect on 

photosynthetic activity in response to light quality 

As photoreceptors in plants and green algae are a primary mechanism for sensing light 

and coordinating responses, these receptors are key to understanding light quality 

response mechanisms. The LOV domain containing histidine kinase photoreceptor, 

LOV-HK has been shown to have a role in controlling blue light responses and the 

entrainment of the circadian clock to red and blue light signals in the OTH95 ecotype 

of Ostreococcus (Djouani-Tahri et al., 2011). However, its effect on photosynthetic 

parameters has not been tested.  

As with OTH95, this ko-lovhk mutant showed few changes in photosynthetic 

parameters in response to light quality. As shown in Chapter 4.23, the wild type 

showed a lower maximum quantum yield of PSII when excited by blue light at 470nm 

after growth in green light, as compared to after growth in red or blue light. This 

response was abolished in the ko-lovhk mutant which demonstrated similar yields in 
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all light treatments (Figure 5.1a, b). The quantum yield of PSII in green light was 

significantly lower in the OTH95 wild type compared to the ko-lovhk mutant (p = 

0.017). Ik values were also higher in the ko-lovhk mutant after acclimation to red light 

compared to green light (Figure 5.1c-d). On comparison of the mutant and wild type 

responses, it would appear that this is due to an increase in light intensity required for 

saturation in the red light acclimated mutant as the green light response is not altered.  
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Figure 5.1 Light quality responses in the photosynthetic machinery. 

 Maximum quantum yields of PSII (Fv/Fm) in (a) LOV-HK mutant and (b) OTH95. IK values in (c) LOVHK 

mutant and (d) OTH95. rETR along light curves of increasing PAR (µmol photons m-2 s-1) at 470nm in (e) 

LOVHK mutant and (f) OTH95. Letters indicate significant (p < 0.05) differences between light responses R red, 

G green, and B blue. Letters in bold if P < 0.01. 
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These results demonstrate that, in the OTH95 ecotype, the LOV-HK photoreceptor 

acts to modulate the quantum yield and the light harvesting capacity of PSII, resulting 

in decreased photosynthetic activity in red and green light. This suggests a role for 

LOV-HK in the perception of green light, or alternatively, the absence of red and blue 

light. 

The PSII yield and electron transfer rate showing PSII photosynthetic activity did not 

increase significantly in red light alongside the Ik in the ko-lovhk mutant, and it is not 

possible from these data to determine whether this increased light intensity required 

for saturation results from changes in photosynthetic activity or non-photochemical 

quenching (Figure 5.1). It may be that the LOV-HK reduces the intensity of light 

absorbed by red light acclimated cells as a photoprotective mechanism due to the high 

light levels and presence of red light in the shallow environments to which OTH95 is 

adapted (Demir-Hilton et al., 2011). The lack of light quality responsive changes in 

transcriptional expression of the LOV-HK gene in OTH95 (Figure 5.2c) show that the 

differences in photosynthetic parameters between the wild type and ko-lovhk mutant 

are induced by the LOV-HK photoreceptor rather than by regulation by changes in its 

level of gene expression (Figure 5.1) 

RCC809 photoreceptor activity 

As RCC809 showed a greater physiological light quality response in photosynthetic 

parameter changes than OTH95, it can be predicted that further effects induced by the 

LOV-HK photoreceptor may be seen and an RCC809 ko-lovhk mutant would prove 

informative. The possibility of altered LOV-HK function in light quality responses in 

RCC809 is further supported by the elevated expression of both the LOV-HK genes 

in red light in this ecotype when compared to both blue and green light, (fold changes 

between red and blue: 1.1 Od09g04310 and 0.49 Od09g04300) which contrasts with 

the absence of response in OTH95 (Figure 5.2a-c).  

Other Ostreococcus photoreceptors in RCC809 may also play roles in light quality 

sensing and regulatory responses that the photoreceptors in OTH95 do not. The 

RCC809 phototropin (Od15g00300) was also more highly expressed in red light 

compared to blue light (fold change 0.49) (Figure 5.2d). In contrast, the expression of 

the OTH95 gene was not affected by light quality.  
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Figure 5.2 Photoreceptor expression 

 (a) RCC809 Od09g04310 and (b) RCC809 Od09g04300 both show significant rise in red light (c) OTH95 

homologue ostta09g02190 showing no light quality response (d) Od15g00300 phototropin (e) OTH95 

ostta16g02540 Phototropin (OtPhot) showing no response (f) Od16g01400 Rhod-HK (g) OTH95 Rhod-HK 

ostta17g01230 showing no response (h) OdCPF1 Od05g00310 (i) OdCPF2 Od01g00210. Letters indicate 

significant (p=<0.05) differences after false discovery rate correction with either red (R) red, green (G), and blue 

(B) conditions. 

 

Rhod-HK is encoded by a single gene in OTH95 (ostta17g01230) and neither this gene 

nor its homologue in RCC809 (Od16g01400) showed any significant differences in 

expression level in response to the light quality treatments (Figure 5.2f-g). 

* 
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Photoreceptor genes from two cryptochrome families have been analysed in OTH95: 

OtCPF1 (ostta05g00270) which is required for circadian entrainment in OTH95, and 

OtCPF2 (ostta01g06470) which is in the family of Cry-DASH cryptochromes (Kottke 

et al., 2017, Heijde et al., 2010). The two RCC809 homologues for the OTH95 

cryptochrome genes, as identified here by reciprocal BLAST, showed opposing light 

quality transcriptional responses: OdCPF1 (Od05g00310) increased expression in red 

versus blue light (fold change 1.67) (Figure 5.2h), and OdCPF2 (Od01g00210) was 

more highly expressed in blue light (fold change 1.94) (Figure 5.2i). This suggests that 

the light quality responses of these two cryptochromes are divergent from one another 

in RCC809. 

 

5.4 Regulatory element investigation – Identification of overrepresented 

promoter motifs in RCC809 light responsive genes 

At least one motif was overrepresented in the promoters of genes in RCC809 which 

were responsive to each of the light quality treatments as described in Table 5.1. The 

numbers of light responsive genes containing each of these promoter motifs is shown 

in Figure 5.3. 
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Table 5.1 Overrepresented promoter motifs in light responsive genes in RCC809.  

Light responsive numbers show how often this promoter motif occurred in sets of light responsive genes.  

Genome wide numbers show the number of times this promoter motif is present genome wide. 

Light 
response Motif Light 

responsive 
Genome 
wide Motif 2 Light 

responsive 
Genome 
wide 

Up Red 

                          
9 in 32  
p = 1.4E-07 

213 in 
7923 

   

Up Green  
 

37 in 60 
p = 1.0E-06 

2454 in 
7923 

   

Up Blue                            
 

33 in 536
 p = 1.7E-10
 

117 in 
7923

  
163 in 536

 p = 1.6E-07
 

1632 in 
7923

 
Down Red 

                                
7 in 14 
p = 2.1E-10 

100 in 
7923 

   

Down Blue   

                         
91 in 472 
p = 2.1E-25                               

404 in 
7923 

 
24 in 472 
p = 3.5E-12 

55 in  
7923 

 

 

 

 

 

Figure 5.3 Overrepresented motifs in RCC809 light responsive differentially expressed (DE) genes. 

Light qualities abbreviated as follows: Red (R), Green (G), Blue (B) 
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To identify candidates for the transcription factors that bind these motifs, the motifs 

were compared visually to Ostreococcus transcription factor binding site logos in the 

Catalog of Inferred Sequence Binding Preferences (CIS-BP) database compiled by 

Weirauch et al. (2014). Table 5.2 shows the best transcription factor DNA binding site 

matches from Arabidopsis and Ostreococcus to the promoter motifs. Arabidopsis 

matches were identified based on significant similarity to the motifs after correction 

for false discovery rate (FDR) q < 0.05, whereas Ostreococcus matches in the CIS-BP 

database were selected on the basis of visual similarity. This identified transcription 

factors, or families of transcription factors, which may control transcriptional 

responses to different light qualities.  
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Table 5.2 Transcription factor binding site matches for the candidate regulatory promoter motifs 

RCC809 motif and light 

response  
Transcription factor binding site matches Transcription factor  

Up Red 

No significant match to a transcription 

factor DNA binding site 
N/A  

Up Blue  
Myb Ostreococcus 

Od01g04240 

  

Up Blue 
 

Myb Ostreococcus 

Od03g02230  

Down Red 
 

 

CCA1 Myb-like,  

Arabidopsis   

q < 0.05 

Down blue  

 Myb/SANT 
Ostreococcus 

Od06g01160 

Down Blue 

 

bHLH phytochrome 

interacting factor 

(PIF3) Arabidopsis    

q < 0.01 

 

bZIP, basic leucine 

zipper Ostreococcus 

Od14g01500  

Motif also occurs 

twice in promoter 
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 The CTATCC promoter motif associated with genes upregulated in red light  

The CTATCC motif was overrepresented in the promoter sequences of 9 of the 32 

genes upregulated in red compared to the genome-wide background (Table 5.1). The 

motif did not occur more than once in any of the promoter sequences. The annotations 

of the 9 genes containing this promoter motif show similarity in function, containing 

genes related to gluconeogenesis and the electron transport chain (Appendix 5). It is 

likely that this motif is involved in the regulation of a specific light responsive change 

identified as increasing in red and green light compared to blue in the gene expression 

analyses described in RCC809 in Chapter 3 involving macromolecular synthesis for 

energy storage as the annotated functions of the genes containing the promoter motif 

represent many of those functions.  

The best matches for this motif to known transcription factor binding sites were those 

of a Cysteine2-Histidine2 (C2H2) zinc finger factor in Arabidopsis, as well as a poor 

match to a Myb domain transcription factor binding site in Ostreococcus. However, 

these were not statistically significant. A closer match to a DNA binding site may exist 

in an undescribed Ostreococcus Myb transcription factor.  26 Myb domain or Myb 

related transcription factors, and 4 C2H2 zinc finger factors have been described in 

RCC809 to date, Table 5.3, and of these only 10 Myb transcription factors had binding 

sites available for comparison of which 5 have been directly determined by PBM in 

OTH95 (Riano-Pachon et al., 2007, Weirauch et al., 2014).  
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Table 5.3 Myb transcription factors inferred in RCC809, candidates for binding to light quality responsive 

motifs 

Gene 
Binding site 

available 

TF binding site 

match to a motif 

Transcriptional 

light quality 

response 

Function 

Od01g04240 

PBM in 

OTH95 

homologue 

Up blue 

CGATTC[G/A]  

Up in red vs 

blue 

Also contains receiver 

domain 

Od03g02230 

PBM in 

OTH95 

homologue 

Up blue 

GTTCCCC[T/C]  
Down in blue Probable repressor 

Od06g01160 

PBM in 

OTH95 

homologue 

Down blue 

[T/C]GGATA[A/G]  

Up in green vs 

blue 
 

Od09g05870 Y  Up in blue  

Od07g02920 N NA Down in green Also contains zinc finger 

Od14g02540 N NA Down in blue  

Od06g04450 

PBM in 

OTH95 

homologue 

 Down in blue  

Od06g02270 Y  Down in blue LHY homologue 

Od13g03160 N NA Down in blue Probable inducer 

Od04g00700 Y  Down in blue  

Od14g01100 N NA Down in blue   

Od06g03360 N NA 
Up in blue vs 

red 
Telomere binding 

Od09g01640 N NA 
Up in blue vs 

red 
Probable inducer 

Od14g01870 N NA 
Up in green vs 

blue 
Probable inducer 

Od05g00570 Y  Up in green vs 

blue 
 

Od13g02520 

PBM in 

OTH95 

homologue 

 None 
Probable telomere 

binding 

Od02g03570 N NA None Glycosyltransferase 

Od11g04130 N NA None Telomere binding 

Od01g01750 N NA None Probable TFIIIB inducer 

Od17g02070 Y  None  

Od01g00660 N NA None  

Od12g02140 N NA None  

Od05g01860 N NA None  

Od06g01890 N NA None  

Od11g00550 N NA None  

Od05g01380  N NA None  
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The [T/C]GGATA[A/G] motif associated with genes downregulated in blue light 

The [T/C]GGATA[A/G] motif was overrepresented in the promoters of 91 of the 472 

genes downregulated in blue light. It was mostly found singly in the promoter 

sequences of genes downregulated in blue light, only occurring more than once in 6 

promoters of the 91 genes downregulated in blue light in which it was found. This 

motif is almost a reverse complement of the CTATCC motif found in promoters of 

genes upregulated in red light (Table 5.1), and two of the 9 genes containing the 

CTATCC motif (Od08g03040 and Od03g028500) also contained the 

[T/C]GGATA[A/G] motif. This suggests that these motifs are related and likely to be 

recognised by the same transcription factor. Analysis of Biological Processes GO 

terms associated with these genes revealed overrepresented functions related to amino 

acid metabolism, starch biosynthesis, chlorophyll biosynthesis, lipid biosynthesis, and 

gluconeogenesis (Appendix 5), implicating this promoter motif in the regulation of 

these blue light responsive changes in RCC809.  

This motif contains the core GATA sequence commonly found in the promoters of 

light responsive genes and known as a light responsive element (LRE) in plants 

(Guilfoyle, 1997, Hiratsuka and Chua, 1997, Jiao et al., 2007, Manfield et al., 2007). 

The best matches to previously described transcription factor binding sites were, as for 

the CTATCC motif, a less than significant match to a Cysteine2-Histidine2 (C2H2) 

zinc finger factor in Arabidopsis, and a better visual match to a Myb domain 

transcription factor binding site determined in Ostreococcus (Table 5.2). This 

Ostreococcus Myb factor is the RCC809 homologue (Od06g01160) of a Myb-like 

transcription factor in OTH95 (ostta06g01220). Expression of this Myb transcription 

factor decreased in blue light compared to green light (Figure 5.4a), which indicates a 

positive regulatory role as the genes containing this motif were also downregulated.  
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This Myb factor shows homology to the Arabidopsis Circadian clock associated 1 

(CCA1) gene and the OTH95 homologue (ostta06g01220) was described as the 

Ostreococcus CCA1 homologue by de Los Reyes et al. (2017). A closer homologue 

of the Arabidopsis CCA1 gene, was however identified in OTH95 (ostta06g02340, 

RCC809 homologue Od06g02270) by Corellou et al. (2009). This Myb transcription 

factor gene (Od06g01160) may also be clock related, and investigation of the effect of 

light quality on RCC809 circadian clock entrainment over light dark cycles would 

prove informative. Blue light is prevalent in deeper waters where other wavelengths 

have been scattered or absorbed so that it is a more dependable signal for circadian 

entrainment of the ocean ecotype RCC809. 

 

Figure 5.4 Expression of transcription factor matches to promoter motifs  

(a) [T/C]GGATA[A/G] match Myb factor with similarity to CCA1 Od06g01160 (b) GTTCCCC[T/C] match 

Myb factor Od03g02230 (c) GTTCCCC[T/C] match Myb factor Od01g04240 (d) CCAC[G/C]TGG match 

bZIP factor Od14g01500. Letters indicate significant (p=<0.05) differences after false discovery rate 

correction with either red (R) red, green (G), and blue (B) conditions. 
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The CGACGG[G/A] promoter motif associated with genes upregulated in green 

light 

The CGACGG[G/A] promoter motif was overrepresented in genes upregulated in 

green light, being present in 37 of the 60 gene set (Table 5.1). A low level of repetition 

within promoters was found for this motif; only 3 of the 38 genes had more than one 

copy in their promoter sequence. The functions of the genes containing this promoter 

motif were mainly related to protein modification and RNA binding, such as 

peptidases, protein folding, methyltransferases, and mRNA splicing (Appendix 5). 

The CGACGG[G/A]  motif showed some similarity to the binding site of a Myb-like 

domain-containing trihelix transcription factor from Arabidopsis, although this match 

was not significant after FDR correction (Willmann et al., 2011).  

 

The GTTCCCC[T/C] promoter motif associated with genes upregulated in blue light 

The GTTCCCC[T/C] motif was overrepresented in the promoters of genes 

upregulated in blue light, being present in 33 of the 536 of these genes (Table 5.1). 

The motif was only found once per promoter sequence. Functions related to cell cycle 

and mitosis were significantly overrepresented within the genes containing this motif. 

This group of genes also included functions related to transcription and photosystem 

II assembly (Appendix 5).  

The GTTCCCC[T/C] motif was a good visual match to the binding site of the RCC809 

homologue Od03g02230 of the OTH95 Myb transcription factor (ostta03g00840). 

(Weirauch et al., 2014). Expression of this Myb gene decreased under blue light 

compared to red and green light (Figure 5.4b), suggesting that increased gene 

expression in blue light may result from lifting of transcriptional repression by this 

transcription factor.  

 

The CGATTC[G/A] promoter motif associated with genes upregulated in blue light 

The promoter motif CGATTC[G/A] was also overrepresented in genes upregulated in 

blue light, being present in 163 in 536 of these genes (Table 5.1). Duplication of the 

CGATTC[G/A] motif within promoter sequences was more common than for the other 

motifs in this analysis, occurring two or more times in 17% of the promoters of genes 

upregulated in blue light in which it was found. 13 genes upregulated in blue light 
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contained both this motif and the GTTCCCC[T/C] motif discussed above, which 

suggests some overlap in function and regulation. The 163 light responsive genes 

containing this promoter motif were annotated with functions mainly related to cell 

cycle, transmembrane ion transport, protein binding and modification, and DNA repair 

(Appendix 5). These candidate regulatory promoter motifs (CGATTC[G/A] and 

GTTCCCC[T/C]) may therefore be both directly related to the regulation of the 

increased cell division identified as upregulated in blue light in the analyses described 

in Chapter 3, as well as to the regulation of further light quality responsive changes in 

gene expression through post transcriptional modifications within the light quality 

response cascade. 

The CGATTC[G/A] motif showed good visual similarity to the binding site of an 

Ostreococcus Myb transcription factor (ostta16g01340) (Table 5.2). The RCC809 

homologue of this transcription factor (Od01g04240) showed increased expression in 

blue light compared to red (Figure 5.4c). As genes containing the CGATTC[G/A] 

motif are upregulated under blue light, this transcription factor may promote the 

transcription of these putative target genes. Interestingly, this transcription factor 

contains a receiver (REC) domain which suggests that its activity may be regulated by 

one of the two photoreceptors containing histidine kinase domains, LOV-HK and 

Rhod-HK. 

 

The GATATTT[T/C] promoter motif associated with genes downregulated in red 

light 

The AT-rich GATATTT[T/C] promoter motif was overrepresented in promoters of 

genes downregulated in red light, being found in half of this 14 gene set. This motif 

was found in single copies only per promoter sequence. The 7 RCC809 genes 

containing this candidate regulatory promoter motif were not informatively annotated 

as little to no sequence homology to described genes in other species was identified. It 

is therefore difficult to determine the physiological consequences of the potential 

regulatory effects of the presence of this promoter motif. 

The motif also contains the core GATA sequence and was a significant match to the 

binding site of the Circadian clock associated 1 (CCA1) Myb-like transcription factor 

in Arabidopsis (Table 5.2). The DNA binding site of the RCC809 homologue of the 

CCA1 transcription factor in OTH95 was however, a closer match for the 
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[T/C]GGATA[A/G]  promoter motif found in genes downregulated in blue light. As 

illustrated by Table 5.3, few binding sites of Myb transcription factor genes in RCC809 

were available for comparison and a better match may well exist among this 

undescribed set. Despite the lack of detail in the annotation of genes containing this 

promoter motif, its association with a transcription factor which is a light responsive 

Arabidopsis clock gene suggests that this motif is part of a red light responsive 

signalling cascade in RCC809. 

 

The CCAC[G/C]TGG promoter motif associated with genes downregulated in blue 

light 

A second promoter motif was overrepresented in genes downregulated in blue light, 

the palindromic CCAC[G/C]TGG. This motif has the highest incidence of repetition 

within promoters of any of the candidate regulatory motifs, appearing at least twice in 

the promoters of 18 of the total 24 genes. Repetition of the same motif within a 

promoter may intensify the regulatory effect on gene expression as well as increasing 

the specificity of transcription factor binding (Guilfoyle, 1997). Genes containing this 

promoter motif were mainly annotated as transmembrane protein, solute and ion 

transport, or related to protein modification such as proteases and protein binding 

(Appendix 5). 14 of the 24 genes were assigned GO terms related to ’Biological 

Processes’ which allowed the identification of transport related overrepresented terms 

such as intracellular transport and proton transport. 

The CCAC[G/C]TGG motif contains the regulatory sequence ACGT which is the core 

of the G-box CACGTG motif. G-box motifs are often present in light responsive genes 

and are a binding site for both basic helix-loop-helix (bHLH) and basic and leucine 

zipper (bZIP) transcription factors. In Arabidopsis, this includes multiple light 

responsive transcription factors such as the bZIP protein HY5, and the bHLH proteins 

MYC2 and phytochrome interacting factors (PIFs) (Guilfoyle, 1997, Jakoby et al., 

2002, Hiratsuka and Chua, 1997, Gangappa and Botto, 2016, Lee et al., 2007).  

The CCAC[G/C]TGG motif was a significant match to the binding site of  Arabidopsis 

PIF3 (Table 5.2), suggesting that it might be recognised by a bHLH protein in 

Ostreococcus. 4 bHLH and 4 bZIP transcription factors have been described in 

RCC809 to date (Table 5.4), as compared to 7 bZIP and 1 bHLH in OTH95 (Riano-

Pachon et al., 2007).  
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The HY5 homologue in RCC809 (Od01g02870) did not show a transcriptional 

response to light quality, and the binding site of its OTH95 homologue did not match 

any of the light-responsive promoter motifs identified here. However, the 

CCAC[G/C]TGG motif was a strong visual match to the binding site for another 

Ostreococcus bZIP transcription factor, ostta15g01060 (Table 5.2). Expression of the 

RCC809 homologue (Od14g01500) decreased in blue light (Figure 5.4d), and the 

motif appeared twice in its promoter sequence, suggesting autoregulation by this 

transcription factor. As expression of both this transcription factor and genes 

containing the CCAC[G/C]TGG motif decrease in blue light compared to red and 

green light, this transcription factor is likely to function as a transcriptional activator 

so that its reduced expression causes reduced expression of the target genes. The 

OTH95 homologue, ostta15g01060, also known as OtbZIP7, was found to be 

divergent from homologues of known function suggesting that the function of this 

bZIP may be unique to Ostreococcus (Corrêa et al., 2008).  

 

Table 5.4 bZIP and bHLH transcription factors in RCC809 

Gene 
Binding site 

inferred 

Binding site 

match to a motif 

Transcriptional 

light quality 

response 

Function 

bZIP 

Od14g01500 

PBM in 

OTH95 

homologue 

Down in blue 
CCAC[G/C]TGG 

Down in blue  

bZIP 

Od07g00750 
N NA 

Up in red vs 

blue 
 

bZIP 

Od01g02870 

PBM in 

OTH95 

homologue 

 None 
HY5 homologue  

Cell division related 

bZIP 

Od03g00300 

PBM in 

OTH95 

homologue 

 None  

bHLH 

Od19g00020 
N NA None 

Clock/ARNT/BMAL/ 

PAS domain 

(PTHR23042) 

bHLH 

Od17g02270 
N NA None 

clock/ARNT/BMAL/ 

PAS domain 

(PTHR23042) 

bHLH 

Od19g00170 
N NA None 

Clock/ARNT/BMAL/ 

PAS domain 

(PTHR23042) 

bHLH 

Od20g02280 

PBM in 

OTH95 

homologue 

 None 

Clock/ARNT/BMAL/ 

PAS domain 

(PTHR23042) 
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Transcriptional changes specific to a single light quality condition (red, green or blue,) 

were also detected in the expression of 26 transcription factor genes in RCC809 (Table 

5.5). Transcription factors showing expression changes are likely to be controlled by 

other transcription factors in an upstream primary light response. These genes include 

transcription factor domains of several families, including zinc finger and Myb, and 

are therefore likely involved in secondary regulation in the signalling cascades of the 

light quality responses. Other transcriptional factors may also be affected by light 

quality signals and show post translational modifications or degradation undetected in 

this analysis (Jiao et al., 2007).   

Table 5.5 Transcription factor genes which showed significant changes in expression in response to 

monochromatic light treatments 

Light  

response      Gene Transcription factor  

Up in red Od04g05270 DNA binding, regulation of transcription 

Up in green Od07g02150 Zinc finger CCHC domain 9, positive regulation 

Up in blue Od09g00610 Zinc finger C2H2 

Up in blue Od08g02120 DNA binding WRKY transcription factor domain 

Up in blue Od09g05870 Myb related transcription factor 

Up in blue Od17g00150 Zinc finger CCCH domain-containing protein 14-like 

Up in blue Od17g01360 Transcription factor complex, RNA pol II cofactor Med13 

Up in blue Od19g00350 Tesmin/TSO1-like CXC domain, transcription factor activity 

Down in green Od07g02920 Myb related factor with SANT/Myb and Zinc domains 

Down in blue Od06g02270 
LHY homologue 

Chromatin binding, SANT/Myb domain 

Down in blue Od04g01800 CONSTANS, CO-like, and TOC1 (CCT) domain 

Down in blue Od09g05010 
CONSTANS, CO-like, and TOC1 (CCT) domain  

with zinc finger domain 

Down in blue Od04g00700 Myb related factor, chromatin binding 

Down in blue Od14g01100 Myb factor 

Down in blue Od04g00460 DNA-binding and serine/threonine protein kinase domain 

containing transcription factor 

Down in blue Od04g02510 Zinc finger, Dof-type transcription factor 

Down in blue Od05g02290 DNA-binding transcription factor activity, zinc ion binding 

Down in blue Od05g03380 Maf1 negative regulation of transcription by RNA pol III 

binding 
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Down in blue Od06g01000 RNA pol sigma factor, transcription initiation 

Down in blue Od06g04450 Myb related transcription factor 

Down in blue Od06g07010 Transcription factor, BAH and zinc PHD domains, chromatin 

associated 
Down in blue Od08g01810 Zinc finger CCCH domain, protein ubiquitination 

Down in blue Od13g03160 RNA pol II Myb transcription factor 

Down in blue Od14g01500 Transcription factor, basic-leucine zipper domain 

Down in blue Od14g02540 Myb transcription factor 

Down in blue Od19g01230 Heat shock transcription factor, winged helix domain 

 

5.4.2 Are the candidate regulatory elements identified in RCC809 retained in 

OTH95?  

As the transcriptional light quality responses identified in RCC809 were not seen in 

OTH95, the mechanisms behind these light quality responses would not be expected 

to be active in OTH95. Consequently, the regulatory motifs identified in promoters of 

light-quality responsive genes in RCC809 may be lost in OTH95 homologues. To test 

this hypothesis, homologues of RCC809 light quality responsive genes which 

contained putative regulatory motifs in their promoters were identified in OTH95, and 

the promoters of these genes were searched for the motifs found in RCC809. The 

percentages of OTH95 homologues which retained each promoter motif are shown in 

Figure 5.5. In all cases the motifs were present in OTH95, but at a much lower 

incidence level than in RCC809. For example, in RCC809 168 genes which showed 

increased expression in blue light contained the CGATTC[G/A] motif in their 

promoters, but, of the 145 homologues identified in OTH95, only 35 (24%) contained 

the motif. This may indicate either a loss of motifs in OTH95 or a novel adaptation in 

RCC809. 
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Figure 5.5 Percentage retention of promoter motifs in OTH95 homologues of light responsive genes in 

RCC809. 

 

5.5 Conclusion 

Analysis of the LOV-HK knockout mutant of OTH95 in terms of its photosynthetic 

parameters demonstrated that, although transcription of the LOV-HK gene was not 

affected by light quality in this ecotype (Figure 5.2c), this photoreceptor is involved in 

the regulation of light quality responses in terms of photosystem II activity and light 

saturation in OTH95 (Figure 5.1). A knockout mutant of these genes in RCC809 would 

prove informative as to the involvement of this photoreceptor in the broader range of 

physiological light quality responses seen in Chapter 4. Transcription of the RCC809 

photoreceptor genes encoding LOV-HK, phototropin, and CPF1 cryptochrome 

photoreceptors all increased in red light compared to blue light, while CPF2 expression 

increased in blue light and the Rhod-HK showed no changes (Figure 5.2). The OTH95 

homologues showed no light quality responsive changes which suggests that the 

transcriptional expression of RCC809 photoreceptors is under more sensitive control 

by feedback from light quality signalling networks. 
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The analysis of promoter motifs in RCC809 uncovered evidence for specific 

transcription factors controlling light quality responses in this deep ocean ecotype. 

Individual light-quality responsive motifs were associated with genes with related 

functions (Appendix 5). The function of these transcription factors in light quality 

responses seems likely to have been lost in the lagoon Ostreococcus ecotype OTH95 

as the motifs identified in RCC809 are present in fewer of the promoters of 

homologues of these genes in OTH95 (Figure 5.5). All except two of the promoter 

motifs are greatly reduced in the OTH95 homologues, only being retained in 22-41% 

in each set. The two with greater retention in OTH95 are the green light associated 

motif CGACGG[G/A] found in regulatory genes (80% retained) and the up in blue 

cell cycle associated motif GTTCCCC[T/C] (70% retained). The motifs are likely to 

have been retained in RCC809 due to evolutionary constraints as the ability to respond 

to light quality presents an adaptive advantage for efficient light capture in the variable 

light spectra of the ocean environment compared to the broad spectrum of light 

wavelengths present in a shallow lagoon. Alternatively, it may have been important 

for OTH95 to lose these responses in its coastal environments where light across the 

full visible spectrum is present at all times so that light quality specific signals would 

induce inappropriate responses. A single transcription factor can be involved in more 

than one regulatory process and its regulatory function may change during an 

organism’s lifecycle (Pireyre and Burow, 2015). The motifs retained in greater 

numbers in OTH95 may retain regulatory function in response to other signals. 

Crossovers between signals controlling regulation are often seen in higher plants, such 

as the integration of light and temperature signals allowing a coordinated response 

(Jiao et al., 2007).  

Differences in the transcription factors identified in the RCC809 and OTH95 ecotypes 

show evidence of divergence upstream of the promoter motifs in the signalling 

cascades, allowing the loss of motifs in OTH95 by abolishing the downstream 

responses. For example, the 4 bZIP and 4 bHLH transcription factors listed for 

RCC809 contrast with the 7 bZIP and 1 bHLH factors listed for OTH95 on the Plant 

transcription factor database (PlantTFBD) (Riano-Pachon et al., 2007). The 4 bZIP 

factors in RCC809 have homologues in OTH95 while the bHLH factors show 

discrepancy between the ecotypes (Table 5.6). The one bHLH in OTH95 

(ostta14g01990) shows homology to three of the RCC809 bHLH genes (Od17g02270, 

Od19g00170, and Od20g02280), which may be the result of duplication in RCC809, 
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and the fourth RCC809 bHLH (Od19g00020) has no strong homology to any OTH95 

gene. This leaves 3 OTH95 bZIP factor genes, two of which (ostta03g03120 and 

ostta04g01490) showed poor homology (less than 40% identity) to the same RCC809 

gene (Od04g03880), and the third gene (ostta15g01440) was a moderate homologue 

(48% identity) for an RCC809 gene (Od14g01880). These RCC809 genes also appear 

to be transcription factors which were not listed on the PlantTFDB database. Thus, it 

appears that the light quality response cascades differ between the ecotypes at every 

level. 

Table 5.6 Comparison of bZIP and bHLH transcription factors in OTH95 and RCC809 

RCC809  

Gene 

Transcription 

factor family 

Homologue in 

OTH95 

Od14g01500 bZIP ostta15g01060 

41% identity  

Od07g00750 bZIP ostta07g00490 

58% identity 

Od01g02870 bZIP ostta01g03880 

65% identity 

Od03g00300 bZIP ostta03g02740 

62% identity 

Od19g00020 bHLH None 

Od17g02270 bHLH ostta14g01990  

54% identity 

Od19g00170 bHLH ostta14g01990  

61% identity 

Od20g02280 bHLH ostta14g01990 

54% identity  

 

Od04g03880 

bZIP not on 

PlantTFDB 

ostta03g03120 

39% identity 

Od04g03880  
bZIP not on 

PlantTFDB 

ostta04g01490 

52% identity  

Od14g01880  
bZIP not on 

PlantTFDB 

ostta15g01440 

45% identity  
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Chapter 6: Conclusions and future directions 



 

  

 

133 

6.1 Findings 

This work revealed that Ostreococcus is able to respond to different light qualities and 

that these responses differ between ecotypes sourced from different light quality 

environments.  

The deep ocean ecotype RCC809 showed differentiated transcriptional responses to 

red, green, and blue light qualities, with gene expression under blue light being most 

distinct from red and green light. Consistent with its faster growth rate under blue light, 

blue light adaptation resulted in elevated expression of genes associated with the cell 

cycle and decreased expression of enzymes involved in macromolecular synthesis for 

energy storage. RCC809 also demonstrated changes in pigment content in response to 

light quality. Under blue light, the chl-b to chl-a ratio and levels of two novel 

chlorophyll b-like pigments only seen in RCC809 were greatly increased. These 

changes favour increased absorption of blue light wavelengths. In the open ocean, this 

may be important for continued photosynthesis at depths to which only low intensities 

of blue light penetrate. Photosynthetic parameters were also altered, including lower 

rETR and PSII quantum yields under blue light, which may result from reduced 

RuBisCO activity and also indicate reduced PSII efficiency. As blue light wavelengths 

are comparatively well absorbed by the chlorophylls and accessory pigments, it may 

be that these adjustments save energy and nutrients by reducing photosynthetic activity 

without detriment to the cell. The red and green light responses in RCC809 were less 

differentiated from one another but do show some distinction in terms of the level of 

change in photosynthetic parameters compared to blue light responses, so that the 

green light response was intermediate between the red and blue light responses.  

In contrast, the coastal and lagoon ecotype, OTH95 did not exhibit significant changes 

in transcription in response to different monochromatic light treatments. Physiological 

differences were shown under green light, compared to red and blue light, but these 

were much less extensive than in RCC809. These changes included minor pigment 

changes and a reduced PSII quantum yield on exposure to blue light after green light 

acclimation which may represent an adaptive response to changes in green light levels 

in the environment. This ecotype originates from shallow environments where it is not 

greatly affected by the narrowing of spectral availability associated with depth. 

Instead, the spectral quality varies mostly according to the level of suspended sediment 

and other photosynthetic organisms. It may therefore be less important for this ecotype 
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to be able to perceive the blue-light enriched environment associated with depth, and 

to adjust its photosystems accordingly. This may explain why OTH95 only exhibits a 

limited range of light-quality responses. 

Altogether these observations demonstrate that this important phytoplankton responds 

to light quality in its environment. Light intensity is considered to be the primary 

abiotic factor which determines the distribution of Ostreococcus ecotypes, and the 

high light intensity adapted OTH95 is known to differ from RCC809 which is adapted 

for efficient light harvesting at low light intensities (Six et al., 2005, Six et al., 2009, 

Demir-Hilton et al., 2011, Cardol et al., 2008). However, the difference in light quality 

responses of these two ecotypes suggest that light quality is also an important factor 

in adaptation to distinct ecological niches in the environment. This work also 

demonstrated evidence for chromatic adaptation in a eukaryotic phytoplankton, a 

response which had previously only been described in cyanobacteria (Grébert et al., 

2018). 

To obtain clues to the molecular mechanisms controlling light quality responsive 

changes in gene expression in RCC809, candidate regulatory elements were identified 

in the promoters of light-regulated genes. Interestingly, these promoter motifs were 

largely absent in the OTH95 homologues of these light quality-responsive genes, 

suggesting that they may have been lost since divergence of these two strains.  

The identified promoter motifs were then compared to known DNA binding sites for 

Ostreococcus as well as higher plant transcription factors, and this identified candidate 

transcription factors, or transcription factor families that may control different aspects 

of the light quality response. Of these transcription factors, those which are absent in 

OTH95, or for which only matches of low homology are present, may explain the 

reduced light quality responsiveness compared to RCC809. For example, only one 

bHLH transcription factor is known in OTH95, as compared to four in RCC809. Those 

that are missing in OTH95 are candidate regulators for light quality responses in 

RCC809. These transcription factors may represent useful markers to study the 

prevalence of light-quality responsive strains in metagenomic studies of ocean 

communities. 
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6.2 Further questions 

There may be further complexity in the light quality responses of Ostreococcus than 

is detected by experiments using monochromatic light. In higher plants for example, 

an increased ratio of far-red light to red light stimulates a shade response, and the 

application of varied red to blue light ratios promotes a suite of physiological changes 

(Hader et al., 1998, Silva et al., 2020, Pennisi et al., 2019). Applying varying ratios of 

the light qualities used in this study would allow these effects to be understood in 

Ostreococcus. The proportion of red versus blue light is likely to be an important signal 

for RCC809 based on its original light quality environment, whereas the proportion of 

green light versus other light qualities is likely to be more important for OTH95. The 

adaptive advantages conferred by light quality responses in Ostreococcus may be 

further interrogated by assessing competition effects between the ecotypes in 

monochromatic light conditions, or under different ratios of light wavelengths.  

The contribution of specific transcription factor genes to the light quality responses in 

RCC809 may be tested by mutagenesis. If mutagenesis of a transcription factor 

abolishes a light quality response, this would demonstrate its regulatory function. 

Candidate light quality-responsive regulatory elements may be tested by fusing 

promoters containing these motifs to a luciferase reporter gene and testing their light-

responsiveness in transgenic lines following the mutagenesis of a transcription factor, 

or of the transcription factor binding site within the promoter. Once their role in light 

quality response is confirmed, these transcription factors will represent useful markers 

for light quality responsiveness in populations of Ostreococcus ecotypes in diverse 

marine environments. An assessment of the prevalence of light responsiveness in 

communities of eukaryotic phytoplankton in different light quality environments, 

would then be enabled by a metagenomics investigation demonstrating the incidence 

level of these markers. This would give an overview of the light quality environments 

which promote light quality responses and allow the importance of these adaptations 

to be evaluated. 

Similarly, greater understanding of how phytoplankton respond to light quality in situ, 

and how this contributes to ecological niche adaptation, would be enabled by a 

metatranscriptomic investigation demonstrating how the gene expression changes 

identified in this work map on to specific light quality environments. Targets for 

further investigation are key genes involved in the major processes which were found 
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to be regulated by light quality. For example, expression of RuBisCO small subunit 

(Od17g01990, Od17g02000, and Od17g02010) and RuBisCO activase (Od04g02820) 

genes decreased in blue light so it would be informative to compare their expression 

levels between sampling sites of different depths and between ocean sites and the more 

turbulent and greener coastal sites. The expression of certain prasinophyte light 

harvesting complex genes which increased expression in blue light (Od07g02900 and 

Od14g00280) would also be informative to analyse in this way, as the rise in chl-b to 

chl-a ratio may be due to increased prasinophyte light-harvesting chlorophyll a/b 

binding proteins (LHCP) content in RCC809 (Cardol et al., 2008). Other genes 

highlighted in the transcriptomic analyses of Chapter 3 may also prove informative, 

particularly those which enzymes for which reduced expression indicated reduced 

macromolecular synthesis in blue light, although preliminary tests would be necessary 

to determine the most relevant of these targets due to the limited detail provided by 

gene annotations. These analyses would provide ecological context for the 

transcriptional and physiological light quality responses demonstrated in Chapters 3 

and 4 and would utilise metagenomic and metatranscriptomic data from Tara Oceans 

surveys (Villar et al., 2018). 

In conclusion, this thesis provides novel experimental evidence for light quality 

responses in Ostreococcus, demonstrates that these responses are ecotype-specific and 

that they represent niche adaptation to the ecotypes’ different light quality 

environments. This differentiation in light quality responses enhances understanding 

of adaptive ability in Ostreococcus. The presence of these adaptive light quality 

responses indicates the importance of light quality for this genus of green algae in the 

marine environment and implies that light quality adaptations may be seen in 

communities of other photosynthetic eukaryotes. Candidate regulatory elements were 

also identified, and the transcription factors that bind these motifs may represent useful 

markers for cells’ ability to respond to light quality in the context of environmental 

studies. 
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Appendix 1 All significantly differentially expressed genes from RNASeq  

OTH95 genes 

Gene ID 

Light 

condition 1 

Light 

condition 2 FPKM 1 FPKM 2 

log2 fold 

change 

FDR 

corrected q 

value 

ostta03g05340 Blue Green 4.53 15.03 1.730 0.0072 

ostta08g04240 Blue Green 144.96 432.66 1.578 0.0072 

ostta01g02840 Blue Green 7.24 18.90 1.384 0.0072 

ostta15g01710 Blue Green 32.91 79.21 1.267 0.0194 

ostta05g01150 Blue Green 18.75 44.27 1.239 0.0173 

ostta06g02350 Blue Green 30.31 70.78 1.224 0.0114 

ostta07g02530 Blue Green 2337.71 5405.02 1.209 0.0390 

ostta05g04970 Blue Green 8.14 18.31 1.169 0.0317 

ostta06g02940 Blue Green 35.41 75.09 1.084 0.0438 

ostta01g04715 Blue Green 22.76 0.00 22.760 0.0242 

ostta06g00450 Blue Green 4.08 0.00 4.085 0.0194 

ostta14g01070 Blue Green 388.42 194.13 -1.001 0.0390 

ostta09g03820 Blue Green 77.77 38.54 -1.013 0.0438 

ostta08g02870 Blue Green 103.50 48.94 -1.080 0.0467 

ostta13g02780 Blue Green 12.99 6.13 -1.084 0.0438 

ostta06g03500 Blue Green 460.96 214.36 -1.105 0.0406 

ostta17g01070 Blue Green 42.50 19.57 -1.119 0.0406 

ostta07g02070 Blue Green 57.51 26.44 -1.121 0.0390 

ostta12g00280 Blue Green 23.15 10.44 -1.149 0.0302 

ostta15g00410 Blue Green 52.78 23.68 -1.156 0.0390 

ostta15g02360 Blue Green 795.89 356.61 -1.158 0.0390 

ostta02g03260 Blue Green 461.56 206.64 -1.159 0.0317 

ostta13g02890 Blue Green 41.33 18.44 -1.164 0.0302 

ostta02g04760 Blue Green 40.10 17.85 -1.168 0.0194 

ostta18g01120 Blue Green 194.73 86.61 -1.169 0.0453 

ostta02g03540 Blue Green 122.78 54.59 -1.169 0.0425 

ostta13g00380 Blue Green 161.06 71.36 -1.174 0.0146 

ostta03g01070 Blue Green 326.74 144.03 -1.182 0.0302 

ostta12g00080 Blue Green 126.43 55.63 -1.184 0.0339 

ostta07g03520 Blue Green 68.86 30.28 -1.185 0.0406 

ostta07g03010 Blue Green 38.03 16.72 -1.185 0.0146 

ostta03g04970 Blue Green 84.46 37.11 -1.186 0.0357 

ostta07g01530 Blue Green 65.58 28.79 -1.188 0.0317 

ostta01g01810 Blue Green 35.47 15.55 -1.190 0.0317 

ostta10g00565 Blue Green 93.36 40.85 -1.192 0.0406 

ostta03g02370 Blue Green 138.12 60.38 -1.194 0.0453 

ostta06g04480 Blue Green 51.22 22.36 -1.196 0.0242 

ostta15g02325 Blue Green 138.24 60.25 -1.198 0.0377 

ostta11g01680 Blue Green 53.74 23.38 -1.201 0.0072 

ostta02g03920 Blue Green 59.73 25.71 -1.216 0.0453 

ostta07g02870 Blue Green 118.68 51.04 -1.217 0.0390 

ostta04g04370 Blue Green 96.92 41.64 -1.219 0.0377 

ostta05g02690 Blue Green 104.02 44.38 -1.229 0.0467 

ostta15g00640 Blue Green 986.83 420.64 -1.230 0.0453 

ostta02g05480 Blue Green 515.28 219.32 -1.232 0.0453 
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ostta10g00280 Blue Green 91.99 38.88 -1.242 0.0221 

ostta14g00750 Blue Green 45.86 19.35 -1.245 0.0317 

ostta14g01555 Blue Green 72.65 30.60 -1.247 0.0194 

ostta06g03332 Blue Green 530.30 222.91 -1.250 0.0194 

ostta06g00660 Blue Green 120.91 50.75 -1.252 0.0173 

ostta05g04990 Blue Green 51.54 21.42 -1.266 0.0285 

ostta12g02660 Blue Green 11.50 4.74 -1.279 0.0221 

ostta07g01160 Blue Green 78.79 32.43 -1.280 0.0173 

ostta04g00810 Blue Green 78.30 32.12 -1.285 0.0221 

ostta13g01920 Blue Green 36.70 15.04 -1.287 0.0173 

ostta01g01490 Blue Green 37.78 15.41 -1.294 0.0114 

ostta01g00180 Blue Green 258.54 105.32 -1.296 0.0285 

ostta12g01760 Blue Green 1009.57 410.30 -1.299 0.0453 

ostta17g01520 Blue Green 72.55 29.43 -1.302 0.0194 

ostta01g00150 Blue Green 55.07 22.33 -1.303 0.0285 

ostta18g00160 Blue Green 132.77 53.70 -1.306 0.0242 

ostta07g02310 Blue Green 104.86 42.41 -1.306 0.0194 

ostta04g04310 Blue Green 91.55 37.01 -1.307 0.0173 

ostta16g01770 Blue Green 1077.35 435.35 -1.307 0.0242 

ostta01g04760 Blue Green 102.75 41.26 -1.316 0.0194 

ostta14g02080 Blue Green 226.29 90.81 -1.317 0.0114 

ostta18g01660 Blue Green 134.94 54.09 -1.319 0.0302 

ostta01g01220 Blue Green 392.51 157.11 -1.321 0.0467 

ostta18g00590 Blue Green 585.55 232.72 -1.331 0.0390 

ostta15g01750 Blue Green 31.55 12.51 -1.334 0.0242 

ostta18g01690 Blue Green 82.00 32.50 -1.335 0.0242 

ostta05g03040 Blue Green 549.64 217.66 -1.336 0.0377 

ostta02g04030 Blue Green 295.46 116.78 -1.339 0.0438 

ostta10g02130 Blue Green 135.03 53.35 -1.340 0.0242 

ostta03g01320 Blue Green 255.52 100.82 -1.342 0.0390 

ostta17g00250 Blue Green 54.45 21.44 -1.344 0.0438 

ostta03g03690 Blue Green 79.60 31.28 -1.348 0.0221 

ostta06g04260 Blue Green 87.38 34.27 -1.350 0.0285 

ostta08g01890 Blue Green 753.60 293.41 -1.361 0.0221 

ostta09g00760 Blue Green 675.44 262.76 -1.362 0.0357 

ostta11g00780 Blue Green 629.55 244.68 -1.363 0.0242 

ostta01g00530 Blue Green 84.80 32.88 -1.367 0.0114 

ostta04g05280 Blue Green 347.93 134.81 -1.368 0.0357 

ostta01g05110 Blue Green 55.17 21.33 -1.371 0.0265 

ostta06g03010 Blue Green 25.98 10.03 -1.372 0.0146 

ostta15g00930 Blue Green 329.75 127.33 -1.373 0.0194 

ostta05g02300 Blue Green 125.62 48.49 -1.373 0.0302 

ostta03g02960 Blue Green 526.35 202.64 -1.377 0.0072 

ostta05g03750 Blue Green 80.53 30.98 -1.378 0.0194 

ostta06g01550 Blue Green 9.59 3.69 -1.379 0.0317 

ostta15g01830 Blue Green 139.51 53.59 -1.380 0.0390 

ostta03g02210 Blue Green 118.74 45.43 -1.386 0.0221 

ostta07g00210 Blue Green 102.38 39.13 -1.388 0.0357 

ostta16g00770 Blue Green 605.41 231.38 -1.388 0.0114 

ostta15g02200 Blue Green 313.10 119.52 -1.389 0.0173 

ostta10g02530 Blue Green 92.24 35.21 -1.390 0.0357 
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ostta02g04650 Blue Green 238.48 89.93 -1.407 0.0173 

ostta03g00620 Blue Green 16.41 6.18 -1.409 0.0146 

ostta12g01500 Blue Green 252.19 94.82 -1.411 0.0390 

ostta14g00690 Blue Green 87.65 32.94 -1.412 0.0114 

ostta03g05760 Blue Green 348.73 130.91 -1.414 0.0194 

ostta16g02025 Blue Green 115.90 43.47 -1.415 0.0146 

ostta07g00710 Blue Green 57.40 21.52 -1.415 0.0114 

ostta12g02010 Blue Green 251.42 94.03 -1.419 0.0194 

ostta11g01100 Blue Green 188.13 69.58 -1.435 0.0377 

ostta13g01120 Blue Green 384.67 142.16 -1.436 0.0357 

ostta09g00270 Blue Green 982.70 363.14 -1.436 0.0453 

ostta09g02360 Blue Green 24.92 9.20 -1.437 0.0302 

ostta16g00530 Blue Green 1465.64 540.72 -1.439 0.0265 

ostta16g00550 Blue Green 19.96 7.36 -1.440 0.0146 

ostta03g03960 Blue Green 79.75 29.35 -1.442 0.0425 

ostta07g04040 Blue Green 43.01 15.82 -1.443 0.0285 

ostta09g02180 Blue Green 29.78 10.95 -1.443 0.0146 

ostta04g04080 Blue Green 157.41 57.86 -1.444 0.0317 

ostta07g03190 Blue Green 258.61 95.03 -1.444 0.0072 

ostta07g01150 Blue Green 31.97 11.73 -1.447 0.0072 

ostta16g00330 Blue Green 414.20 151.92 -1.447 0.0146 

ostta07g01760 Blue Green 182.63 66.96 -1.447 0.0072 

ostta16g00500 Blue Green 15.56 5.68 -1.454 0.0194 

ostta11g03070 Blue Green 217.20 79.23 -1.455 0.0317 

ostta07g03635 Blue Green 96.25 35.06 -1.457 0.0072 

ostta13g00130 Blue Green 175.90 63.61 -1.467 0.0438 

ostta04g00090 Blue Green 256.62 92.79 -1.468 0.0146 

ostta12g02520 Blue Green 206.10 74.39 -1.470 0.0242 

ostta07g03260 Blue Green 81.50 29.34 -1.474 0.0146 

ostta13g00720 Blue Green 580.76 208.88 -1.475 0.0317 

ostta05g03590 Blue Green 66.50 23.89 -1.477 0.0317 

ostta20g00570 Blue Green 314.62 112.37 -1.485 0.0114 

ostta08g01630 Blue Green 182.88 65.22 -1.488 0.0173 

ostta06g01960 Blue Green 264.26 93.75 -1.495 0.0357 

ostta14g00490 Blue Green 115.50 40.96 -1.496 0.0114 

ostta09g03580 Blue Green 146.50 51.84 -1.499 0.0317 

ostta08g03070 Blue Green 228.85 80.69 -1.504 0.0194 

ostta02g05290 Blue Green 189.70 66.86 -1.504 0.0194 

ostta12g00590 Blue Green 153.29 53.93 -1.507 0.0146 

ostta10g01900 Blue Green 24.72 8.69 -1.508 0.0072 

ostta01g06200 Blue Green 93.27 32.77 -1.509 0.0146 

ostta02g02790 Blue Green 337.36 118.44 -1.510 0.0173 

ostta09g00890 Blue Green 85.30 29.92 -1.511 0.0114 

ostta07g02900 Blue Green 325.54 114.16 -1.512 0.0317 

ostta10g00010 Blue Green 25.51 8.95 -1.512 0.0242 

ostta08g01340 Blue Green 43.79 15.32 -1.515 0.0265 

ostta08g00480 Blue Green 437.78 152.84 -1.518 0.0285 

ostta03g02650 Blue Green 402.07 140.36 -1.518 0.0265 

ostta06g01470 Blue Green 246.25 85.69 -1.523 0.0114 

ostta07g02060 Blue Green 238.79 83.06 -1.523 0.0265 

ostta01g00190 Blue Green 246.56 85.73 -1.524 0.0242 
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ostta07g03380 Blue Green 906.63 314.98 -1.525 0.0072 

ostta07g01200 Blue Green 639.66 222.21 -1.525 0.0265 

ostta14g00940 Blue Green 57.92 20.07 -1.529 0.0242 

ostta01g06390 Blue Green 179.08 62.00 -1.530 0.0114 

ostta03g02350 Blue Green 272.59 94.25 -1.532 0.0265 

ostta13g00885 Blue Green 420.96 144.93 -1.538 0.0072 

ostta15g00580 Blue Green 252.67 86.89 -1.540 0.0072 

ostta05g04770 Blue Green 666.10 228.80 -1.542 0.0265 

ostta01g00450 Blue Green 47.49 16.30 -1.543 0.0072 

ostta07g04020 Blue Green 105.66 36.17 -1.546 0.0173 

ostta07g04660 Blue Green 230.54 78.79 -1.549 0.0265 

ostta02g04930 Blue Green 222.54 75.77 -1.554 0.0072 

ostta06g02970 Blue Green 96.86 32.85 -1.560 0.0072 

ostta16g00700 Blue Green 42.98 14.56 -1.561 0.0173 

ostta20g00560 Blue Green 34.79 11.78 -1.562 0.0114 

ostta14g00290 Blue Green 28.41 9.61 -1.564 0.0114 

ostta07g00750 Blue Green 150.30 50.80 -1.565 0.0072 

ostta03g01170 Blue Green 457.93 154.43 -1.568 0.0072 

ostta06g00580 Blue Green 252.99 85.27 -1.569 0.0357 

ostta19g00170 Blue Green 139.25 46.85 -1.572 0.0221 

ostta01g05620 Blue Green 33.58 11.29 -1.573 0.0173 

ostta08g03090 Blue Green 103.16 34.58 -1.577 0.0072 

ostta05g02870 Blue Green 373.44 125.07 -1.578 0.0072 

ostta08g03170 Blue Green 73.37 24.51 -1.582 0.0072 

ostta04g04870 Blue Green 744.95 248.78 -1.582 0.0072 

ostta11g03210 Blue Green 202.84 67.66 -1.584 0.0285 

ostta05g03820 Blue Green 505.42 168.51 -1.585 0.0072 

ostta06g02410 Blue Green 1233.69 410.56 -1.587 0.0221 

ostta18g00630 Blue Green 662.90 219.73 -1.593 0.0072 

ostta08g01400 Blue Green 87.75 28.98 -1.598 0.0285 

ostta01g04980 Blue Green 120.75 39.73 -1.604 0.0114 

ostta06g00860 Blue Green 618.52 202.20 -1.613 0.0072 

ostta09g03130 Blue Green 90.93 29.67 -1.616 0.0146 

ostta06g04610 Blue Green 105.19 34.28 -1.618 0.0146 

ostta06g01030 Blue Green 356.95 116.12 -1.620 0.0072 

ostta02g05070 Blue Green 70.86 22.90 -1.629 0.0114 

ostta03g00690 Blue Green 539.23 173.93 -1.632 0.0194 

ostta06g01830 Blue Green 280.73 90.35 -1.635 0.0221 

ostta04g00570 Blue Green 204.11 65.65 -1.637 0.0146 

ostta03g00770 Blue Green 200.96 64.62 -1.637 0.0072 

ostta12g03000 Blue Green 122.55 39.39 -1.637 0.0114 

ostta01g05230 Blue Green 135.41 43.51 -1.638 0.0114 

ostta05g02120 Blue Green 256.17 82.25 -1.639 0.0242 

ostta16g01720 Blue Green 478.68 153.39 -1.642 0.0072 

ostta07g04330 Blue Green 91.58 29.19 -1.650 0.0194 

ostta06g04000 Blue Green 77.55 24.69 -1.651 0.0072 

ostta01g04840 Blue Green 232.86 74.08 -1.652 0.0173 

ostta03g05370 Blue Green 58.12 18.43 -1.657 0.0072 

ostta16g01170 Blue Green 40.76 12.80 -1.671 0.0072 

ostta05g03560 Blue Green 106.01 33.20 -1.675 0.0242 

ostta05g00440 Blue Green 12.91 4.02 -1.683 0.0438 
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ostta18g01680 Blue Green 243.26 75.73 -1.684 0.0114 

ostta06g01640 Blue Green 619.90 192.74 -1.685 0.0072 

ostta08g04210 Blue Green 161.64 50.20 -1.687 0.0173 

ostta07g03200 Blue Green 179.50 55.18 -1.702 0.0194 

ostta10g00320 Blue Green 133.64 41.07 -1.702 0.0114 

ostta01g06120 Blue Green 32.99 10.11 -1.706 0.0072 

ostta01g05470 Blue Green 146.49 44.51 -1.719 0.0173 

ostta06g00670 Blue Green 156.09 47.28 -1.723 0.0072 

ostta14g01060 Blue Green 231.46 70.02 -1.725 0.0072 

ostta14g02520 Blue Green 51.19 15.39 -1.734 0.0072 

ostta15g00740 Blue Green 63.97 19.19 -1.737 0.0146 

ostta05g04360 Blue Green 127.10 37.93 -1.745 0.0146 

ostta06g01120 Blue Green 181.58 53.96 -1.751 0.0146 

ostta15g01300 Blue Green 167.69 49.47 -1.761 0.0173 

ostta16g00990 Blue Green 73.99 21.79 -1.764 0.0072 

ostta05g00690 Blue Green 238.39 70.16 -1.765 0.0072 

ostta01g03480 Blue Green 54.81 16.08 -1.769 0.0072 

ostta03g05040 Blue Green 347.44 101.90 -1.770 0.0072 

ostta04g00970 Blue Green 107.19 31.31 -1.776 0.0072 

ostta09g00785 Blue Green 91.99 26.83 -1.778 0.0072 

ostta02g03840 Blue Green 38.84 11.25 -1.788 0.0072 

ostta18g01070 Blue Green 466.57 133.21 -1.808 0.0072 

ostta06g01610 Blue Green 126.74 36.08 -1.813 0.0072 

ostta08g02420 Blue Green 31.57 8.98 -1.813 0.0072 

ostta13g02140 Blue Green 135.81 38.57 -1.816 0.0072 

ostta17g01600 Blue Green 93.46 26.53 -1.817 0.0072 

ostta04g02880 Blue Green 49.21 13.96 -1.818 0.0072 

ostta07g04450 Blue Green 131.17 37.18 -1.819 0.0072 

ostta11g02020 Blue Green 180.21 50.98 -1.822 0.0242 

ostta15g02660 Blue Green 141.06 39.48 -1.837 0.0072 

ostta12g02110 Blue Green 98.05 27.33 -1.843 0.0072 

ostta01g00570 Blue Green 157.53 43.85 -1.845 0.0072 

ostta10g01740 Blue Green 120.52 33.52 -1.846 0.0072 

ostta03g02220 Blue Green 90.64 25.11 -1.852 0.0072 

ostta05g01450 Blue Green 206.11 57.05 -1.853 0.0072 

ostta05g00360 Blue Green 163.35 44.79 -1.867 0.0072 

ostta15g02560 Blue Green 86.56 23.57 -1.877 0.0072 

ostta17g01310 Blue Green 76.11 20.38 -1.901 0.0072 

ostta10g00150 Blue Green 150.51 40.28 -1.902 0.0072 

ostta06g03980 Blue Green 865.44 230.85 -1.906 0.0072 

ostta16g02347 Blue Green 81.07 21.50 -1.915 0.0072 

ostta15g01840 Blue Green 199.81 52.94 -1.916 0.0072 

ostta03g04380 Blue Green 285.03 75.37 -1.919 0.0072 

ostta15g01560 Blue Green 55.90 14.55 -1.942 0.0072 

ostta12g00070 Blue Green 111.43 28.92 -1.946 0.0072 

ostta04g01120 Blue Green 298.60 76.81 -1.959 0.0072 

ostta17g02160 Blue Green 211.28 54.33 -1.959 0.0072 

ostta07g04430 Blue Green 30.88 7.93 -1.962 0.0072 

ostta04g04050 Blue Green 70.55 18.03 -1.968 0.0072 

ostta08g01690 Blue Green 107.15 27.26 -1.975 0.0072 

ostta08g02930 Blue Green 423.35 107.46 -1.978 0.0072 
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ostta07g01810 Blue Green 155.23 39.01 -1.993 0.0072 

ostta17g02220 Blue Green 576.14 144.63 -1.994 0.0072 

ostta07g00780 Blue Green 642.12 160.42 -2.001 0.0072 

ostta05g00190 Blue Green 211.62 52.77 -2.004 0.0072 

ostta18g01220 Blue Green 59.18 14.73 -2.007 0.0072 

ostta01g00720 Blue Green 354.44 87.96 -2.011 0.0072 

ostta01g06010 Blue Green 310.21 75.54 -2.038 0.0072 

ostta13g01240 Blue Green 84.61 20.55 -2.042 0.0072 

ostta08g01000 Blue Green 72.37 17.32 -2.063 0.0072 

ostta10g02520 Blue Green 35.18 8.41 -2.064 0.0072 

ostta01g04380 Blue Green 251.95 59.96 -2.071 0.0072 

ostta11g03220 Blue Green 58.09 13.79 -2.075 0.0072 

ostta05g04180 Blue Green 311.80 73.93 -2.076 0.0072 

ostta05g03410 Blue Green 50.79 12.00 -2.082 0.0072 

ostta09g01210 Blue Green 79.82 18.73 -2.091 0.0072 

ostta02g04010 Blue Green 99.31 23.15 -2.101 0.0072 

ostta05g01080 Blue Green 113.74 26.42 -2.106 0.0072 

ostta16g01760 Blue Green 164.78 38.13 -2.111 0.0072 

ostta15g01610 Blue Green 270.23 62.04 -2.123 0.0072 

ostta18g00680 Blue Green 47.06 10.76 -2.129 0.0072 

ostta04g00340 Blue Green 58.76 13.34 -2.139 0.0072 

ostta14g01110 Blue Green 114.30 25.87 -2.143 0.0072 

ostta04g04930 Blue Green 18.50 4.17 -2.151 0.0072 

ostta16g00610 Blue Green 105.60 23.75 -2.153 0.0072 

ostta11g02120 Blue Green 138.08 31.00 -2.155 0.0072 

ostta16g01790 Blue Green 69.35 15.46 -2.166 0.0072 

ostta14g00780 Blue Green 124.14 27.05 -2.198 0.0072 

ostta04g00770 Blue Green 77.56 16.83 -2.204 0.0072 

ostta04g02770 Blue Green 155.97 33.72 -2.210 0.0072 

ostta03g00060 Blue Green 170.91 36.82 -2.215 0.0072 

ostta09g01960 Blue Green 243.90 51.82 -2.235 0.0072 

ostta05g04940 Blue Green 198.70 41.83 -2.248 0.0072 

ostta17g00640 Blue Green 214.26 43.91 -2.287 0.0072 

ostta09g01190 Blue Green 234.46 47.75 -2.296 0.0072 

ostta05g00450 Blue Green 235.72 47.94 -2.298 0.0072 

ostta13g01100 Blue Green 302.29 59.74 -2.339 0.0072 

ostta09g00290 Blue Green 271.39 53.31 -2.348 0.0072 

ostta11g00160 Blue Green 117.08 22.92 -2.353 0.0072 

ostta05g03090 Blue Green 71.31 13.63 -2.387 0.0072 

ostta03g04840 Blue Green 116.02 21.28 -2.447 0.0072 

ostta05g02880 Blue Green 236.79 42.81 -2.468 0.0072 

ostta01g02040 Red Blue 3.91 15.09 1.948 0.0221 

ostta03g00910 Red Blue 8.30 23.93 1.527 0.0146 

ostta01g02040 Red Green 3.91 29.75 2.928 0.0072 

ostta10g00950 Red Green 229.14 685.22 1.580 0.0173 

ostta10g00930 Red Green 97.03 289.13 1.575 0.0265 

ostta18g01920 Red Green 59.87 174.76 1.545 0.0072 

ostta12g00660 Red Green 17.97 52.22 1.539 0.0072 

ostta10g02040 Red Green 9.14 26.49 1.535 0.0114 

ostta08g04020 Red Green 88.92 251.72 1.501 0.0072 

ostta01g03880 Red Green 208.29 574.00 1.462 0.0072 
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ostta10g00920 Red Green 181.92 500.02 1.459 0.0194 

ostta07g00920 Red Green 36.92 98.10 1.410 0.0072 

ostta10g00940 Red Green 1193.79 3110.45 1.382 0.0146 

ostta03g00910 Red Green 8.30 21.43 1.368 0.0114 

ostta01g05380 Red Green 21.84 55.53 1.346 0.0072 

ostta03g02380 Red Green 308.78 726.80 1.235 0.0242 

ostta15g01710 Red Green 33.85 79.21 1.226 0.0194 

ostta08g04300 Red Green 9.21 21.39 1.216 0.0302 

ostta07g04470 Red Green 125.60 290.96 1.212 0.0072 

ostta05g04790 Red Green 38.32 86.80 1.179 0.0072 

ostta10g00970 Red Green 9.91 22.33 1.172 0.0285 

ostta13g02380 Red Green 20.34 44.99 1.145 0.0339 

ostta16g01960 Red Green 24.60 53.89 1.131 0.0194 

ostta03g05620 Red Green 23.46 50.86 1.116 0.0072 

ostta08g04240 Red Green 200.71 432.66 1.108 0.0425 

ostta05g04350 Red Green 34.31 71.81 1.066 0.0173 

ostta10g00960 Red Green 11.25 23.27 1.049 0.0406 

ostta05g04970 Red Green 9.02 18.31 1.021 0.0302 

ostta12g01970 Red Green 96.62 194.62 1.010 0.0406 

ostta09g00780 Red Green 90.78 176.39 0.958 0.0285 

ostta02g03930 Red Green 227.78 439.34 0.948 0.0425 

ostta16g00650 Red Green 154.25 296.12 0.941 0.0285 

ostta08g00690 Red Green 26.01 48.69 0.905 0.0339 

ostta16g01110 Red Green 28.38 52.93 0.899 0.0406 

ostta04g01510 Red Green 140.83 261.19 0.891 0.0406 

ostta01g02080 Red Green 54.84 100.69 0.877 0.0302 

ostta17g01050 Red Green 78.37 39.15 -1.001 0.0438 

ostta05g04990 Red Green 43.10 21.42 -1.009 0.0438 

ostta13g00690 Red Green 11.79 5.82 -1.019 0.0377 

ostta17g01520 Red Green 59.77 29.43 -1.022 0.0377 

ostta04g04310 Red Green 76.00 37.01 -1.038 0.0467 

ostta05g03820 Red Green 346.47 168.51 -1.040 0.0377 

ostta13g00070 Red Green 292.55 141.86 -1.044 0.0302 

ostta11g00660 Red Green 15.95 7.68 -1.054 0.0242 

ostta10g00565 Red Green 84.86 40.85 -1.055 0.0317 

ostta05g02870 Red Green 261.77 125.07 -1.066 0.0285 

ostta01g00150 Red Green 46.75 22.33 -1.066 0.0317 

ostta14g00690 Red Green 69.09 32.94 -1.069 0.0467 

ostta14g02080 Red Green 191.31 90.81 -1.075 0.0285 

ostta16g00700 Red Green 30.86 14.56 -1.083 0.0467 

ostta03g01070 Red Green 310.20 144.03 -1.107 0.0265 

ostta18g00160 Red Green 115.67 53.70 -1.107 0.0453 

ostta07g02070 Red Green 57.19 26.44 -1.113 0.0357 

ostta01g00530 Red Green 71.14 32.88 -1.113 0.0406 

ostta16g00550 Red Green 16.05 7.36 -1.126 0.0489 

ostta07g02060 Red Green 181.50 83.06 -1.128 0.0302 

ostta03g01170 Red Green 340.01 154.43 -1.139 0.0242 

ostta14g00290 Red Green 21.30 9.61 -1.149 0.0242 

ostta18g01120 Red Green 192.52 86.61 -1.152 0.0339 

ostta16g00530 Red Green 1209.74 540.72 -1.162 0.0390 

ostta20g00560 Red Green 26.50 11.78 -1.169 0.0453 
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ostta03g04970 Red Green 83.89 37.11 -1.177 0.0114 

ostta14g00490 Red Green 92.93 40.96 -1.182 0.0221 

ostta16g00330 Red Green 344.76 151.92 -1.182 0.0339 

ostta02g05260 Red Green 20.16 8.87 -1.184 0.0146 

ostta07g01760 Red Green 153.10 66.96 -1.193 0.0114 

ostta06g01030 Red Green 265.70 116.12 -1.194 0.0285 

ostta11g01100 Red Green 159.23 69.58 -1.194 0.0467 

ostta06g01550 Red Green 8.44 3.69 -1.196 0.0317 

ostta03g05760 Red Green 299.92 130.91 -1.196 0.0339 

ostta07g03380 Red Green 723.52 314.98 -1.200 0.0377 

ostta16g01720 Red Green 353.22 153.39 -1.203 0.0194 

ostta09g03580 Red Green 119.40 51.84 -1.204 0.0302 

ostta07g00710 Red Green 49.74 21.52 -1.209 0.0173 

ostta10g01900 Red Green 20.11 8.69 -1.210 0.0317 

ostta06g01960 Red Green 217.31 93.75 -1.213 0.0425 

ostta02g04930 Red Green 175.94 75.77 -1.215 0.0357 

ostta13g00720 Red Green 486.12 208.88 -1.219 0.0406 

ostta12g03000 Red Green 91.68 39.39 -1.219 0.0302 

ostta07g04450 Red Green 86.58 37.18 -1.219 0.0146 

ostta05g00690 Red Green 163.60 70.16 -1.221 0.0302 

ostta13g00130 Red Green 148.72 63.61 -1.225 0.0390 

ostta06g02410 Red Green 961.24 410.56 -1.227 0.0467 

ostta07g03260 Red Green 69.01 29.34 -1.234 0.0285 

ostta05g03750 Red Green 73.49 30.98 -1.246 0.0221 

ostta02g04500 Red Green 18.34 7.73 -1.246 0.0146 

ostta03g02650 Red Green 333.06 140.36 -1.247 0.0438 

ostta14g01060 Red Green 166.60 70.02 -1.251 0.0173 

ostta02g05290 Red Green 159.17 66.86 -1.251 0.0453 

ostta06g02970 Red Green 78.26 32.85 -1.252 0.0072 

ostta03g03300 Red Green 2068.08 867.39 -1.254 0.0072 

ostta05g02690 Red Green 106.00 44.38 -1.256 0.0406 

ostta06g01640 Red Green 460.82 192.74 -1.258 0.0302 

ostta12g00590 Red Green 129.45 53.93 -1.263 0.0467 

ostta06g04610 Red Green 82.95 34.28 -1.275 0.0265 

ostta18g00630 Red Green 535.70 219.73 -1.286 0.0146 

ostta15g00740 Red Green 47.04 19.19 -1.294 0.0357 

ostta07g04020 Red Green 89.23 36.17 -1.303 0.0390 

ostta08g03170 Red Green 60.98 24.51 -1.315 0.0317 

ostta09g00890 Red Green 74.93 29.92 -1.324 0.0173 

ostta07g00750 Red Green 127.84 50.80 -1.332 0.0114 

ostta06g00860 Red Green 510.29 202.20 -1.336 0.0146 

ostta07g04660 Red Green 199.43 78.79 -1.340 0.0194 

ostta01g05470 Red Green 113.73 44.51 -1.354 0.0438 

ostta10g00320 Red Green 105.35 41.07 -1.359 0.0390 

ostta02g02790 Red Green 306.28 118.44 -1.371 0.0317 

ostta08g04210 Red Green 129.99 50.20 -1.373 0.0339 

ostta01g06120 Red Green 26.31 10.11 -1.380 0.0265 

ostta06g00670 Red Green 123.02 47.28 -1.380 0.0390 

ostta01g03480 Red Green 42.19 16.08 -1.392 0.0194 

ostta03g05040 Red Green 267.83 101.90 -1.394 0.0194 

ostta06g01610 Red Green 95.62 36.08 -1.406 0.0146 
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ostta16g01170 Red Green 34.09 12.80 -1.414 0.0072 

ostta04g00970 Red Green 83.94 31.31 -1.423 0.0425 

ostta06g04000 Red Green 66.49 24.69 -1.429 0.0173 

ostta03g05370 Red Green 49.72 18.43 -1.431 0.0173 

ostta05g03560 Red Green 89.96 33.20 -1.438 0.0194 

ostta09g03130 Red Green 80.53 29.67 -1.440 0.0302 

ostta01g04840 Red Green 202.20 74.08 -1.449 0.0221 

ostta10g01740 Red Green 91.58 33.52 -1.450 0.0221 

ostta03g02220 Red Green 68.83 25.11 -1.455 0.0072 

ostta09g00785 Red Green 74.07 26.83 -1.465 0.0146 

ostta18g01070 Red Green 369.07 133.21 -1.470 0.0072 

ostta17g01600 Red Green 73.93 26.53 -1.479 0.0072 

ostta18g01680 Red Green 211.97 75.73 -1.485 0.0114 

ostta15g02560 Red Green 66.21 23.57 -1.490 0.0072 

ostta16g00990 Red Green 61.41 21.79 -1.495 0.0438 

ostta06g01120 Red Green 152.30 53.96 -1.497 0.0221 

ostta16g02347 Red Green 60.84 21.50 -1.501 0.0146 

ostta11g02020 Red Green 144.45 50.98 -1.502 0.0173 

ostta03g04380 Red Green 213.97 75.37 -1.505 0.0146 

ostta15g01840 Red Green 150.40 52.94 -1.506 0.0339 

ostta15g02660 Red Green 112.75 39.48 -1.514 0.0467 

ostta14g02520 Red Green 43.98 15.39 -1.515 0.0114 

ostta13g02140 Red Green 110.64 38.57 -1.520 0.0072 

ostta05g01450 Red Green 165.68 57.05 -1.538 0.0194 

ostta10g00150 Red Green 117.35 40.28 -1.543 0.0173 

ostta17g02160 Red Green 158.72 54.33 -1.547 0.0114 

ostta07g03200 Red Green 161.56 55.18 -1.550 0.0114 

ostta07g01810 Red Green 114.35 39.01 -1.552 0.0072 

ostta17g01310 Red Green 60.09 20.38 -1.560 0.0072 

ostta17g02220 Red Green 429.09 144.63 -1.569 0.0194 

ostta15g01560 Red Green 43.26 14.55 -1.572 0.0285 

ostta04g01120 Red Green 229.59 76.81 -1.580 0.0146 

ostta04g02880 Red Green 41.83 13.96 -1.583 0.0072 

ostta06g03980 Red Green 695.56 230.85 -1.591 0.0114 

ostta05g00360 Red Green 135.68 44.79 -1.599 0.0072 

ostta04g04050 Red Green 54.63 18.03 -1.599 0.0194 

ostta01g00570 Red Green 133.39 43.85 -1.605 0.0146 

ostta01g00720 Red Green 271.10 87.96 -1.624 0.0114 

ostta05g00190 Red Green 163.23 52.77 -1.629 0.0114 

ostta11g03220 Red Green 43.17 13.79 -1.647 0.0173 

ostta07g00780 Red Green 502.42 160.42 -1.647 0.0114 

ostta04g00340 Red Green 41.81 13.34 -1.648 0.0072 

ostta08g02930 Red Green 337.45 107.46 -1.651 0.0114 

ostta12g00070 Red Green 90.81 28.92 -1.651 0.0114 

ostta05g01080 Red Green 84.31 26.42 -1.674 0.0173 

ostta08g02420 Red Green 28.74 8.98 -1.678 0.0072 

ostta10g02520 Red Green 27.16 8.41 -1.691 0.0072 

ostta08g01000 Red Green 55.98 17.32 -1.693 0.0114 

ostta18g01220 Red Green 47.69 14.73 -1.695 0.0072 

ostta05g03410 Red Green 38.96 12.00 -1.700 0.0242 

ostta18g00680 Red Green 35.24 10.76 -1.712 0.0072 
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ostta01g04380 Red Green 196.69 59.96 -1.714 0.0302 

ostta13g01240 Red Green 67.44 20.55 -1.714 0.0221 

ostta05g04180 Red Green 244.44 73.93 -1.725 0.0265 

ostta16g01760 Red Green 126.63 38.13 -1.731 0.0114 

ostta09g01210 Red Green 62.36 18.73 -1.735 0.0114 

ostta02g04010 Red Green 77.27 23.15 -1.739 0.0146 

ostta07g04430 Red Green 26.78 7.93 -1.756 0.0072 

ostta01g06010 Red Green 255.42 75.54 -1.758 0.0146 

ostta05g04940 Red Green 141.61 41.83 -1.759 0.0072 

ostta04g02770 Red Green 114.57 33.72 -1.764 0.0173 

ostta15g01610 Red Green 215.11 62.04 -1.794 0.0072 

ostta14g01110 Red Green 91.37 25.87 -1.820 0.0146 

ostta03g04840 Red Green 75.31 21.28 -1.823 0.0072 

ostta14g00780 Red Green 96.39 27.05 -1.833 0.0072 

ostta11g02120 Red Green 110.50 31.00 -1.834 0.0194 

ostta16g00610 Red Green 84.81 23.75 -1.836 0.0114 

ostta04g00770 Red Green 60.13 16.83 -1.837 0.0072 

ostta03g00060 Red Green 132.79 36.82 -1.851 0.0072 

ostta17g00640 Red Green 159.43 43.91 -1.860 0.0072 

ostta09g00290 Red Green 194.00 53.31 -1.864 0.0072 

ostta04g04930 Red Green 15.28 4.17 -1.875 0.0114 

ostta16g01790 Red Green 56.90 15.46 -1.880 0.0072 

ostta09g01960 Red Green 193.42 51.82 -1.900 0.0072 

ostta09g01190 Red Green 180.41 47.75 -1.918 0.0072 

ostta05g00450 Red Green 186.10 47.94 -1.957 0.0072 

ostta05g02880 Red Green 168.89 42.81 -1.980 0.0072 

ostta13g01100 Red Green 237.64 59.74 -1.992 0.0072 

ostta11g00160 Red Green 92.30 22.92 -2.010 0.0072 

ostta05g03090 Red Green 59.04 13.63 -2.115 0.0072 

 

RCC809 genes 

 

 

 

Gene ID 

Light 

condition 1 

Light 

condition 2 FPKM 1 FPKM 2 

log2 fold 

change 

FDR 

corrected 

q value 

Od15g01270 Red Blue 43.60 281.66 2.692 0.0009 

Od03g03140 Red Blue 2.18 14.04 2.689 0.0009 

Od01g06420 Red Blue 12.60 78.19 2.634 0.0009 

Od08g02000 Red Blue 8.83 46.84 2.408 0.0009 

Od10g02190 Red Blue 1.63 8.51 2.385 0.0009 

Od07g00170 Red Blue 1.30 6.78 2.383 0.0009 

Od06g00550 Red Blue 1.71 8.58 2.331 0.0357 

Od02g00200 Red Blue 8.88 44.41 2.322 0.0009 

Od04g04760 Red Blue 2.77 13.81 2.318 0.0009 
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Od07g03400 Red Blue 1.04 4.90 2.237 0.0363 

Od04g03190 Red Blue 10.72 50.03 2.223 0.0009 

Od09g01360 Red Blue 4.93 22.42 2.185 0.0009 

Od09g02300 Red Blue 44.82 200.61 2.162 0.0009 

Od19g00300 Red Blue 4.75 20.90 2.138 0.0009 

Od07g02550 Red Blue 4.06 17.75 2.128 0.0009 

Od20g03310 Red Blue 5.23 22.61 2.112 0.0009 

Od15g01190 Red Blue 0.79 3.38 2.101 0.0392 

Od06g07360 Red Blue 10.05 42.75 2.088 0.0009 

Od08g00870 Red Blue 36.19 151.85 2.069 0.0009 

Od16g00070 Red Blue 14.09 58.64 2.058 0.0041 

Od01g06650 Red Blue 15.91 66.16 2.056 0.0009 

Od07g03280 Red Blue 4.97 20.40 2.037 0.0009 

Od11g03720 Red Blue 2.99 12.13 2.021 0.0029 

Od13g01200 Red Blue 8.56 33.81 1.981 0.0009 

Od16g00040 Red Blue 1.38 5.43 1.979 0.0009 

Od04g00010 Red Blue 4.86 19.02 1.968 0.0009 

Od14g00130 Red Blue 41.62 162.67 1.967 0.0009 

Od09g05770 Red Blue 3.16 12.18 1.948 0.0009 

Od04g05000 Red Blue 1.26 4.87 1.945 0.0009 

Od08g03260 Red Blue 3.91 14.96 1.934 0.0009 

Od15g00940 Red Blue 1.59 6.05 1.927 0.0029 

Od11g00070 Red Blue 66.62 252.45 1.922 0.0009 

Od01g00560 Red Blue 20.56 77.56 1.915 0.0009 

Od07g00820 Red Blue 2.09 7.89 1.915 0.0046 

Od07g03850 Red Blue 11.17 41.90 1.908 0.0009 

Od07g00400 Red Blue 17.63 64.09 1.862 0.0009 

Od11g01330 Red Blue 8.48 30.29 1.837 0.0009 

Od12g01040 Red Blue 20.65 72.47 1.811 0.0009 

Od02g03820 Red Blue 4.23 14.66 1.793 0.0352 

Od20g00270 Red Blue 23.94 82.85 1.791 0.0009 

Od02g00320 Red Blue 13.48 46.61 1.790 0.0009 

Od16g00230 Red Blue 1.01 3.46 1.779 0.0331 

Od12g01020 Red Blue 4.98 17.07 1.777 0.0009 

Od07g02560 Red Blue 9.83 32.56 1.727 0.0009 

Od06g04270 Red Blue 2.44 8.04 1.718 0.0100 

Od14g00930 Red Blue 10.16 33.04 1.702 0.0009 

Od01g04620 Red Blue 0.93 3.02 1.698 0.0104 

Od05g00920 Red Blue 2.93 9.51 1.697 0.0009 

Od07g04620 Red Blue 31.45 101.21 1.686 0.0009 

Od17g01800 Red Blue 26.36 84.66 1.684 0.0009 

Od05g01470 Red Blue 7.57 24.18 1.675 0.0009 

Od06g04090 Red Blue 24.79 79.02 1.673 0.0009 
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Od16g02610 Red Blue 1.31 4.15 1.658 0.0492 

Od02g03170 Red Blue 7.55 23.71 1.652 0.0009 

Od07g00180 Red Blue 72.06 225.13 1.643 0.0009 

Od17g00150 Red Blue 2.84 8.83 1.634 0.0108 

Od20g00700 Red Blue 1.36 4.23 1.634 0.0405 

Od11g04460 Red Blue 67.02 207.26 1.629 0.0009 

Od02g00300 Red Blue 182.62 564.13 1.627 0.0138 

Od01g04760 Red Blue 24.58 75.50 1.619 0.0009 

Od16g02330 Red Blue 9.23 28.09 1.605 0.0122 

Od20g01170 Red Blue 11.84 35.95 1.603 0.0009 

Od04g00640 Red Blue 1.00 3.04 1.600 0.0224 

Od20g00470 Red Blue 6.59 19.92 1.597 0.0057 

Od11g02280 Red Blue 0.71 2.13 1.595 0.0275 

Od14g03320 Red Blue 24.38 73.39 1.590 0.0009 

Od02g03540 Red Blue 15.19 45.17 1.572 0.0009 

Od01g06640 Red Blue 7.47 22.21 1.572 0.0009 

Od15g00900 Red Blue 6.27 18.63 1.571 0.0009 

Od11g00400 Red Blue 5.56 16.48 1.568 0.0009 

Od14g00740 Red Blue 15.37 45.32 1.560 0.0009 

Od04g05390 Red Blue 1.09 3.20 1.547 0.0252 

Od10g01870 Red Blue 74.83 218.38 1.545 0.0009 

Od05g03110 Red Blue 11.89 34.31 1.529 0.0009 

Od15g00600 Red Blue 8.63 24.87 1.527 0.0009 

Od12g00140 Red Blue 174.21 495.77 1.509 0.0009 

Od13g00190 Red Blue 37.79 107.42 1.507 0.0009 

Od12g00180 Red Blue 7.59 21.56 1.507 0.0009 

Od08g02560 Red Blue 3.29 9.33 1.505 0.0009 

Od12g02770 Red Blue 5.26 14.92 1.504 0.0095 

Od08g01720 Red Blue 4.06 11.44 1.494 0.0016 

Od13g00760 Red Blue 5.57 15.40 1.466 0.0009 

Od07g03640 Red Blue 10.02 27.62 1.463 0.0081 

Od01g06980 Red Blue 12.06 33.08 1.456 0.0009 

Od04g00100 Red Blue 1.39 3.77 1.443 0.0046 

Od01g06080 Red Blue 2.97 8.02 1.433 0.0482 

Od09g02770 Red Blue 0.76 2.04 1.432 0.0213 

Od16g00130 Red Blue 2.18 5.88 1.432 0.0023 

Od02g04240 Red Blue 3.11 8.32 1.417 0.0130 

Od13g02310 Red Blue 4.50 11.93 1.408 0.0009 

Od05g00890 Red Blue 40.52 106.18 1.390 0.0009 

Od02g04350 Red Blue 205.62 536.13 1.383 0.0009 

Od04g03210 Red Blue 7.40 19.21 1.377 0.0009 

Od20g03270 Red Blue 12.08 31.32 1.374 0.0046 

Od11g03080 Red Blue 77.64 201.23 1.374 0.0009 
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Od11g02550 Red Blue 1.14 2.94 1.371 0.0122 

Od05g01450 Red Blue 11.39 29.36 1.366 0.0009 

Od15g00350 Red Blue 10.97 28.28 1.366 0.0009 

Od05g00220 Red Blue 23.40 60.18 1.363 0.0009 

Od08g01730 Red Blue 24.43 62.70 1.360 0.0009 

Od06g02450 Red Blue 9.45 24.26 1.360 0.0041 

Od10g01650 Red Blue 10.59 27.04 1.352 0.0009 

Od08g01230 Red Blue 6.68 17.00 1.347 0.0009 

Od16g01060 Red Blue 9.08 23.08 1.346 0.0009 

Od13g03060 Red Blue 6.33 16.08 1.345 0.0035 

Od14g00290 Red Blue 1.21 3.06 1.340 0.0076 

Od04g01690 Red Blue 23.61 59.58 1.336 0.0009 

Od03g01650 Red Blue 19.69 49.66 1.334 0.0009 

Od05g03390 Red Blue 3.18 7.99 1.328 0.0009 

Od14g00870 Red Blue 0.96 2.41 1.324 0.0009 

Od14g02910 Red Blue 4.55 11.36 1.318 0.0041 

Od13g01790 Red Blue 9.97 24.75 1.312 0.0009 

Od19g01210 Red Blue 2.43 6.03 1.312 0.0041 

Od13g01990 Red Blue 17.05 42.22 1.308 0.0009 

Od07g00310 Red Blue 21.82 53.86 1.304 0.0009 

Od08g00250 Red Blue 10.92 26.94 1.303 0.0041 

Od02g02690 Red Blue 727.30 1779.39 1.291 0.0009 

Od01g05320 Red Blue 19.20 46.92 1.289 0.0009 

Od01g02570 Red Blue 10.69 26.11 1.288 0.0009 

Od12g00030 Red Blue 24.01 58.32 1.280 0.0009 

Od04g00260 Red Blue 12.84 31.04 1.273 0.0009 

Od14g03310 Red Blue 51.99 125.26 1.269 0.0009 

Od06g01470 Red Blue 8.55 20.51 1.263 0.0009 

Od04g04730 Red Blue 7.75 18.53 1.258 0.0009 

Od10g02340 Red Blue 19.16 45.78 1.256 0.0009 

Od19g00350 Red Blue 5.57 13.26 1.251 0.0035 

Od04g00830 Red Blue 11.33 26.95 1.249 0.0009 

Od11g02410 Red Blue 4.19 9.96 1.249 0.0234 

Od16g02500 Red Blue 30.39 71.93 1.243 0.0009 

Od15g00850 Red Blue 6.41 15.17 1.242 0.0009 

Od07g00480 Red Blue 17.48 41.29 1.240 0.0009 

Od04g04740 Red Blue 9.01 21.26 1.238 0.0046 

Od01g05030 Red Blue 77.97 183.89 1.238 0.0009 

Od05g01170 Red Blue 390.73 918.57 1.233 0.0009 

Od15g00840 Red Blue 4.07 9.53 1.229 0.0023 

Od14g01080 Red Blue 45.84 106.93 1.222 0.0009 

Od05g03930 Red Blue 19.06 44.35 1.218 0.0009 

Od14g02780 Red Blue 10.25 23.81 1.216 0.0009 
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Od11g00700 Red Blue 19.66 45.29 1.204 0.0009 

Od10g02150 Red Blue 109.90 253.01 1.203 0.0009 

Od09g02830 Red Blue 6.46 14.83 1.200 0.0035 

Od01g01650 Red Blue 17.56 40.32 1.199 0.0009 

Od09g03810 Red Blue 3.16 7.25 1.198 0.0086 

Od12g00290 Red Blue 17.75 40.58 1.193 0.0009 

Od11g00170 Red Blue 49.90 113.95 1.191 0.0009 

Od09g05100 Red Blue 28.56 65.13 1.189 0.0009 

Od08g00520 Red Blue 69.17 157.67 1.189 0.0009 

Od01g01230 Red Blue 57.22 130.38 1.188 0.0009 

Od02g00310 Red Blue 762.35 1735.42 1.187 0.0009 

Od09g03260 Red Blue 6.53 14.85 1.184 0.0029 

Od04g00790 Red Blue 13.01 29.40 1.177 0.0009 

Od06g02440 Red Blue 3.65 8.25 1.175 0.0281 

Od02g03580 Red Blue 36.03 81.15 1.171 0.0009 

Od06g04290 Red Blue 95.22 214.31 1.170 0.0009 

Od01g03410 Red Blue 18.24 41.05 1.170 0.0009 

Od12g00470 Red Blue 10.02 22.55 1.170 0.0009 

Od20g00460 Red Blue 14.94 33.60 1.170 0.0035 

Od04g05300 Red Blue 36.94 82.96 1.167 0.0009 

Od01g05390 Red Blue 3.58 8.03 1.167 0.0381 

Od09g05490 Red Blue 8.62 19.30 1.163 0.0062 

Od12g00160 Red Blue 49.48 110.67 1.161 0.0009 

Od14g01370 Red Blue 1.21 2.69 1.157 0.0431 

Od17g00270 Red Blue 13.12 29.18 1.153 0.0009 

Od14g01000 Red Blue 19.99 44.44 1.152 0.0009 

Od06g07370 Red Blue 42.38 94.20 1.152 0.0009 

Od09g01150 Red Blue 16.21 35.96 1.149 0.0009 

Od05g01230 Red Blue 26.95 59.71 1.148 0.0016 

Od20g00040 Red Blue 19.66 43.46 1.144 0.0009 

Od06g01410 Red Blue 6.90 15.20 1.140 0.0009 

Od06g06460 Red Blue 5.92 13.01 1.135 0.0095 

Od16g01220 Red Blue 14.60 31.89 1.127 0.0009 

Od15g00790 Red Blue 20.16 43.78 1.119 0.0009 

Od19g00370 Red Blue 35.40 76.82 1.118 0.0009 

Od17g02170 Red Blue 23.13 49.89 1.109 0.0009 

Od09g00990 Red Blue 517.66 1112.81 1.104 0.0009 

Od07g04150 Red Blue 20.30 43.63 1.104 0.0016 

Od09g01340 Red Blue 11.65 25.01 1.103 0.0009 

Od06g02030 Red Blue 5.76 12.34 1.100 0.0150 

Od09g01330 Red Blue 13.28 28.44 1.098 0.0113 

Od17g03260 Red Blue 7.98 17.05 1.096 0.0016 

Od11g04240 Red Blue 155.12 328.77 1.084 0.0009 
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Od19g00740 Red Blue 238.55 505.52 1.083 0.0009 

Od17g03230 Red Blue 1.38 2.93 1.080 0.0009 

Od06g04890 Red Blue 96.52 203.82 1.078 0.0009 

Od13g01980 Red Blue 5.84 12.31 1.077 0.0052 

Od10g02380 Red Blue 131.33 277.01 1.077 0.0009 

Od09g04520 Red Blue 7.14 15.05 1.075 0.0170 

Od12g03660 Red Blue 10.62 22.34 1.073 0.0071 

Od10g01930 Red Blue 1.62 3.40 1.073 0.0009 

Od09g05920 Red Blue 18.58 39.02 1.071 0.0009 

Od08g02180 Red Blue 16.33 34.29 1.070 0.0009 

Od17g00980 Red Blue 7.85 16.45 1.067 0.0016 

Od01g03680 Red Blue 11.67 24.40 1.063 0.0016 

Od06g00540 Red Blue 8.87 18.50 1.061 0.0009 

Od17g00110 Red Blue 74.57 155.25 1.058 0.0009 

Od01g02880 Red Blue 9.91 20.62 1.056 0.0009 

Od11g01790 Red Blue 1.21 2.52 1.056 0.0281 

Od09g00610 Red Blue 10.12 21.00 1.054 0.0009 

Od12g01050 Red Blue 13.94 28.92 1.053 0.0016 

Od01g03480 Red Blue 14.71 30.52 1.053 0.0009 

Od07g00010 Red Blue 5.30 10.98 1.052 0.0009 

Od09g04040 Red Blue 15.30 31.69 1.051 0.0029 

Od01g02710 Red Blue 8.85 18.33 1.051 0.0016 

Od05g03690 Red Blue 3.85 7.94 1.044 0.0177 

Od04g05100 Red Blue 25.25 51.97 1.042 0.0126 

Od09g00150 Red Blue 51.37 105.66 1.041 0.0009 

Od01g02300 Red Blue 27.83 57.19 1.039 0.0009 

Od06g01240 Red Blue 24.53 50.35 1.038 0.0009 

Od12g00150 Red Blue 59.02 121.01 1.036 0.0009 

Od03g03210 Red Blue 130.85 268.20 1.035 0.0009 

Od04g04460 Red Blue 23.99 49.01 1.031 0.0009 

Od09g05840 Red Blue 6.48 13.22 1.030 0.0009 

Od14g00990 Red Blue 4.59 9.37 1.029 0.0023 

Od04g05220 Red Blue 69.58 141.83 1.028 0.0009 

Od11g03350 Red Blue 3.37 6.87 1.027 0.0417 

Od12g02100 Red Blue 23.58 48.04 1.026 0.0009 

Od09g02310 Red Blue 15.82 32.18 1.025 0.0046 

Od20g00710 Red Blue 2.28 4.64 1.024 0.0372 

Od20g02460 Red Blue 32.07 65.20 1.024 0.0009 

Od06g00230 Red Blue 8.79 17.86 1.022 0.0057 

Od06g03940 Red Blue 16.91 34.33 1.022 0.0009 

Od06g06240 Red Blue 43.17 87.36 1.017 0.0009 

Od19g00750 Red Blue 13.19 26.66 1.015 0.0009 

Od16g00380 Red Blue 34.21 68.95 1.011 0.0009 



 

  

 

167 

Od10g00970 Red Blue 15.89 31.98 1.009 0.0009 

Od01g00800 Red Blue 21.93 44.03 1.005 0.0009 

Od02g04830 Red Blue 14.09 28.18 1.000 0.0009 

Od01g05640 Red Blue 3.12 6.24 0.999 0.0016 

Od13g02870 Red Blue 16.91 33.62 0.991 0.0009 

Od04g05020 Red Blue 21.86 43.42 0.990 0.0009 

Od20g02320 Red Blue 11.80 23.42 0.989 0.0009 

Od13g00360 Red Blue 12.29 24.39 0.988 0.0067 

Od12g00240 Red Blue 300.54 595.29 0.986 0.0009 

Od14g01240 Red Blue 21.52 42.61 0.986 0.0009 

Od16g00290 Red Blue 76.66 151.62 0.984 0.0234 

Od09g06220 Red Blue 9.54 18.87 0.984 0.0192 

Od09g00660 Red Blue 11.34 22.38 0.981 0.0009 

Od11g00680 Red Blue 13.15 25.96 0.981 0.0016 

Od04g02770 Red Blue 28.13 55.45 0.979 0.0009 

Od07g00100 Red Blue 106.93 210.40 0.976 0.0009 

Od02g03200 Red Blue 33.24 65.39 0.976 0.0009 

Od09g04910 Red Blue 71.09 139.84 0.976 0.0009 

Od12g00120 Red Blue 11.35 22.32 0.976 0.0009 

Od09g05630 Red Blue 19.06 37.47 0.975 0.0009 

Od10g00880 Red Blue 54.06 106.05 0.972 0.0009 

Od06g02850 Red Blue 176.55 345.45 0.968 0.0009 

Od05g01080 Red Blue 19.55 38.23 0.967 0.0009 

Od15g00120 Red Blue 11.20 21.90 0.967 0.0086 

Od11g03030 Red Blue 37.98 74.08 0.964 0.0009 

Od11g04450 Red Blue 43.78 85.21 0.961 0.0009 

Od02g00440 Red Blue 18.88 36.70 0.959 0.0130 

Od11g03280 Red Blue 13.72 26.65 0.958 0.0046 

Od01g00580 Red Blue 14.66 28.44 0.956 0.0009 

Od12g00690 Red Blue 168.69 326.95 0.955 0.0009 

Od16g01180 Red Blue 12.49 24.20 0.954 0.0009 

Od07g02910 Red Blue 19.58 37.85 0.951 0.0009 

Od03g03030 Red Blue 9.23 17.81 0.949 0.0009 

Od20g02780 Red Blue 7.27 13.96 0.942 0.0104 

Od17g00780 Red Blue 31.74 60.97 0.942 0.0009 

Od01g00210 Red Blue 28.53 54.69 0.939 0.0009 

Od16g01870 Red Blue 54.98 105.37 0.938 0.0009 

Od07g02340 Red Blue 24.06 46.04 0.936 0.0009 

Od11g00410 Red Blue 60.68 115.91 0.934 0.0009 

Od06g01250 Red Blue 36.04 68.68 0.931 0.0009 

Od14g00920 Red Blue 28.93 55.06 0.928 0.0009 

Od16g01050 Red Blue 18.96 36.07 0.928 0.0009 

Od06g01270 Red Blue 8.43 16.03 0.927 0.0016 
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Od08g01990 Red Blue 5.65 10.72 0.925 0.0041 

Od01g05260 Red Blue 98.50 186.20 0.919 0.0009 

Od04g03550 Red Blue 53.88 101.73 0.917 0.0009 

Od06g02130 Red Blue 8.81 16.63 0.917 0.0100 

Od03g01340 Red Blue 36.63 68.92 0.912 0.0009 

Od06g04320 Red Blue 16.11 30.30 0.912 0.0009 

Od01g01160 Red Blue 8.06 15.15 0.911 0.0126 

Od07g03450 Red Blue 7.76 14.59 0.910 0.0220 

Od19g01100 Red Blue 73.23 137.62 0.910 0.0009 

Od09g05470 Red Blue 163.15 306.40 0.909 0.0016 

Od04g04880 Red Blue 25.45 47.65 0.905 0.0009 

Od05g03260 Red Blue 7.10 13.28 0.904 0.0255 

Od02g00280 Red Blue 35.63 66.54 0.901 0.0009 

Od13g01020 Red Blue 586.96 1094.84 0.899 0.0009 

Od13g01540 Red Blue 25.56 47.66 0.899 0.0126 

Od08g03280 Red Blue 18.15 33.76 0.895 0.0009 

Od01g04830 Red Blue 11.43 21.22 0.893 0.0104 

Od01g04670 Red Blue 10.96 20.34 0.892 0.0062 

Od06g06820 Red Blue 24.89 46.15 0.891 0.0009 

Od06g04940 Red Blue 65.96 122.21 0.890 0.0009 

Od19g01270 Red Blue 16.95 31.39 0.889 0.0009 

Od09g01680 Red Blue 17.22 31.89 0.889 0.0213 

Od07g03210 Red Blue 12.10 22.29 0.881 0.0029 

Od12g02690 Red Blue 17.40 31.95 0.877 0.0035 

Od05g01480 Red Blue 10.12 18.56 0.875 0.0009 

Od19g01000 Red Blue 13.38 24.50 0.873 0.0009 

Od11g01910 Red Blue 13.18 24.10 0.871 0.0009 

Od06g04390 Red Blue 8.75 15.97 0.867 0.0009 

Od09g02120 Red Blue 10.81 19.65 0.863 0.0009 

Od01g03470 Red Blue 55.63 101.11 0.862 0.0009 

Od01g01620 Red Blue 18.72 34.01 0.862 0.0029 

Od17g00090 Red Blue 45.97 83.30 0.858 0.0009 

Od15g01260 Red Blue 5.11 9.25 0.856 0.0130 

Od20g01520 Red Blue 13.25 23.97 0.855 0.0134 

Od20g00500 Red Blue 18.47 33.38 0.854 0.0290 

Od07g03870 Red Blue 6.13 11.07 0.853 0.0067 

Od04g03740 Red Blue 19.71 35.58 0.852 0.0023 

Od06g01640 Red Blue 30.50 55.02 0.851 0.0009 

Od02g03670 Red Blue 67.53 121.80 0.851 0.0009 

Od20g02870 Red Blue 44.28 79.82 0.850 0.0009 

Od07g03320 Red Blue 21.35 38.47 0.850 0.0009 

Od15g00200 Red Blue 14.02 25.26 0.850 0.0442 

Od05g01850 Red Blue 41.91 75.32 0.846 0.0009 
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Od05g00020 Red Blue 9.03 16.22 0.844 0.0484 

Od01g03690 Red Blue 13.75 24.68 0.844 0.0009 

Od12g02080 Red Blue 21.58 38.73 0.844 0.0023 

Od16g00280 Red Blue 68.14 122.12 0.842 0.0016 

Od06g03360 Red Blue 32.07 57.26 0.836 0.0023 

Od14g03140 Red Blue 4.47 7.97 0.834 0.0067 

Od11g01890 Red Blue 39.53 70.42 0.833 0.0009 

Od02g04740 Red Blue 89.74 159.51 0.830 0.0009 

Od06g05210 Red Blue 11.91 21.15 0.829 0.0122 

Od12g02680 Red Blue 18.44 32.70 0.827 0.0009 

Od09g05220 Red Blue 43.06 76.32 0.826 0.0009 

Od11g00490 Red Blue 16.95 30.00 0.824 0.0009 

Od10g01020 Red Blue 41.66 73.72 0.823 0.0016 

Od01g05270 Red Blue 16.38 28.98 0.823 0.0041 

Od01g05590 Red Blue 13.35 23.61 0.823 0.0029 

Od06g04770 Red Blue 12.54 22.12 0.819 0.0134 

Od20g01140 Red Blue 43.44 76.62 0.819 0.0009 

Od06g05070 Red Blue 8.76 15.44 0.817 0.0009 

Od14g02480 Red Blue 57.42 101.10 0.816 0.0009 

Od11g02800 Red Blue 2.57 4.52 0.814 0.0104 

Od16g01980 Red Blue 6.94 12.19 0.814 0.0378 

Od09g06210 Red Blue 16.25 28.53 0.812 0.0016 

Od15g00150 Red Blue 12.31 21.59 0.811 0.0041 

Od06g04880 Red Blue 24.09 42.22 0.809 0.0086 

Od12g02860 Red Blue 90.86 159.18 0.809 0.0009 

Od20g00380 Red Blue 44.65 78.22 0.809 0.0016 

Od08g01280 Red Blue 162.24 284.20 0.809 0.0009 

Od06g06390 Red Blue 10.22 17.86 0.806 0.0041 

Od06g02460 Red Blue 5.97 10.43 0.806 0.0234 

Od03g00950 Red Blue 16.19 28.28 0.804 0.0302 

Od07g04510 Red Blue 63.29 110.52 0.804 0.0009 

Od06g00340 Red Blue 16.70 29.15 0.804 0.0076 

Od05g03240 Red Blue 9.51 16.59 0.802 0.0470 

Od16g01550 Red Blue 212.18 369.74 0.801 0.0009 

Od11g00060 Red Blue 44.20 76.97 0.800 0.0009 

Od01g00310 Red Blue 36.91 64.21 0.799 0.0009 

Od12g00850 Red Blue 25.80 44.87 0.798 0.0076 

Od04g04470 Red Blue 57.58 100.13 0.798 0.0046 

Od20g01580 Red Blue 152.42 264.37 0.795 0.0009 

Od03g02870 Red Blue 9.17 15.90 0.794 0.0071 

Od19g00570 Red Blue 137.16 237.77 0.794 0.0009 

Od05g04810 Red Blue 22.00 38.11 0.793 0.0009 

Od11g01100 Red Blue 3.14 5.45 0.793 0.0035 
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Od20g01510 Red Blue 5.02 8.68 0.789 0.0023 

Od16g02460 Red Blue 100.05 172.46 0.786 0.0009 

Od12g03830 Red Blue 5.61 9.65 0.783 0.0009 

Od09g00670 Red Blue 33.27 57.12 0.780 0.0035 

Od11g03980 Red Blue 11.11 19.07 0.779 0.0090 

Od20g02070 Red Blue 36.24 62.06 0.776 0.0023 

Od14g03010 Red Blue 30.99 53.04 0.775 0.0009 

Od04g01720 Red Blue 11.85 20.25 0.773 0.0108 

Od08g03230 Red Blue 23.43 40.00 0.772 0.0057 

Od14g02600 Red Blue 15.97 27.25 0.771 0.0041 

Od03g00630 Red Blue 13.76 23.47 0.771 0.0108 

Od17g01360 Red Blue 17.78 30.33 0.770 0.0041 

Od01g04930 Red Blue 6.86 11.69 0.768 0.0234 

Od03g02830 Red Blue 957.47 1629.82 0.767 0.0009 

Od12g00040 Red Blue 22.17 37.71 0.766 0.0009 

Od03g00260 Red Blue 36.87 62.71 0.766 0.0057 

Od11g00130 Red Blue 84.14 143.09 0.766 0.0009 

Od15g00210 Red Blue 54.29 92.28 0.765 0.0016 

Od09g06080 Red Blue 35.97 61.14 0.765 0.0009 

Od09g00550 Red Blue 18.68 31.75 0.765 0.0076 

Od01g02820 Red Blue 19.08 32.42 0.765 0.0009 

Od06g04750 Red Blue 100.31 170.43 0.765 0.0009 

Od07g04590 Red Blue 17.25 29.28 0.763 0.0255 

Od17g02180 Red Blue 11.22 19.04 0.763 0.0195 

Od16g02450 Red Blue 20.36 34.53 0.762 0.0076 

Od12g00110 Red Blue 10.69 18.11 0.760 0.0009 

Od06g00070 Red Blue 2311.16 3914.08 0.760 0.0009 

Od17g00230 Red Blue 18.33 31.01 0.758 0.0062 

Od03g03160 Red Blue 108.76 183.75 0.757 0.0009 

Od20g01820 Red Blue 33.02 55.73 0.755 0.0009 

Od08g02850 Red Blue 30.44 51.35 0.754 0.0009 

Od08g00470 Red Blue 22.68 38.26 0.754 0.0206 

Od05g00160 Red Blue 6.52 10.99 0.752 0.0009 

Od10g02330 Red Blue 7.35 12.38 0.751 0.0067 

Od04g00500 Red Blue 25.34 42.63 0.750 0.0029 

Od20g02360 Red Blue 7.85 13.20 0.750 0.0104 

Od13g02590 Red Blue 41.66 70.06 0.750 0.0113 

Od12g03340 Red Blue 15.34 25.79 0.750 0.0071 

Od09g01440 Red Blue 76.37 128.42 0.750 0.0009 

Od08g01740 Red Blue 46.11 77.49 0.749 0.0009 

Od01g00810 Red Blue 25.66 43.10 0.748 0.0035 

Od07g02950 Red Blue 12.60 21.16 0.748 0.0113 

Od03g02700 Red Blue 15.38 25.83 0.748 0.0174 
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Od20g01370 Red Blue 27.14 45.49 0.745 0.0174 

Od12g02220 Red Blue 100.00 167.57 0.745 0.0009 

Od16g02050 Red Blue 23.94 40.10 0.744 0.0130 

Od19g00930 Red Blue 54.35 91.00 0.744 0.0041 

Od14g00280 Red Blue 2952.30 4940.05 0.743 0.0009 

Od07g03710 Red Blue 10.69 17.87 0.741 0.0086 

Od19g00990 Red Blue 2.48 4.15 0.741 0.0029 

Od17g01730 Red Blue 29.49 49.22 0.739 0.0062 

Od08g02120 Red Blue 7.48 12.49 0.739 0.0439 

Od01g00970 Red Blue 24.91 41.56 0.738 0.0035 

Od06g02210 Red Blue 18.08 30.11 0.736 0.0041 

Od07g04860 Red Blue 40.72 67.79 0.735 0.0095 

Od07g04070 Red Blue 19.05 31.70 0.734 0.0046 

Od04g05040 Red Blue 25.41 42.25 0.734 0.0052 

Od08g03860 Red Blue 52.22 86.82 0.733 0.0009 

Od04g03830 Red Blue 11.61 19.29 0.733 0.0146 

Od20g02900 Red Blue 101.91 169.29 0.732 0.0009 

Od05g04960 Red Blue 83.31 138.22 0.730 0.0009 

Od01g05600 Red Blue 33.80 55.93 0.727 0.0009 

Od11g00080 Red Blue 15.05 24.89 0.726 0.0071 

Od12g01750 Red Blue 58.42 96.64 0.726 0.0009 

Od05g01670 Red Blue 13.80 22.82 0.726 0.0104 

Od12g02550 Red Blue 19.70 32.56 0.725 0.0071 

Od01g07020 Red Blue 102.59 169.55 0.725 0.0009 

Od06g00130 Red Blue 100.17 165.51 0.725 0.0009 

Od10g01390 Red Blue 21.25 35.09 0.724 0.0023 

Od11g01940 Red Blue 28.68 47.33 0.722 0.0166 

Od02g00150 Red Blue 11.95 19.64 0.717 0.0016 

Od12g03460 Red Blue 31.62 51.93 0.716 0.0041 

Od11g01460 Red Blue 10.79 17.71 0.715 0.0231 

Od06g02230 Red Blue 88.14 144.64 0.715 0.0009 

Od09g01640 Red Blue 17.71 29.05 0.714 0.0029 

Od12g03040 Red Blue 47.20 77.29 0.712 0.0067 

Od12g03250 Red Blue 16.66 27.25 0.710 0.0029 

Od05g04730 Red Blue 77.87 127.31 0.709 0.0035 

Od17g01120 Red Blue 28.00 45.77 0.709 0.0057 

Od09g00260 Red Blue 102.06 166.75 0.708 0.0016 

Od08g01470 Red Blue 37.10 60.52 0.706 0.0029 

Od10g00780 Red Blue 9.68 15.78 0.705 0.0302 

Od05g03410 Red Blue 12.98 21.15 0.704 0.0126 

Od14g00810 Red Blue 12.27 19.94 0.701 0.0062 

Od01g01190 Red Blue 34.98 56.83 0.700 0.0009 

Od11g01470 Red Blue 22.18 36.03 0.700 0.0016 
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Od05g00700 Red Blue 30.71 49.77 0.696 0.0076 

Od12g03740 Red Blue 16.61 26.89 0.694 0.0052 

Od10g00760 Red Blue 150.50 243.53 0.694 0.0067 

Od09g06130 Red Blue 521.54 843.75 0.694 0.0023 

Od11g00340 Red Blue 13.14 21.25 0.694 0.0241 

Od06g07420 Red Blue 79.53 128.35 0.691 0.0009 

Od06g02880 Red Blue 66.22 106.88 0.690 0.0029 

Od09g01260 Red Blue 66.80 107.80 0.690 0.0016 

Od06g00830 Red Blue 36.14 58.29 0.690 0.0023 

Od11g01680 Red Blue 22.63 36.49 0.689 0.0108 

Od16g02570 Red Blue 67.05 107.93 0.687 0.0071 

Od01g06790 Red Blue 53.58 86.16 0.685 0.0071 

Od02g03890 Red Blue 32.13 51.60 0.683 0.0023 

Od06g00900 Red Blue 27.21 43.70 0.683 0.0122 

Od15g01180 Red Blue 23.29 37.39 0.683 0.0081 

Od16g00870 Red Blue 20.94 33.62 0.683 0.0062 

Od01g03970 Red Blue 36.76 59.00 0.683 0.0329 

Od06g00290 Red Blue 12.77 20.49 0.682 0.0071 

Od04g00120 Red Blue 23.67 37.94 0.681 0.0210 

Od02g03320 Red Blue 18.64 29.83 0.679 0.0117 

Od12g02460 Red Blue 27.65 44.25 0.678 0.0258 

Od07g03500 Red Blue 75.43 120.55 0.676 0.0016 

Od04g00270 Red Blue 15.38 24.57 0.676 0.0134 

Od05g04750 Red Blue 10.70 17.07 0.674 0.0113 

Od09g00970 Red Blue 85.04 135.68 0.674 0.0016 

Od17g01290 Red Blue 6.16 9.82 0.674 0.0278 

Od05g04350 Red Blue 14.40 22.97 0.673 0.0346 

Od07g03740 Red Blue 33.58 53.51 0.672 0.0057 

Od06g05680 Red Blue 24.00 38.18 0.670 0.0166 

Od20g00290 Red Blue 52.44 83.42 0.670 0.0041 

Od14g00700 Red Blue 64.54 102.54 0.668 0.0016 

Od12g02090 Red Blue 40.94 65.02 0.667 0.0046 

Od13g01210 Red Blue 19.41 30.79 0.666 0.0052 

Od08g01430 Red Blue 5.48 8.69 0.666 0.0062 

Od11g01050 Red Blue 64.00 101.50 0.665 0.0023 

Od20g01930 Red Blue 4.43 7.02 0.665 0.0057 

Od12g03840 Red Blue 119.12 188.81 0.665 0.0023 

Od07g02670 Red Blue 30.78 48.78 0.664 0.0041 

Od01g06230 Red Blue 23.99 38.01 0.664 0.0057 

Od11g01670 Red Blue 111.00 175.83 0.664 0.0029 

Od04g05090 Red Blue 37.23 58.93 0.663 0.0150 

Od09g02820 Red Blue 11.21 17.75 0.662 0.0468 

Od07g04760 Red Blue 15.78 24.97 0.662 0.0231 
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Od09g06120 Red Blue 31.73 50.12 0.660 0.0067 

Od06g03180 Red Blue 26.89 42.46 0.659 0.0104 

Od08g00070 Red Blue 50.88 80.31 0.658 0.0046 

Od02g04480 Red Blue 45.22 71.34 0.658 0.0170 

Od12g02990 Red Blue 27.76 43.77 0.657 0.0142 

Od16g01170 Red Blue 46.48 73.27 0.657 0.0090 

Od06g02660 Red Blue 16.25 25.61 0.656 0.0041 

Od13g00120 Red Blue 17.60 27.73 0.656 0.0041 

Od06g00520 Red Blue 19.35 30.48 0.655 0.0199 

Od05g04200 Red Blue 11.61 18.28 0.655 0.0046 

Od12g00100 Red Blue 22.39 35.24 0.655 0.0071 

Od18g00090 Red Blue 36.66 57.66 0.653 0.0029 

Od11g01290 Red Blue 13.17 20.71 0.653 0.0052 

Od12g00840 Red Blue 11.18 17.58 0.653 0.0220 

Od02g03690 Red Blue 8.54 13.43 0.652 0.0331 

Od17g01040 Red Blue 69.06 108.45 0.651 0.0029 

Od10g00450 Red Blue 179.52 281.85 0.651 0.0104 

Od07g00530 Red Blue 69.46 109.02 0.650 0.0023 

Od09g03390 Red Blue 64.21 100.75 0.650 0.0035 

Od06g07570 Red Blue 12.15 19.05 0.649 0.0237 

Od03g02520 Red Blue 9.94 15.57 0.648 0.0352 

Od14g01220 Red Blue 70.31 110.17 0.648 0.0057 

Od17g01560 Red Blue 118.64 185.83 0.647 0.0023 

Od01g04880 Red Blue 73.54 115.13 0.647 0.0041 

Od13g01180 Red Blue 50.46 78.99 0.647 0.0029 

Od02g00970 Red Blue 31.37 49.09 0.646 0.0126 

Od08g00650 Red Blue 32.35 50.61 0.646 0.0041 

Od14g02680 Red Blue 68.28 106.81 0.645 0.0057 

Od06g01970 Red Blue 28.97 45.29 0.645 0.0312 

Od05g01880 Red Blue 17.78 27.79 0.644 0.0041 

Od06g01710 Red Blue 52.59 82.18 0.644 0.0130 

Od13g02610 Red Blue 27.88 43.54 0.643 0.0023 

Od13g01110 Red Blue 11.91 18.60 0.643 0.0095 

Od05g04770 Red Blue 42.23 65.92 0.642 0.0188 

Od14g00410 Red Blue 61.85 96.49 0.642 0.0052 

Od06g02430 Red Blue 74.84 116.76 0.642 0.0071 

Od13g02570 Red Blue 41.72 65.08 0.642 0.0052 

Od06g03670 Red Blue 19.92 31.07 0.641 0.0023 

Od01g05400 Red Blue 18.35 28.62 0.641 0.0271 

Od04g03140 Red Blue 76.10 118.52 0.639 0.0081 

Od09g00850 Red Blue 12.25 19.08 0.639 0.0076 

Od02g00160 Red Blue 48.92 76.17 0.639 0.0076 

Od06g07000 Red Blue 17.89 27.84 0.638 0.0258 
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Od07g03470 Red Blue 14.79 23.02 0.638 0.0067 

Od12g02800 Red Blue 51.81 80.62 0.638 0.0041 

Od19g00380 Red Blue 23.80 37.02 0.638 0.0177 

Od02g03870 Red Blue 78.52 122.04 0.636 0.0081 

Od20g01040 Red Blue 44.33 68.64 0.631 0.0071 

Od10g00720 Red Blue 58.05 89.75 0.629 0.0046 

Od16g00170 Red Blue 74.52 115.15 0.628 0.0095 

Od07g04040 Red Blue 24.44 37.72 0.626 0.0357 

Od11g02930 Red Blue 29.38 45.32 0.625 0.0217 

Od13g02790 Red Blue 22.31 34.40 0.625 0.0071 

Od08g00490 Red Blue 13.33 20.54 0.624 0.0166 

Od06g05270 Red Blue 22.98 35.40 0.623 0.0463 

Od09g03510 Red Blue 395.92 609.60 0.623 0.0041 

Od09g03330 Red Blue 51.24 78.87 0.622 0.0057 

Od02g00370 Red Blue 15.97 24.54 0.620 0.0452 

Od16g00730 Red Blue 90.44 138.93 0.619 0.0041 

Od07g01860 Red Blue 63.13 96.95 0.619 0.0142 

Od06g03060 Red Blue 37.10 56.96 0.619 0.0170 

Od08g03400 Red Blue 34.13 52.40 0.619 0.0057 

Od17g01170 Red Blue 18.81 28.86 0.617 0.0154 

Od05g02520 Red Blue 12.77 19.56 0.615 0.0100 

Od06g03680 Red Blue 25.25 38.65 0.614 0.0113 

Od04g02090 Red Blue 56.88 86.89 0.611 0.0076 

Od20g00250 Red Blue 27.51 42.02 0.611 0.0067 

Od04g00670 Red Blue 85.46 130.46 0.610 0.0057 

Od16g01850 Red Blue 35.47 54.11 0.609 0.0170 

Od07g00510 Red Blue 21.21 32.35 0.609 0.0086 

Od09g00390 Red Blue 27.05 41.22 0.608 0.0192 

Od11g02720 Red Blue 97.12 147.99 0.608 0.0071 

Od13g01870 Red Blue 14.69 22.39 0.608 0.0463 

Od05g04620 Red Blue 21.29 32.41 0.606 0.0355 

Od09g01760 Red Blue 22.74 34.59 0.605 0.0346 

Od14g00640 Red Blue 9.71 14.76 0.605 0.0327 

Od04g02100 Red Blue 53.45 81.20 0.603 0.0302 

Od01g06620 Red Blue 5.86 8.89 0.602 0.0192 

Od04g03500 Red Blue 20.78 31.54 0.602 0.0071 

Od04g05310 Red Blue 126.89 192.52 0.601 0.0104 

Od02g04560 Red Blue 72.38 109.67 0.599 0.0138 

Od11g02480 Red Blue 42.86 64.90 0.599 0.0108 

Od01g02860 Red Blue 184.39 279.13 0.598 0.0126 

Od02g04950 Red Blue 61.59 93.22 0.598 0.0188 

Od06g07450 Red Blue 42.47 64.25 0.597 0.0271 

Od17g01280 Red Blue 15.85 23.97 0.597 0.0271 
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Od07g02900 Red Blue 3261.89 4921.91 0.594 0.0057 

Od10g02210 Red Blue 4.69 7.07 0.593 0.0086 

Od03g00140 Red Blue 34.17 51.44 0.590 0.0220 

Od06g06590 Red Blue 31.54 47.44 0.589 0.0180 

Od10g00890 Red Blue 57.92 87.08 0.588 0.0262 

Od12g01340 Red Blue 66.36 99.69 0.587 0.0126 

Od20g02970 Red Blue 20.54 30.85 0.587 0.0443 

Od06g01950 Red Blue 29.26 43.91 0.586 0.0142 

Od07g02890 Red Blue 17.62 26.43 0.586 0.0134 

Od12g03130 Red Blue 5.58 8.37 0.585 0.0357 

Od14g01660 Red Blue 57.89 86.60 0.581 0.0154 

Od03g02080 Red Blue 27.61 41.30 0.581 0.0162 

Od11g03970 Red Blue 40.47 60.50 0.580 0.0142 

Od10g02090 Red Blue 636.27 950.99 0.580 0.0117 

Od02g00880 Red Blue 36.08 53.91 0.579 0.0315 

Od09g05870 Red Blue 84.07 125.57 0.579 0.0117 

Od12g00130 Red Blue 79.82 119.20 0.578 0.0104 

Od09g03150 Red Blue 27.72 41.31 0.576 0.0162 

Od12g03470 Red Blue 27.08 40.34 0.575 0.0357 

Od20g00920 Red Blue 33.63 50.04 0.574 0.0117 

Od07g04550 Red Blue 8.98 13.35 0.572 0.0278 

Od10g00810 Red Blue 15.81 23.50 0.572 0.0420 

Od07g00980 Red Blue 24.45 36.32 0.571 0.0113 

Od16g00630 Red Blue 12.08 17.93 0.571 0.0262 

Od06g04960 Red Blue 26.31 39.03 0.569 0.0162 

Od06g06940 Red Blue 21.01 31.15 0.568 0.0262 

Od06g00450 Red Blue 80.30 118.90 0.566 0.0234 

Od13g00400 Red Blue 86.03 127.38 0.566 0.0188 

Od11g03270 Red Blue 45.36 67.03 0.563 0.0319 

Od15g01330 Red Blue 77.12 113.94 0.563 0.0210 

Od06g07410 Red Blue 63.19 93.26 0.562 0.0154 

Od09g01350 Red Blue 26.12 38.52 0.561 0.0479 

Od01g00790 Red Blue 77.48 114.28 0.561 0.0130 

Od12g01220 Red Blue 32.66 48.16 0.560 0.0202 

Od05g00600 Red Blue 33.73 49.68 0.559 0.0122 

Od02g00430 Red Blue 15.34 22.59 0.558 0.0312 

Od09g00310 Red Blue 188.78 277.92 0.558 0.0117 

Od06g01870 Red Blue 23.16 34.08 0.557 0.0210 

Od05g01600 Red Blue 1300.71 1911.91 0.556 0.0158 

Od06g04160 Red Blue 9.18 13.50 0.555 0.0492 

Od03g02120 Red Blue 6.91 10.16 0.555 0.0375 

Od20g01910 Red Blue 28.88 42.44 0.555 0.0349 

Od07g01100 Red Blue 43.10 63.28 0.554 0.0278 
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Od14g00910 Red Blue 100.13 146.98 0.554 0.0138 

Od14g00390 Red Blue 24.50 35.96 0.554 0.0210 

Od04g01970 Red Blue 63.47 93.10 0.553 0.0258 

Od14g02010 Red Blue 22.22 32.59 0.552 0.0428 

Od06g03190 Red Blue 23.26 34.10 0.552 0.0217 

Od04g01850 Red Blue 20.87 30.59 0.551 0.0180 

Od06g06580 Red Blue 24.63 36.08 0.551 0.0210 

Od14g01210 Red Blue 236.46 346.30 0.550 0.0224 

Od04g02200 Red Blue 15.22 22.28 0.550 0.0392 

Od05g00350 Red Blue 127.28 186.29 0.550 0.0170 

Od10g01130 Red Blue 20.75 30.36 0.549 0.0278 

Od12g01680 Red Blue 22.75 33.20 0.546 0.0134 

Od20g00280 Red Blue 75.15 109.69 0.546 0.0213 

Od04g01520 Red Blue 48.97 71.47 0.545 0.0465 

Od16g00890 Red Blue 40.71 59.38 0.545 0.0150 

Od01g01950 Red Blue 51.48 75.08 0.544 0.0195 

Od06g02940 Red Blue 52.31 76.17 0.542 0.0484 

Od06g00150 Red Blue 102.77 149.52 0.541 0.0220 

Od14g02670 Red Blue 46.97 68.32 0.541 0.0202 

Od04g04360 Red Blue 23.54 34.22 0.540 0.0180 

Od20g00930 Red Blue 168.17 244.51 0.540 0.0227 

Od06g06950 Red Blue 30.14 43.81 0.540 0.0343 

Od20g01710 Red Blue 111.84 162.46 0.539 0.0213 

Od10g02550 Red Blue 6.40 9.29 0.539 0.0192 

Od02g00750 Red Blue 37.32 54.20 0.538 0.0449 

Od13g00080 Red Blue 22.76 33.03 0.538 0.0210 

Od17g00240 Red Blue 34.45 49.98 0.537 0.0227 

Od03g01070 Red Blue 22.02 31.92 0.536 0.0321 

Od01g06450 Red Blue 49.00 71.02 0.535 0.0294 

Od11g03920 Red Blue 107.13 155.23 0.535 0.0217 

Od06g00250 Red Blue 74.98 108.63 0.535 0.0166 

Od02g03790 Red Blue 20.31 29.38 0.533 0.0458 

Od09g03320 Red Blue 42.27 61.14 0.533 0.0439 

Od17g00920 Red Blue 43.13 62.32 0.531 0.0343 

Od04g04750 Red Blue 48.06 69.43 0.531 0.0237 

Od15g00100 Red Blue 64.16 92.69 0.531 0.0195 

Od06g03900 Red Blue 163.87 236.69 0.530 0.0227 

Od09g04660 Red Blue 54.74 79.03 0.530 0.0241 

Od02g04230 Red Blue 231.33 333.97 0.530 0.0436 

Od19g00730 Red Blue 77.49 111.84 0.529 0.0278 

Od01g06580 Red Blue 998.32 1439.11 0.528 0.0331 

Od14g02920 Red Blue 33.98 48.94 0.527 0.0378 

Od03g01590 Red Blue 54.76 78.88 0.527 0.0281 



 

  

 

177 

Od08g02940 Red Blue 694.97 1000.16 0.525 0.0220 

Od06g01820 Red Blue 81.87 117.70 0.524 0.0192 

Od02g00390 Red Blue 170.20 244.46 0.522 0.0306 

Od05g04090 Red Blue 71.13 102.13 0.522 0.0258 

Od17g03010 Red Blue 124.45 178.61 0.521 0.0321 

Od07g02850 Red Blue 34.97 50.16 0.521 0.0309 

Od07g00050 Red Blue 26.11 37.46 0.521 0.0443 

Od01g05760 Red Blue 11.07 15.88 0.520 0.0290 

Od09g04670 Red Blue 18.57 26.61 0.519 0.0346 

Od11g00030 Red Blue 41.57 59.47 0.516 0.0284 

Od10g00050 Red Blue 424.67 607.04 0.515 0.0327 

Od07g04240 Red Blue 23.64 33.79 0.515 0.0327 

Od13g01360 Red Blue 17.71 25.29 0.514 0.0436 

Od17g00420 Red Blue 34.92 49.72 0.510 0.0324 

Od09g06110 Red Blue 37.12 52.86 0.510 0.0417 

Od12g02320 Red Blue 12.36 17.59 0.509 0.0443 

Od03g01380 Red Blue 15.61 22.19 0.507 0.0302 

Od03g02690 Red Blue 16.96 24.11 0.507 0.0375 

Od06g06640 Red Blue 117.15 166.44 0.507 0.0341 

Od02g04980 Red Blue 1017.95 1445.23 0.506 0.0329 

Od11g01550 Red Blue 34.99 49.59 0.503 0.0355 

Od04g01430 Red Blue 14.43 20.44 0.502 0.0402 

Od11g03870 Red Blue 87.13 123.29 0.501 0.0341 

Od19g00260 Red Blue 174.29 246.56 0.500 0.0357 

Od08g03580 Red Blue 168.39 237.79 0.498 0.0357 

Od01g01640 Red Blue 200.70 282.82 0.495 0.0297 

Od09g06280 Red Blue 89.71 126.41 0.495 0.0335 

Od04g01190 Red Blue 39.48 55.62 0.495 0.0473 

Od19g00920 Red Blue 14.07 19.82 0.494 0.0417 

Od14g03150 Red Blue 183.70 258.59 0.493 0.0349 

Od11g03070 Red Blue 27.84 39.10 0.490 0.0426 

Od14g02450 Red Blue 25.78 36.17 0.488 0.0458 

Od10g01260 Red Blue 27.56 38.66 0.488 0.0360 

Od01g01310 Red Blue 65.14 91.36 0.488 0.0411 

Od20g01260 Red Blue 100.34 140.68 0.487 0.0442 

Od19g00720 Red Blue 47.11 66.03 0.487 0.0487 

Od19g00090 Red Blue 148.37 207.89 0.487 0.0434 

Od06g03090 Red Blue 53.03 74.12 0.483 0.0414 

Od17g01350 Red Blue 123.90 173.12 0.483 0.0352 

Od20g02080 Red Blue 64.84 90.53 0.482 0.0443 

Od07g02470 Red Blue 219.67 306.12 0.479 0.0414 

Od19g00280 Red Blue 31.91 44.45 0.478 0.0500 

Od12g01640 Red Blue 429.94 598.71 0.478 0.0392 
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Od12g03510 Red Blue 134.88 187.81 0.478 0.0414 

Od12g03370 Red Blue 81.98 114.11 0.477 0.0468 

Od03g00090 Red Blue 109.97 152.92 0.476 0.0484 

Od07g01740 Red Blue 112.91 156.97 0.475 0.0497 

Od09g00960 Red Blue 77.91 108.30 0.475 0.0473 

Od13g02330 Red Blue 24.19 33.62 0.475 0.0447 

Od01g00330 Red Blue 40.35 55.86 0.469 0.0500 

Od20g03400 Red Blue 66.03 91.23 0.467 0.0490 

Od09g02620 Red Blue 135.42 187.06 0.466 0.0468 

Od08g02360 Red Blue 415.86 301.80 -0.462 0.0497 

Od02g02860 Red Blue 570.41 412.13 -0.469 0.0473 

Od06g00790 Red Blue 165.58 119.28 -0.473 0.0473 

Od09g02140 Red Blue 77.86 56.09 -0.473 0.0473 

Od01g04440 Red Blue 43.38 31.24 -0.474 0.0479 

Od03g02430 Red Blue 120.09 86.47 -0.474 0.0443 

Od06g02790 Red Blue 566.58 407.79 -0.474 0.0449 

Od01g05070 Red Blue 324.89 233.81 -0.475 0.0468 

Od11g03180 Red Blue 70.18 50.47 -0.476 0.0428 

Od01g06550 Red Blue 574.62 413.23 -0.476 0.0417 

Od15g00340 Red Blue 177.81 127.84 -0.476 0.0497 

Od04g00520 Red Blue 211.46 151.87 -0.478 0.0465 

Od06g04080 Red Blue 138.13 99.10 -0.479 0.0495 

Od06g00980 Red Blue 1049.23 752.78 -0.479 0.0476 

Od02g02000 Red Blue 683.22 490.05 -0.479 0.0449 

Od16g00010 Red Blue 286.38 205.39 -0.480 0.0434 

Od18g00360 Red Blue 188.86 135.31 -0.481 0.0428 

Od05g00090 Red Blue 241.86 173.22 -0.482 0.0463 

Od03g03020 Red Blue 242.90 173.93 -0.482 0.0436 

Od18g00570 Red Blue 220.20 157.55 -0.483 0.0449 

Od01g04350 Red Blue 79.38 56.75 -0.484 0.0463 

Od12g01950 Red Blue 385.76 275.77 -0.484 0.0439 

Od13g01560 Red Blue 145.58 104.04 -0.485 0.0487 

Od05g04140 Red Blue 176.04 125.76 -0.485 0.0428 

Od07g01360 Red Blue 1141.23 815.02 -0.486 0.0482 

Od08g00140 Red Blue 589.31 420.82 -0.486 0.0458 

Od01g06170 Red Blue 187.81 133.98 -0.487 0.0372 

Od01g04240 Red Blue 276.61 197.28 -0.488 0.0408 

Od13g02400 Red Blue 758.46 540.82 -0.488 0.0443 

Od06g01900 Red Blue 98.51 70.18 -0.489 0.0390 

Od06g03810 Red Blue 789.70 562.43 -0.490 0.0357 

Od09g04300 Red Blue 143.92 102.48 -0.490 0.0369 

Od10g02070 Red Blue 31.27 22.27 -0.490 0.0408 

Od07g00870 Red Blue 1325.62 943.89 -0.490 0.0473 
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Od08g02350 Red Blue 272.74 194.19 -0.490 0.0455 

Od04g03710 Red Blue 94.47 67.26 -0.490 0.0431 

Od02g00480 Red Blue 278.62 198.26 -0.491 0.0402 

Od02g02850 Red Blue 448.05 318.46 -0.493 0.0369 

Od13g00270 Red Blue 280.21 199.15 -0.493 0.0402 

Od01g02310 Red Blue 76.57 54.41 -0.493 0.0461 

Od05g04570 Red Blue 175.90 124.99 -0.493 0.0381 

Od08g00180 Red Blue 4778.48 3394.38 -0.493 0.0426 

Od15g00670 Red Blue 81.12 57.55 -0.495 0.0321 

Od16g01600 Red Blue 147.81 104.82 -0.496 0.0331 

Od05g02220 Red Blue 110.39 78.28 -0.496 0.0402 

Od09g03360 Red Blue 160.78 114.00 -0.496 0.0384 

Od06g04820 Red Blue 37.19 26.37 -0.496 0.0337 

Od17g00120 Red Blue 321.84 228.15 -0.496 0.0352 

Od05g04450 Red Blue 749.25 531.01 -0.497 0.0428 

Od10g00380 Red Blue 244.73 173.43 -0.497 0.0387 

Od05g04600 Red Blue 246.49 174.63 -0.497 0.0423 

Od02g02380 Red Blue 261.83 185.47 -0.497 0.0363 

Od07g04750 Red Blue 207.02 146.63 -0.498 0.0390 

Od02g00190 Red Blue 361.36 255.88 -0.498 0.0357 

Od11g03770 Red Blue 142.10 100.26 -0.503 0.0329 

Od12g00990 Red Blue 185.80 131.08 -0.503 0.0281 

Od08g02500 Red Blue 107.84 76.08 -0.503 0.0281 

Od11g02320 Red Blue 74.74 52.71 -0.504 0.0372 

Od20g00950 Red Blue 135.28 95.34 -0.505 0.0329 

Od04g01900 Red Blue 155.60 109.63 -0.505 0.0369 

Od08g02100 Red Blue 201.70 142.08 -0.505 0.0271 

Od19g00510 Red Blue 84.49 59.49 -0.506 0.0434 

Od18g00390 Red Blue 92.56 65.11 -0.508 0.0300 

Od08g02170 Red Blue 165.46 116.37 -0.508 0.0327 

Od17g00670 Red Blue 342.25 240.60 -0.508 0.0349 

Od20g01780 Red Blue 44.24 31.09 -0.509 0.0319 

Od16g00460 Red Blue 159.43 111.99 -0.510 0.0255 

Od15g00860 Red Blue 458.56 322.05 -0.510 0.0360 

Od16g01660 Red Blue 207.20 145.47 -0.510 0.0309 

Od04g02650 Red Blue 84.68 59.45 -0.510 0.0327 

Od16g01580 Red Blue 128.56 90.25 -0.510 0.0278 

Od01g00470 Red Blue 343.03 240.80 -0.511 0.0258 

Od05g03960 Red Blue 282.26 197.86 -0.513 0.0443 

Od19g01010 Red Blue 347.31 243.42 -0.513 0.0252 

Od05g03750 Red Blue 96.68 67.76 -0.513 0.0331 

Od10g00290 Red Blue 1135.54 795.84 -0.513 0.0309 

Od10g02060 Red Blue 13.74 9.63 -0.513 0.0329 
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Od04g02210 Red Blue 128.14 89.77 -0.513 0.0360 

Od09g03900 Red Blue 109.96 77.03 -0.514 0.0309 

Od04g04160 Red Blue 89.45 62.61 -0.515 0.0265 

Od04g03380 Red Blue 31.89 22.32 -0.515 0.0281 

Od06g01030 Red Blue 158.50 110.90 -0.515 0.0284 

Od06g01380 Red Blue 66.03 46.18 -0.516 0.0262 

Od12g00410 Red Blue 60.76 42.47 -0.516 0.0287 

Od04g02400 Red Blue 860.26 600.91 -0.518 0.0252 

Od20g02440 Red Blue 188.47 131.61 -0.518 0.0337 

Od11g00650 Red Blue 554.74 387.32 -0.518 0.0312 

Od07g01350 Red Blue 908.97 634.47 -0.519 0.0309 

Od02g03300 Red Blue 259.43 181.01 -0.519 0.0287 

Od07g01420 Red Blue 623.07 434.36 -0.521 0.0300 

Od09g04370 Red Blue 130.79 91.16 -0.521 0.0241 

Od14g00250 Red Blue 306.61 213.66 -0.521 0.0434 

Od17g03140 Red Blue 411.25 286.32 -0.522 0.0331 

Od06g06090 Red Blue 654.60 455.59 -0.523 0.0281 

Od20g01230 Red Blue 3533.59 2456.74 -0.524 0.0241 

Od06g02800 Red Blue 110.92 77.11 -0.524 0.0170 

Od09g05950 Red Blue 484.10 336.50 -0.525 0.0331 

Od02g02810 Red Blue 160.15 111.30 -0.525 0.0297 

Od02g04300 Red Blue 124.10 86.21 -0.526 0.0210 

Od19g01230 Red Blue 355.47 246.70 -0.527 0.0245 

Od09g04750 Red Blue 56.12 38.92 -0.528 0.0324 

Od14g03220 Red Blue 308.37 213.81 -0.528 0.0188 

Od01g01520 Red Blue 1130.59 783.74 -0.529 0.0265 

Od03g00760 Red Blue 1306.42 905.41 -0.529 0.0248 

Od05g05070 Red Blue 255.44 176.94 -0.530 0.0284 

Od04g02010 Red Blue 750.62 519.71 -0.530 0.0309 

Od12g00390 Red Blue 210.41 145.68 -0.530 0.0248 

Od05g01130 Red Blue 88.92 61.53 -0.531 0.0180 

Od02g01650 Red Blue 61.49 42.51 -0.533 0.0297 

Od01g01400 Red Blue 306.20 211.59 -0.533 0.0234 

Od20g02020 Red Blue 102.95 71.11 -0.534 0.0329 

Od13g02060 Red Blue 101.30 69.95 -0.534 0.0258 

Od04g04480 Red Blue 60.32 41.63 -0.535 0.0411 

Od16g01340 Red Blue 1387.71 957.33 -0.536 0.0290 

Od03g02530 Red Blue 48.62 33.53 -0.536 0.0227 

Od06g03460 Red Blue 222.84 153.66 -0.536 0.0213 

Od08g02690 Red Blue 113.81 78.46 -0.537 0.0166 

Od14g00370 Red Blue 151.60 104.49 -0.537 0.0231 

Od13g02710 Red Blue 654.79 451.10 -0.538 0.0252 

Od03g02190 Red Blue 163.63 112.66 -0.538 0.0220 
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Od20g02670 Red Blue 448.60 308.71 -0.539 0.0210 

Od04g01890 Red Blue 1076.78 740.99 -0.539 0.0248 

Od20g01130 Red Blue 1142.33 785.16 -0.541 0.0202 

Od10g01300 Red Blue 165.33 113.51 -0.542 0.0174 

Od12g01870 Red Blue 565.66 388.23 -0.543 0.0192 

Od11g04440 Red Blue 49.44 33.92 -0.543 0.0287 

Od04g02960 Red Blue 177.41 121.58 -0.545 0.0146 

Od03g00700 Red Blue 88.19 60.41 -0.546 0.0162 

Od11g04350 Red Blue 186.25 127.51 -0.547 0.0217 

Od03g01280 Red Blue 387.02 264.45 -0.549 0.0166 

Od02g02040 Red Blue 257.26 175.44 -0.552 0.0126 

Od14g02160 Red Blue 622.52 424.31 -0.553 0.0166 

Od05g04640 Red Blue 239.21 162.99 -0.554 0.0180 

Od04g00690 Red Blue 601.16 409.08 -0.555 0.0154 

Od16g01890 Red Blue 615.90 418.73 -0.557 0.0231 

Od09g02220 Red Blue 703.00 477.88 -0.557 0.0309 

Od18g00230 Red Blue 41.24 28.02 -0.557 0.0262 

Od15g01150 Red Blue 72.36 49.17 -0.557 0.0138 

Od09g04740 Red Blue 78.71 53.46 -0.558 0.0180 

Od12g00420 Red Blue 74.58 50.64 -0.558 0.0134 

Od01g03880 Red Blue 125.56 85.25 -0.559 0.0158 

Od12g03850 Red Blue 964.75 654.93 -0.559 0.0329 

Od01g06030 Red Blue 1015.47 688.48 -0.561 0.0158 

Od12g01230 Red Blue 294.48 199.65 -0.561 0.0150 

Od01g00740 Red Blue 33.64 22.77 -0.563 0.0180 

Od04g00680 Red Blue 41.49 28.07 -0.564 0.0146 

Od02g00470 Red Blue 464.12 313.72 -0.565 0.0174 

Od04g02450 Red Blue 3636.73 2457.39 -0.566 0.0150 

Od03g01930 Red Blue 55.76 37.68 -0.566 0.0130 

Od12g03770 Red Blue 200.09 135.11 -0.567 0.0142 

Od09g01170 Red Blue 159.31 107.53 -0.567 0.0122 

Od11g01150 Red Blue 58.07 39.19 -0.567 0.0138 

Od02g04310 Red Blue 82.83 55.88 -0.568 0.0331 

Od16g00470 Red Blue 2863.05 1930.41 -0.569 0.0113 

Od06g07010 Red Blue 79.40 53.53 -0.569 0.0378 

Od03g02930 Red Blue 124.25 83.76 -0.569 0.0146 

Od10g02080 Red Blue 23.51 15.85 -0.569 0.0134 

Od02g02920 Red Blue 1034.49 696.90 -0.570 0.0146 

Od20g02230 Red Blue 1673.53 1127.32 -0.570 0.0138 

Od19g00470 Red Blue 2242.44 1510.43 -0.570 0.0104 

Od03g03040 Red Blue 32.42 21.83 -0.571 0.0192 

Od02g04200 Red Blue 299.17 201.36 -0.571 0.0100 

Od01g01970 Red Blue 458.06 308.21 -0.572 0.0150 



 

  

 

182 

Od11g03110 Red Blue 117.06 78.76 -0.572 0.0104 

Od03g01090 Red Blue 463.13 311.42 -0.573 0.0177 

Od02g01550 Red Blue 508.19 341.66 -0.573 0.0126 

Od14g01060 Red Blue 395.83 266.09 -0.573 0.0138 

Od09g00010 Red Blue 179.81 120.81 -0.574 0.0142 

Od02g04030 Red Blue 178.94 120.18 -0.574 0.0188 

Od02g02610 Red Blue 372.25 249.92 -0.575 0.0142 

Od02g03140 Red Blue 1414.59 949.54 -0.575 0.0113 

Od09g01140 Red Blue 128.68 86.36 -0.575 0.0126 

Od01g03810 Red Blue 106.13 71.18 -0.576 0.0104 

Od04g02180 Red Blue 236.47 158.51 -0.577 0.0134 

Od19g00340 Red Blue 48.19 32.30 -0.577 0.0138 

Od17g00900 Red Blue 72.67 48.70 -0.577 0.0130 

Od09g06000 Red Blue 129.20 86.58 -0.577 0.0231 

Od08g02290 Red Blue 524.11 351.18 -0.578 0.0117 

Od02g02140 Red Blue 452.99 303.51 -0.578 0.0113 

Od12g01860 Red Blue 400.71 268.36 -0.578 0.0095 

Od04g02890 Red Blue 157.46 105.37 -0.580 0.0095 

Od05g00710 Red Blue 209.19 139.85 -0.581 0.0126 

Od13g02090 Red Blue 166.04 110.94 -0.582 0.0130 

Od04g01340 Red Blue 250.35 167.05 -0.584 0.0126 

Od13g00240 Red Blue 89.04 59.36 -0.585 0.0090 

Od17g00300 Red Blue 95.71 63.79 -0.585 0.0108 

Od11g00950 Red Blue 572.49 381.49 -0.586 0.0090 

Od06g01660 Red Blue 168.79 112.33 -0.588 0.0138 

Od07g01730 Red Blue 85.29 56.75 -0.588 0.0081 

Od02g01760 Red Blue 157.08 104.48 -0.588 0.0117 

Od04g00210 Red Blue 315.23 209.66 -0.588 0.0108 

Od15g00300 Red Blue 109.39 72.73 -0.589 0.0100 

Od02g02180 Red Blue 652.94 434.04 -0.589 0.0090 

Od01g04550 Red Blue 384.23 255.36 -0.589 0.0142 

Od01g07060 Red Blue 104.89 69.70 -0.590 0.0081 

Od09g03910 Red Blue 106.11 70.49 -0.590 0.0113 

Od14g03300 Red Blue 76.09 50.54 -0.590 0.0278 

Od07g00750 Red Blue 484.97 322.07 -0.591 0.0117 

Od20g01100 Red Blue 242.76 161.10 -0.592 0.0057 

Od09g02200 Red Blue 26.70 17.71 -0.592 0.0302 

Od07g00730 Red Blue 537.90 356.74 -0.592 0.0146 

Od06g03270 Red Blue 131.21 86.94 -0.594 0.0113 

Od17g00170 Red Blue 406.29 269.13 -0.594 0.0100 

Od03g01170 Red Blue 408.04 270.23 -0.595 0.0062 

Od16g00600 Red Blue 85.85 56.86 -0.595 0.0052 

Od02g02590 Red Blue 1057.35 699.77 -0.595 0.0126 
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Od02g02790 Red Blue 810.04 536.09 -0.596 0.0100 

Od05g01030 Red Blue 38.82 25.69 -0.596 0.0297 

Od03g02030 Red Blue 166.35 110.06 -0.596 0.0086 

Od02g03280 Red Blue 754.83 499.19 -0.597 0.0081 

Od11g00770 Red Blue 64.72 42.79 -0.597 0.0108 

Od13g01680 Red Blue 457.74 302.61 -0.597 0.0076 

Od01g06560 Red Blue 331.27 218.98 -0.597 0.0081 

Od02g02070 Red Blue 679.78 449.30 -0.597 0.0126 

Od04g03220 Red Blue 384.34 253.96 -0.598 0.0076 

Od01g05180 Red Blue 86.02 56.82 -0.598 0.0122 

Od19g00060 Red Blue 108.01 71.26 -0.600 0.0076 

Od09g05080 Red Blue 371.98 245.30 -0.601 0.0067 

Od10g02450 Red Blue 1516.49 1000.01 -0.601 0.0057 

Od01g06380 Red Blue 165.01 108.72 -0.602 0.0076 

Od13g01850 Red Blue 342.22 225.46 -0.602 0.0062 

Od14g01250 Red Blue 1649.75 1086.66 -0.602 0.0071 

Od01g04840 Red Blue 59.23 38.99 -0.603 0.0150 

Od02g02080 Red Blue 975.01 641.57 -0.604 0.0434 

Od18g00550 Red Blue 419.17 275.79 -0.604 0.0086 

Od06g01910 Red Blue 108.88 71.59 -0.605 0.0095 

Od07g04680 Red Blue 111.04 72.97 -0.606 0.0062 

Od18g00320 Red Blue 74.10 48.68 -0.606 0.0046 

Od09g01000 Red Blue 111.88 73.49 -0.606 0.0052 

Od12g03690 Red Blue 25.17 16.53 -0.607 0.0192 

Od02g01600 Red Blue 279.69 183.46 -0.608 0.0122 

Od02g01410 Red Blue 1783.14 1168.66 -0.610 0.0062 

Od09g05350 Red Blue 116.01 75.85 -0.613 0.0086 

Od16g01920 Red Blue 158.79 103.80 -0.613 0.0352 

Od06g01630 Red Blue 267.84 175.08 -0.613 0.0071 

Od11g00830 Red Blue 126.46 82.57 -0.615 0.0052 

Od18g00560 Red Blue 396.66 258.93 -0.615 0.0046 

Od02g02780 Red Blue 639.61 417.10 -0.617 0.0071 

Od02g02260 Red Blue 489.92 319.33 -0.618 0.0062 

Od04g02360 Red Blue 68.63 44.73 -0.618 0.0100 

Od02g02580 Red Blue 1402.40 913.27 -0.619 0.0057 

Od05g02290 Red Blue 2987.00 1945.05 -0.619 0.0081 

Od14g01100 Red Blue 1824.04 1187.45 -0.619 0.0035 

Od09g02650 Red Blue 578.38 376.49 -0.619 0.0095 

Od12g00820 Red Blue 292.77 190.47 -0.620 0.0138 

Od13g00610 Red Blue 116.22 75.50 -0.622 0.0046 

Od07g02050 Red Blue 2440.97 1582.54 -0.625 0.0035 

Od17g00190 Red Blue 199.89 129.57 -0.625 0.0321 

Od06g04520 Red Blue 369.02 239.16 -0.626 0.0052 
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Od04g03290 Red Blue 97.69 63.30 -0.626 0.0071 

Od09g00460 Red Blue 775.64 501.62 -0.629 0.0062 

Od06g00910 Red Blue 40.86 26.42 -0.629 0.0046 

Od02g02570 Red Blue 76.26 49.27 -0.630 0.0052 

Od09g02190 Red Blue 91.99 59.43 -0.630 0.0041 

Od13g02920 Red Blue 322.94 208.54 -0.631 0.0067 

Od16g00350 Red Blue 108.67 70.13 -0.632 0.0071 

Od16g02100 Red Blue 461.42 297.77 -0.632 0.0041 

Od11g04210 Red Blue 71.40 46.00 -0.634 0.0057 

Od06g01110 Red Blue 242.63 156.23 -0.635 0.0057 

Od17g00080 Red Blue 400.63 257.92 -0.635 0.0023 

Od10g01620 Red Blue 41.09 26.45 -0.636 0.0095 

Od17g03070 Red Blue 149.95 96.48 -0.636 0.0052 

Od06g03580 Red Blue 366.69 235.91 -0.636 0.0052 

Od04g01940 Red Blue 261.25 167.91 -0.638 0.0029 

Od12g01370 Red Blue 186.44 119.70 -0.639 0.0046 

Od11g00860 Red Blue 1311.56 841.76 -0.640 0.0009 

Od12g01380 Red Blue 119.06 76.36 -0.641 0.0046 

Od09g05010 Red Blue 599.99 384.40 -0.642 0.0086 

Od20g02850 Red Blue 245.39 157.17 -0.643 0.0071 

Od16g00450 Red Blue 392.15 251.08 -0.643 0.0052 

Od20g00770 Red Blue 1706.87 1092.55 -0.644 0.0046 

Od18g00480 Red Blue 97.98 62.71 -0.644 0.0071 

Od02g02150 Red Blue 762.22 487.68 -0.644 0.0052 

Od11g04260 Red Blue 70.95 45.38 -0.645 0.0016 

Od12g01810 Red Blue 269.54 172.26 -0.646 0.0035 

Od03g02200 Red Blue 227.33 145.13 -0.647 0.0041 

Od02g00710 Red Blue 144.66 92.33 -0.648 0.0262 

Od01g02120 Red Blue 682.25 434.87 -0.650 0.0016 

Od07g01440 Red Blue 92.86 59.11 -0.652 0.0035 

Od01g03340 Red Blue 182.80 116.26 -0.653 0.0029 

Od14g00500 Red Blue 224.76 142.95 -0.653 0.0009 

Od02g02210 Red Blue 997.36 634.25 -0.653 0.0041 

Od05g01980 Red Blue 1495.66 948.91 -0.656 0.0046 

Od06g06190 Red Blue 387.93 245.71 -0.659 0.0035 

Od06g05840 Red Blue 96.53 61.11 -0.660 0.0035 

Od07g03350 Red Blue 146.56 92.71 -0.661 0.0248 

Od08g02040 Red Blue 87.28 55.21 -0.661 0.0029 

Od16g00770 Red Blue 168.38 106.36 -0.663 0.0029 

Od03g02230 Red Blue 465.62 293.98 -0.663 0.0023 

Od07g02800 Red Blue 3597.08 2270.76 -0.664 0.0023 

Od08g01560 Red Blue 220.39 139.11 -0.664 0.0035 

Od16g01280 Red Blue 93.18 58.80 -0.664 0.0009 
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Od13g00880 Red Blue 124.83 78.71 -0.665 0.0029 

Od01g03660 Red Blue 70.70 44.57 -0.666 0.0158 

Od05g03380 Red Blue 963.77 607.36 -0.666 0.0029 

Od04g02530 Red Blue 88.17 55.52 -0.667 0.0016 

Od05g00310 Red Blue 52.69 33.17 -0.668 0.0016 

Od01g00610 Red Blue 163.49 102.90 -0.668 0.0035 

Od11g01930 Red Blue 110.28 69.39 -0.668 0.0009 

Od04g05010 Red Blue 635.60 399.90 -0.668 0.0035 

Od02g04020 Red Blue 585.87 368.44 -0.669 0.0016 

Od17g02960 Red Blue 128.29 80.64 -0.670 0.0035 

Od16g02240 Red Blue 470.08 295.40 -0.670 0.0035 

Od01g00950 Red Blue 162.60 102.14 -0.671 0.0399 

Od01g06190 Red Blue 1539.26 966.45 -0.671 0.0016 

Od11g00940 Red Blue 138.66 87.00 -0.672 0.0041 

Od06g01610 Red Blue 509.81 319.80 -0.673 0.0023 

Od12g00670 Red Blue 210.32 131.60 -0.676 0.0009 

Od18g00500 Red Blue 278.45 174.00 -0.678 0.0035 

Od17g00580 Red Blue 484.03 302.45 -0.678 0.0009 

Od01g05190 Red Blue 106.84 66.73 -0.679 0.0041 

Od17g00860 Red Blue 57.97 36.19 -0.680 0.0312 

Od07g02790 Red Blue 2257.59 1409.09 -0.680 0.0016 

Od04g02270 Red Blue 102.12 63.70 -0.681 0.0041 

Od02g02020 Red Blue 760.30 473.94 -0.682 0.0023 

Od02g02880 Red Blue 1174.33 731.87 -0.682 0.0016 

Od20g03120 Red Blue 83.61 52.06 -0.684 0.0016 

Od01g04990 Red Blue 197.07 122.64 -0.684 0.0035 

Od10g00860 Red Blue 656.49 408.41 -0.685 0.0016 

Od04g00730 Red Blue 81.98 50.98 -0.685 0.0009 

Od06g01000 Red Blue 936.31 582.13 -0.686 0.0029 

Od14g02540 Red Blue 378.08 234.89 -0.687 0.0016 

Od18g00540 Red Blue 452.03 280.78 -0.687 0.0016 

Od18g00410 Red Blue 132.14 81.92 -0.690 0.0016 

Od01g01210 Red Blue 141.61 87.66 -0.692 0.0016 

Od16g01250 Red Blue 58.31 36.03 -0.695 0.0023 

Od02g01840 Red Blue 690.04 426.12 -0.695 0.0023 

Od01g07070 Red Blue 10.06 6.21 -0.696 0.0095 

Od07g04250 Red Blue 269.14 165.89 -0.698 0.0009 

Od13g01420 Red Blue 22.48 13.85 -0.698 0.0341 

Od12g01710 Red Blue 893.13 550.21 -0.699 0.0009 

Od06g04800 Red Blue 593.88 365.84 -0.699 0.0035 

Od11g02470 Red Blue 29351.30 18077.70 -0.699 0.0052 

Od17g03100 Red Blue 113.22 69.72 -0.699 0.0009 

Od13g02810 Red Blue 118.49 72.94 -0.700 0.0016 
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Od09g02790 Red Blue 1036.15 636.72 -0.702 0.0009 

Od18g00370 Red Blue 179.55 110.31 -0.703 0.0009 

Od01g07080 Red Blue 10.10 6.19 -0.705 0.0035 

Od12g03120 Red Blue 303.08 185.86 -0.705 0.0016 

Od01g00820 Red Blue 260.92 159.85 -0.707 0.0016 

Od03g03050 Red Blue 262.15 160.51 -0.708 0.0154 

Od02g00530 Red Blue 95.43 58.42 -0.708 0.0090 

Od20g02410 Red Blue 211.66 129.53 -0.708 0.0029 

Od07g02830 Red Blue 181.31 110.96 -0.708 0.0009 

Od14g02610 Red Blue 144.84 88.35 -0.713 0.0009 

Od06g03120 Red Blue 646.41 394.31 -0.713 0.0009 

Od04g00700 Red Blue 1571.67 958.32 -0.714 0.0029 

Od16g00500 Red Blue 144.29 87.91 -0.715 0.0009 

Od18g00290 Red Blue 232.26 141.46 -0.715 0.0016 

Od17g02080 Red Blue 249.93 151.98 -0.718 0.0009 

Od14g01920 Red Blue 86.21 52.37 -0.719 0.0009 

Od04g05170 Red Blue 26.85 16.29 -0.721 0.0174 

Od06g04460 Red Blue 198.20 120.02 -0.724 0.0009 

Od10g01610 Red Blue 16.88 10.22 -0.724 0.0449 

Od06g04660 Red Blue 896.54 541.93 -0.726 0.0009 

Od02g01730 Red Blue 664.13 401.25 -0.727 0.0009 

Od07g02700 Red Blue 83.74 50.56 -0.728 0.0009 

Od04g00720 Red Blue 279.64 168.45 -0.731 0.0009 

Od08g03020 Red Blue 170.12 102.41 -0.732 0.0009 

Od19g00660 Red Blue 172.54 103.69 -0.735 0.0081 

Od09g00180 Red Blue 793.20 475.47 -0.738 0.0023 

Od18g00520 Red Blue 492.57 295.24 -0.738 0.0009 

Od02g03380 Red Blue 303.07 181.51 -0.740 0.0009 

Od13g01670 Red Blue 258.88 154.94 -0.741 0.0009 

Od09g04020 Red Blue 26.26 15.71 -0.741 0.0016 

Od07g00770 Red Blue 199.33 119.21 -0.742 0.0016 

Od13g02380 Red Blue 842.60 503.45 -0.743 0.0009 

Od09g05360 Red Blue 319.15 190.64 -0.743 0.0009 

Od16g01860 Red Blue 153.06 91.32 -0.745 0.0016 

Od17g00890 Red Blue 133.93 79.87 -0.746 0.0349 

Od17g00910 Red Blue 336.20 200.42 -0.746 0.0009 

Od16g02230 Red Blue 107.76 64.23 -0.746 0.0016 

Od18g00340 Red Blue 399.21 237.93 -0.747 0.0016 

Od17g00180 Red Blue 476.90 283.74 -0.749 0.0016 

Od17g00310 Red Blue 3341.79 1981.37 -0.754 0.0009 

Od06g00990 Red Blue 206.14 122.22 -0.754 0.0009 

Od06g04680 Red Blue 663.95 393.27 -0.756 0.0009 

Od20g00760 Red Blue 112.52 66.60 -0.757 0.0009 
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Od12g03300 Red Blue 273.41 161.83 -0.757 0.0009 

Od10g00870 Red Blue 418.74 247.73 -0.757 0.0009 

Od04g02910 Red Blue 213.58 126.22 -0.759 0.0009 

Od05g01900 Red Blue 80.51 47.50 -0.761 0.0009 

Od04g01170 Red Blue 1696.85 1000.93 -0.762 0.0009 

Od09g05690 Red Blue 655.53 386.64 -0.762 0.0009 

Od18g00380 Red Blue 94.93 55.95 -0.763 0.0009 

Od18g00250 Red Blue 96.95 57.10 -0.764 0.0067 

Od05g01720 Red Blue 579.63 340.67 -0.767 0.0009 

Od02g03500 Red Blue 41.89 24.62 -0.767 0.0041 

Od05g00680 Red Blue 91.01 53.44 -0.768 0.0009 

Od09g03890 Red Blue 4693.28 2752.29 -0.770 0.0009 

Od18g00460 Red Blue 530.21 310.82 -0.771 0.0009 

Od16g01820 Red Blue 94.45 55.30 -0.772 0.0009 

Od16g02630 Red Blue 455.85 266.88 -0.772 0.0009 

Od08g00380 Red Blue 56.37 33.00 -0.773 0.0009 

Od04g02610 Red Blue 177.26 103.71 -0.773 0.0009 

Od07g02870 Red Blue 4693.93 2743.96 -0.775 0.0009 

Od17g01460 Red Blue 464.88 271.71 -0.775 0.0009 

Od02g02800 Red Blue 318.54 185.95 -0.777 0.0009 

Od04g05330 Red Blue 107.06 62.46 -0.778 0.0009 

Od04g01950 Red Blue 146.03 85.18 -0.778 0.0009 

Od02g02090 Red Blue 1546.40 901.00 -0.779 0.0009 

Od13g02780 Red Blue 300.80 175.17 -0.780 0.0009 

Od04g02820 Red Blue 5868.24 3417.15 -0.780 0.0009 

Od05g04700 Red Blue 497.24 289.44 -0.781 0.0009 

Od07g00800 Red Blue 1842.03 1071.54 -0.782 0.0009 

Od10g02140 Red Blue 44.00 25.58 -0.782 0.0355 

Od02g02890 Red Blue 342.91 199.21 -0.784 0.0009 

Od07g04640 Red Blue 262.39 152.12 -0.786 0.0009 

Od08g01520 Red Blue 128.61 74.29 -0.792 0.0009 

Od01g04720 Red Blue 83.54 48.15 -0.795 0.0162 

Od04g05270 Red Blue 22.66 13.06 -0.795 0.0009 

Od01g03440 Red Blue 381.88 219.64 -0.798 0.0009 

Od19g00640 Red Blue 332.83 191.30 -0.799 0.0009 

Od14g02210 Red Blue 274.97 157.85 -0.801 0.0009 

Od04g01470 Red Blue 221.58 127.10 -0.802 0.0009 

Od02g01720 Red Blue 792.60 454.19 -0.803 0.0009 

Od14g01880 Red Blue 1057.79 605.77 -0.804 0.0009 

Od06g03250 Red Blue 667.97 382.02 -0.806 0.0009 

Od09g03050 Red Blue 173.30 99.09 -0.806 0.0009 

Od07g01750 Red Blue 1115.00 637.46 -0.807 0.0009 

Od18g00310 Red Blue 92.78 52.95 -0.809 0.0009 
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Od07g02380 Red Blue 1352.88 770.66 -0.812 0.0009 

Od01g01080 Red Blue 119.06 67.79 -0.813 0.0009 

Od17g03090 Red Blue 215.58 122.68 -0.813 0.0009 

Od07g02100 Red Blue 299.54 170.26 -0.815 0.0009 

Od02g04110 Red Blue 93.84 53.33 -0.815 0.0009 

Od17g00960 Red Blue 15.92 9.04 -0.816 0.0062 

Od06g07510 Red Blue 67.10 38.13 -0.816 0.0009 

Od01g04970 Red Blue 232.61 132.10 -0.816 0.0009 

Od02g02250 Red Blue 1040.67 590.97 -0.816 0.0009 

Od18g00300 Red Blue 291.32 165.28 -0.818 0.0009 

Od10g01780 Red Blue 286.30 161.97 -0.822 0.0009 

Od07g03510 Red Blue 185.59 104.99 -0.822 0.0009 

Od07g03830 Red Blue 1440.65 813.82 -0.824 0.0009 

Od01g03450 Red Blue 911.41 513.31 -0.828 0.0009 

Od01g00700 Red Blue 405.37 228.05 -0.830 0.0009 

Od07g00900 Red Blue 245.54 138.12 -0.830 0.0009 

Od09g00820 Red Blue 334.01 187.87 -0.830 0.0009 

Od13g00890 Red Blue 145.27 81.66 -0.831 0.0009 

Od06g06110 Red Blue 169.88 95.43 -0.832 0.0009 

Od06g04670 Red Blue 525.66 294.38 -0.836 0.0071 

Od19g00250 Red Blue 54.87 30.71 -0.838 0.0009 

Od06g04530 Red Blue 721.77 403.47 -0.839 0.0009 

Od06g01290 Red Blue 352.25 196.86 -0.839 0.0009 

Od17g01920 Red Blue 192.54 107.55 -0.840 0.0009 

Od13g03190 Red Blue 386.08 215.56 -0.841 0.0009 

Od05g00580 Red Blue 400.60 223.42 -0.842 0.0009 

Od02g01610 Red Blue 1157.59 644.78 -0.844 0.0009 

Od09g03710 Red Blue 170.03 94.69 -0.845 0.0009 

Od04g00660 Red Blue 279.37 155.40 -0.846 0.0009 

Od07g03190 Red Blue 796.20 442.59 -0.847 0.0009 

Od09g05650 Red Blue 5783.72 3213.13 -0.848 0.0009 

Od01g00710 Red Blue 307.39 170.65 -0.849 0.0009 

Od05g01350 Red Blue 1039.70 576.78 -0.850 0.0009 

Od14g03280 Red Blue 662.40 367.29 -0.851 0.0009 

Od16g02550 Red Blue 702.75 389.02 -0.853 0.0009 

Od02g03960 Red Blue 12605.00 6969.13 -0.855 0.0009 

Od03g01290 Red Blue 112.31 61.93 -0.859 0.0009 

Od06g04580 Red Blue 448.20 247.16 -0.859 0.0009 

Od09g03380 Red Blue 213.95 117.83 -0.861 0.0009 

Od12g02660 Red Blue 346.07 190.38 -0.862 0.0126 

Od07g01970 Red Blue 440.71 242.39 -0.863 0.0009 

Od11g00900 Red Blue 62.95 34.61 -0.863 0.0009 

Od01g03700 Red Blue 1964.80 1079.64 -0.864 0.0009 
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Od07g04200 Red Blue 751.08 412.52 -0.865 0.0009 

Od05g03740 Red Blue 223.40 122.67 -0.865 0.0009 

Od05g01280 Red Blue 164.45 90.21 -0.866 0.0009 

Od01g06140 Red Blue 62.60 34.25 -0.870 0.0009 

Od13g01760 Red Blue 181.59 99.14 -0.873 0.0009 

Od19g01200 Red Blue 634.74 346.33 -0.874 0.0009 

Od03g01260 Red Blue 763.28 415.88 -0.876 0.0009 

Od03g02370 Red Blue 40.58 22.10 -0.877 0.0009 

Od14g02280 Red Blue 208.57 113.49 -0.878 0.0009 

Od07g03790 Red Blue 68.94 37.40 -0.882 0.0009 

Od10g02230 Red Blue 1544.53 837.40 -0.883 0.0009 

Od03g01080 Red Blue 1247.98 676.18 -0.884 0.0009 

Od12g00970 Red Blue 257.56 139.52 -0.884 0.0067 

Od10g02420 Red Blue 2.92 1.58 -0.885 0.0428 

Od04g05340 Red Blue 320.30 173.17 -0.887 0.0009 

Od16g00750 Red Blue 301.09 162.40 -0.891 0.0009 

Od20g00610 Red Blue 634.23 341.73 -0.892 0.0009 

Od17g02560 Red Blue 12286.00 6619.11 -0.892 0.0009 

Od17g00340 Red Blue 45.06 24.26 -0.893 0.0009 

Od10g01180 Red Blue 318.02 171.13 -0.894 0.0009 

Od01g03200 Red Blue 1640.86 882.72 -0.894 0.0009 

Od06g03260 Red Blue 115.68 62.22 -0.895 0.0009 

Od01g05480 Red Blue 772.91 415.22 -0.896 0.0009 

Od17g01930 Red Blue 149.34 80.22 -0.897 0.0009 

Od06g06100 Red Blue 218.66 117.38 -0.898 0.0009 

Od13g00740 Red Blue 124.50 66.76 -0.899 0.0009 

Od01g00600 Red Blue 152.75 81.79 -0.901 0.0009 

Od11g04000 Red Blue 106.65 57.09 -0.901 0.0009 

Od05g03760 Red Blue 7.34 3.93 -0.904 0.0436 

Od18g00470 Red Blue 358.09 191.11 -0.906 0.0009 

Od08g01380 Red Blue 311.92 166.25 -0.908 0.0023 

Od11g02010 Red Blue 49.92 26.57 -0.910 0.0009 

Od16g01370 Red Blue 1271.39 675.69 -0.912 0.0009 

Od11g00560 Red Blue 19.32 10.27 -0.912 0.0009 

Od09g03480 Red Blue 65.51 34.81 -0.912 0.0009 

Od02g03840 Red Blue 14.17 7.53 -0.913 0.0180 

Od01g02970 Red Blue 1318.84 696.97 -0.920 0.0009 

Od07g00560 Red Blue 185.95 98.15 -0.922 0.0009 

Od06g06880 Red Blue 433.53 228.43 -0.924 0.0009 

Od16g02700 Red Blue 315.94 166.36 -0.925 0.0009 

Od17g02000 Red Blue 66.16 34.77 -0.928 0.0009 

Od20g00600 Red Blue 119.74 62.93 -0.928 0.0009 

Od06g03820 Red Blue 152.76 80.24 -0.929 0.0009 



 

  

 

190 

Od17g02010 Red Blue 42.29 22.20 -0.930 0.0035 

Od16g02690 Red Blue 153.46 80.48 -0.931 0.0009 

Od08g01130 Red Blue 780.27 408.02 -0.935 0.0009 

Od12g01760 Red Blue 207.63 108.27 -0.939 0.0009 

Od03g02360 Red Blue 84.75 44.18 -0.940 0.0009 

Od14g02240 Red Blue 166.87 86.92 -0.941 0.0009 

Od09g04780 Red Blue 169.44 88.07 -0.944 0.0009 

Od06g04640 Red Blue 294.76 152.86 -0.947 0.0009 

Od02g01640 Red Blue 469.08 243.04 -0.949 0.0009 

Od02g01370 Red Blue 807.98 418.09 -0.951 0.0009 

Od09g04760 Red Blue 92.46 47.84 -0.951 0.0009 

Od10g00160 Red Blue 3017.20 1557.70 -0.954 0.0009 

Od07g03480 Red Blue 105.38 54.15 -0.961 0.0009 

Od13g00750 Red Blue 275.51 141.50 -0.961 0.0009 

Od05g04230 Red Blue 367.63 188.66 -0.962 0.0009 

Od04g00340 Red Blue 96.55 49.44 -0.966 0.0009 

Od04g00140 Red Blue 174.10 89.15 -0.966 0.0009 

Od10g01790 Red Blue 182.59 93.25 -0.969 0.0009 

Od07g04840 Red Blue 128.25 65.47 -0.970 0.0009 

Od13g03030 Red Blue 28601.40 14566.70 -0.973 0.0009 

Od01g00910 Red Blue 160.87 81.87 -0.974 0.0009 

Od14g02230 Red Blue 250.71 127.47 -0.976 0.0009 

Od05g03200 Red Blue 107.71 54.76 -0.976 0.0009 

Od10g00670 Red Blue 23.55 11.96 -0.978 0.0090 

Od13g00950 Red Blue 224.81 113.62 -0.985 0.0009 

Od01g05230 Red Blue 515.47 259.80 -0.989 0.0009 

Od09g01770 Red Blue 477.43 240.56 -0.989 0.0009 

Od05g04710 Red Blue 245.20 123.37 -0.991 0.0071 

Od07g00470 Red Blue 139.71 70.12 -0.994 0.0009 

Od01g03260 Red Blue 993.06 496.78 -0.999 0.0009 

Od01g05730 Red Blue 371.33 185.70 -1.000 0.0009 

Od05g01370 Red Blue 188.61 94.28 -1.000 0.0009 

Od20g02980 Red Blue 515.34 257.14 -1.003 0.0009 

Od12g02640 Red Blue 509.17 253.56 -1.006 0.0009 

Od17g01480 Red Blue 551.68 274.71 -1.006 0.0009 

Od15g00140 Red Blue 37.43 18.63 -1.007 0.0009 

Od05g02490 Red Blue 115.07 57.16 -1.009 0.0009 

Od06g03340 Red Blue 66.92 33.16 -1.013 0.0009 

Od05g00590 Red Blue 445.42 219.98 -1.018 0.0009 

Od03g00560 Red Blue 66.60 32.88 -1.018 0.0009 

Od09g06250 Red Blue 198.91 97.91 -1.023 0.0009 

Od02g03030 Red Blue 1390.45 680.41 -1.031 0.0009 

Od07g00130 Red Blue 236.82 115.57 -1.035 0.0009 
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Od01g03210 Red Blue 942.51 459.69 -1.036 0.0009 

Od05g01890 Red Blue 89.50 43.48 -1.042 0.0009 

Od04g00980 Red Blue 41.68 20.21 -1.044 0.0009 

Od07g04230 Red Blue 972.57 471.40 -1.045 0.0009 

Od07g03230 Red Blue 743.17 359.62 -1.047 0.0009 

Od04g02510 Red Blue 887.45 429.39 -1.047 0.0009 

Od11g02450 Red Blue 339.53 163.65 -1.053 0.0009 

Od05g01780 Red Blue 149.57 71.94 -1.056 0.0009 

Od03g02310 Red Blue 2076.81 996.25 -1.060 0.0009 

Od05g04650 Red Blue 141.50 67.81 -1.061 0.0009 

Od20g02470 Red Blue 206.88 99.13 -1.061 0.0009 

Od07g04720 Red Blue 1294.55 619.31 -1.064 0.0009 

Od05g05120 Red Blue 451.72 215.64 -1.067 0.0009 

Od09g03950 Red Blue 33.12 15.80 -1.068 0.0009 

Od02g00080 Red Blue 348.64 166.22 -1.069 0.0009 

Od19g00040 Red Blue 479.73 228.70 -1.069 0.0009 

Od15g01050 Red Blue 67.18 32.00 -1.070 0.0009 

Od02g00070 Red Blue 518.45 246.80 -1.071 0.0009 

Od02g02950 Red Blue 1869.11 889.58 -1.071 0.0009 

Od08g00340 Red Blue 272.88 129.82 -1.072 0.0009 

Od16g02600 Red Blue 151.98 71.97 -1.078 0.0009 

Od06g02270 Red Blue 209.75 99.28 -1.079 0.0009 

Od04g00330 Red Blue 1305.68 617.73 -1.080 0.0009 

Od11g04110 Red Blue 1048.64 495.11 -1.083 0.0009 

Od11g00960 Red Blue 126.99 59.60 -1.091 0.0009 

Od10g02270 Red Blue 554.60 259.68 -1.095 0.0009 

Od20g01770 Red Blue 192.20 89.98 -1.095 0.0009 

Od04g00460 Red Blue 1426.23 667.53 -1.095 0.0009 

Od07g03780 Red Blue 52.39 24.46 -1.099 0.0009 

Od03g02850 Red Blue 649.95 303.32 -1.099 0.0009 

Od07g00140 Red Blue 1396.39 650.80 -1.101 0.0009 

Od03g01710 Red Blue 2106.96 980.68 -1.103 0.0009 

Od10g01350 Red Blue 1098.33 509.40 -1.108 0.0009 

Od09g04790 Red Blue 1800.89 833.19 -1.112 0.0009 

Od06g03790 Red Blue 30.80 14.22 -1.115 0.0009 

Od06g04450 Red Blue 2207.09 1015.90 -1.119 0.0009 

Od12g01770 Red Blue 1271.58 584.90 -1.120 0.0009 

Od06g00660 Red Blue 596.88 273.18 -1.128 0.0009 

Od09g02460 Red Blue 179.17 82.00 -1.128 0.0009 

Od10g01360 Red Blue 642.83 293.82 -1.130 0.0009 

Od17g01990 Red Blue 1059.45 484.18 -1.130 0.0009 

Od17g03170 Red Blue 3.39 1.55 -1.132 0.0104 

Od05g02660 Red Blue 295.62 134.77 -1.133 0.0009 
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Od09g04310 Red Blue 56.58 25.75 -1.136 0.0009 

Od18g00260 Red Blue 65.15 29.60 -1.138 0.0009 

Od12g02670 Red Blue 208.01 94.42 -1.139 0.0009 

Od15g00560 Red Blue 2030.10 920.92 -1.140 0.0009 

Od06g03440 Red Blue 103.43 46.87 -1.142 0.0009 

Od12g01140 Red Blue 329.09 146.90 -1.164 0.0009 

Od14g00760 Red Blue 157.96 70.45 -1.165 0.0009 

Od02g00490 Red Blue 5.39 2.39 -1.173 0.0146 

Od04g01630 Red Blue 4541.32 2009.66 -1.176 0.0009 

Od04g02810 Red Blue 826.50 365.63 -1.177 0.0009 

Od14g01500 Red Blue 1068.06 468.97 -1.187 0.0009 

Od06g03170 Red Blue 145.62 63.90 -1.188 0.0009 

Od06g00580 Red Blue 687.09 301.47 -1.189 0.0009 

Od05g03520 Red Blue 728.45 317.64 -1.197 0.0009 

Od07g03760 Red Blue 224.77 97.94 -1.198 0.0009 

Od07g03240 Red Blue 350.83 152.51 -1.202 0.0009 

Od19g00430 Red Blue 246.43 106.84 -1.206 0.0009 

Od01g04650 Red Blue 504.83 218.52 -1.208 0.0009 

Od02g03130 Red Blue 170.05 73.30 -1.214 0.0009 

Od07g01230 Red Blue 797.46 340.32 -1.229 0.0009 

Od18g00270 Red Blue 50.75 21.58 -1.234 0.0009 

Od13g03160 Red Blue 1908.71 804.84 -1.246 0.0009 

Od09g06240 Red Blue 2862.66 1198.81 -1.256 0.0009 

Od08g02950 Red Blue 225.63 94.20 -1.260 0.0009 

Od07g00720 Red Blue 834.34 348.20 -1.261 0.0009 

Od07g04740 Red Blue 90.80 37.73 -1.267 0.0009 

Od14g02940 Red Blue 78.19 32.45 -1.269 0.0009 

Od03g01850 Red Blue 6764.68 2793.03 -1.276 0.0009 

Od14g01690 Red Blue 125.70 51.69 -1.282 0.0009 

Od05g02670 Red Blue 208.94 85.81 -1.284 0.0009 

Od14g00300 Red Blue 28.39 11.58 -1.294 0.0009 

Od08g02490 Red Blue 11513.90 4671.92 -1.301 0.0009 

Od10g01170 Red Blue 350.23 140.36 -1.319 0.0009 

Od06g04490 Red Blue 25.39 10.15 -1.323 0.0009 

Od01g03140 Red Blue 267.94 106.93 -1.325 0.0009 

Od06g06980 Red Blue 947.23 377.59 -1.327 0.0009 

Od08g01040 Red Blue 374.97 149.23 -1.329 0.0009 

Od17g01680 Red Blue 262.59 104.36 -1.331 0.0009 

Od16g02340 Red Blue 245.19 97.15 -1.336 0.0009 

Od07g01310 Red Blue 4947.18 1917.42 -1.367 0.0009 

Od09g02470 Red Blue 162.83 62.07 -1.391 0.0009 

Od04g01620 Red Blue 554.36 210.19 -1.399 0.0009 

Od04g01800 Red Blue 266.86 101.02 -1.401 0.0009 
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Od07g03920 Red Blue 61.26 23.12 -1.406 0.0009 

Od20g02710 Red Blue 7.17 2.70 -1.408 0.0192 

Od02g02960 Red Blue 4170.56 1565.03 -1.414 0.0434 

Od05g04740 Red Blue 130.68 48.81 -1.421 0.0009 

Od07g03670 Red Blue 104.20 38.77 -1.426 0.0009 

Od07g03910 Red Blue 32.09 11.70 -1.455 0.0009 

Od11g00840 Red Blue 101.03 36.66 -1.463 0.0009 

Od04g01770 Red Blue 1265.62 456.98 -1.470 0.0009 

Od01g02410 Red Blue 6268.90 2250.20 -1.478 0.0009 

Od08g01810 Red Blue 369.95 132.20 -1.485 0.0009 

Od06g07490 Red Blue 270.21 96.40 -1.487 0.0009 

Od17g01690 Red Blue 271.45 96.63 -1.490 0.0009 

Od01g01020 Red Blue 464.96 164.12 -1.502 0.0009 

Od13g00450 Red Blue 2.90 1.01 -1.516 0.0487 

Od02g02530 Red Blue 1246.44 433.22 -1.525 0.0009 

Od08g03150 Red Blue 108.09 37.41 -1.531 0.0009 

Od08g03040 Red Blue 885.41 295.69 -1.582 0.0009 

Od04g03820 Red Blue 75.42 25.09 -1.588 0.0009 

Od16g01420 Red Blue 879.75 288.06 -1.611 0.0009 

Od06g01010 Red Blue 192.86 61.52 -1.648 0.0009 

Od10g01560 Red Blue 82.06 26.16 -1.649 0.0009 

Od04g03730 Red Blue 5310.22 1653.93 -1.683 0.0009 

Od06g03610 Red Blue 916.63 262.24 -1.805 0.0009 

Od12g00050 Red Blue 216.28 44.37 -2.285 0.0009 

Od11g01480 Red Blue 73.00 14.31 -2.350 0.0009 

Od10g01940 Blue Green 3.46 0.00 3.461 0.0265 

Od06g07490 Blue Green 96.40 431.08 2.161 0.0009 

Od06g03610 Blue Green 262.24 1162.35 2.148 0.0009 

Od20g01770 Blue Green 89.98 347.84 1.951 0.0009 

Od11g01480 Blue Green 14.31 52.12 1.865 0.0009 

Od07g03670 Blue Green 38.77 136.71 1.818 0.0009 

Od17g00960 Blue Green 9.04 30.72 1.764 0.0009 

Od06g01010 Blue Green 61.52 208.58 1.761 0.0009 

Od06g07500 Blue Green 9.88 32.86 1.733 0.0016 

Od12g01140 Blue Green 146.90 467.43 1.670 0.0009 

Od10g01560 Blue Green 26.16 82.81 1.662 0.0009 

Od16g01420 Blue Green 288.06 858.17 1.575 0.0009 

Od09g06240 Blue Green 1198.81 3522.72 1.555 0.0009 

Od02g02960 Blue Green 1565.03 4551.56 1.540 0.0076 

Od01g01020 Blue Green 164.12 473.59 1.529 0.0009 

Od17g03170 Blue Green 1.55 4.39 1.505 0.0009 

Od04g03820 Blue Green 25.09 70.53 1.491 0.0009 

Od18g00260 Blue Green 29.60 81.67 1.464 0.0009 
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Od13g00740 Blue Green 66.76 183.69 1.460 0.0009 

Od04g01770 Blue Green 456.98 1251.31 1.453 0.0009 

Od10g01360 Blue Green 293.82 800.27 1.446 0.0009 

Od06g03250 Blue Green 382.02 1010.57 1.403 0.0009 

Od03g02370 Blue Green 22.10 58.11 1.395 0.0009 

Od09g06250 Blue Green 97.91 256.25 1.388 0.0009 

Od17g01690 Blue Green 96.63 252.34 1.385 0.0029 

Od04g03730 Blue Green 1653.93 4255.26 1.363 0.0009 

Od05g03520 Blue Green 317.64 817.03 1.363 0.0009 

Od12g02660 Blue Green 190.38 486.08 1.352 0.0009 

Od07g01310 Blue Green 1917.42 4869.77 1.345 0.0009 

Od17g01680 Blue Green 104.36 264.54 1.342 0.0009 

Od10g01170 Blue Green 140.36 354.40 1.336 0.0009 

Od02g02530 Blue Green 433.22 1089.88 1.331 0.0009 

Od02g00080 Blue Green 166.22 418.04 1.331 0.0009 

Od04g00140 Blue Green 89.15 223.99 1.329 0.0009 

Od11g02450 Blue Green 163.65 409.93 1.325 0.0009 

Od01g06140 Blue Green 34.25 84.72 1.307 0.0009 

Od16g02550 Blue Green 389.02 961.87 1.306 0.0009 

Od01g02410 Blue Green 2250.20 5548.05 1.302 0.0009 

Od04g01800 Blue Green 101.02 248.92 1.301 0.0009 

Od10g00370 Blue Green 22.34 55.05 1.301 0.0009 

Od04g01630 Blue Green 2009.66 4905.33 1.287 0.0009 

Od16g02690 Blue Green 80.48 196.25 1.286 0.0009 

Od16g01370 Blue Green 675.69 1646.60 1.285 0.0009 

Od07g04840 Blue Green 65.47 159.38 1.284 0.0009 

Od09g02220 Blue Green 477.88 1160.78 1.280 0.0009 

Od13g03160 Blue Green 804.84 1941.03 1.270 0.0009 

Od03g01850 Blue Green 2793.03 6716.65 1.266 0.0009 

Od07g03910 Blue Green 11.70 28.11 1.264 0.0009 

Od14g01420 Blue Green 63.45 152.29 1.263 0.0009 

Od06g04670 Blue Green 294.38 705.01 1.260 0.0009 

Od06g05880 Blue Green 63.19 150.23 1.249 0.0375 

Od14g01690 Blue Green 51.69 122.51 1.245 0.0009 

Od15g00560 Blue Green 920.92 2178.44 1.242 0.0009 

Od08g01040 Blue Green 149.23 352.42 1.240 0.0009 

Od20g02470 Blue Green 99.13 233.45 1.236 0.0009 

Od18g00270 Blue Green 21.58 50.80 1.235 0.0009 

Od10g02270 Blue Green 259.68 605.92 1.222 0.0009 

Od09g02460 Blue Green 82.00 189.97 1.212 0.0009 

Od04g01620 Blue Green 210.19 485.65 1.208 0.0009 

Od05g04740 Blue Green 48.81 112.38 1.203 0.0009 

Od08g03150 Blue Green 37.41 86.09 1.202 0.0009 
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Od08g01380 Blue Green 166.25 378.95 1.189 0.0009 

Od14g02210 Blue Green 157.85 359.18 1.186 0.0009 

Od08g02490 Blue Green 4671.92 10595.20 1.181 0.0009 

Od10g02140 Blue Green 25.58 57.89 1.178 0.0009 

Od10g01350 Blue Green 509.40 1149.63 1.174 0.0009 

Od05g01370 Blue Green 94.28 212.56 1.173 0.0009 

Od08g02950 Blue Green 94.20 211.80 1.169 0.0009 

Od12g00810 Blue Green 340.21 763.53 1.166 0.0287 

Od19g00430 Blue Green 106.84 239.70 1.166 0.0009 

Od11g00840 Blue Green 36.66 82.19 1.165 0.0009 

Od06g04460 Blue Green 120.02 268.50 1.162 0.0009 

Od19g00640 Blue Green 191.30 426.98 1.158 0.0009 

Od06g04580 Blue Green 247.16 549.40 1.152 0.0009 

Od01g02970 Blue Green 696.97 1547.64 1.151 0.0009 

Od01g04650 Blue Green 218.52 484.00 1.147 0.0009 

Od07g03510 Blue Green 104.99 232.53 1.147 0.0009 

Od04g04150 Blue Green 53.78 119.03 1.146 0.0417 

Od03g02310 Blue Green 996.25 2202.38 1.144 0.0009 

Od09g04790 Blue Green 833.19 1840.87 1.144 0.0009 

Od09g02470 Blue Green 62.07 136.98 1.142 0.0009 

Od05g02670 Blue Green 85.81 188.97 1.139 0.0009 

Od05g00590 Blue Green 219.98 483.98 1.138 0.0009 

Od13g00750 Blue Green 141.50 311.32 1.138 0.0009 

Od01g00600 Blue Green 81.79 179.91 1.137 0.0009 

Od09g04020 Blue Green 15.71 34.53 1.136 0.0009 

Od03g03050 Blue Green 160.51 350.83 1.128 0.0009 

Od07g03790 Blue Green 37.40 81.12 1.117 0.0009 

Od13g00950 Blue Green 113.62 246.28 1.116 0.0009 

Od07g03920 Blue Green 23.12 49.87 1.109 0.0009 

Od01g05730 Blue Green 185.70 400.40 1.108 0.0009 

Od18g00250 Blue Green 57.10 122.67 1.103 0.0009 

Od01g00710 Blue Green 170.65 366.52 1.103 0.0009 

Od07g03480 Blue Green 54.15 116.28 1.103 0.0009 

Od15g00340 Blue Green 127.84 273.90 1.099 0.0009 

Od06g06980 Blue Green 377.59 806.65 1.095 0.0009 

Od06g03790 Blue Green 14.22 30.30 1.091 0.0009 

Od02g01180 Blue Green 39.74 84.62 1.090 0.0423 

Od06g04800 Blue Green 365.84 776.61 1.086 0.0009 

Od07g01230 Blue Green 340.32 721.22 1.084 0.0009 

Od17g00340 Blue Green 24.26 51.39 1.083 0.0009 

Od04g00340 Blue Green 49.44 104.64 1.082 0.0009 

Od06g04450 Blue Green 1015.90 2149.42 1.081 0.0009 

Od05g01890 Blue Green 43.48 91.81 1.078 0.0009 
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Od07g00470 Blue Green 70.12 148.06 1.078 0.0009 

Od01g03210 Blue Green 459.69 964.52 1.069 0.0009 

Od04g02910 Blue Green 126.22 264.64 1.068 0.0009 

Od07g04230 Blue Green 471.40 987.48 1.067 0.0009 

Od10g01790 Blue Green 93.25 195.00 1.064 0.0009 

Od12g00050 Blue Green 44.37 92.66 1.062 0.0009 

Od01g03260 Blue Green 496.78 1034.77 1.059 0.0009 

Od14g00760 Blue Green 70.45 146.54 1.057 0.0009 

Od04g02510 Blue Green 429.39 893.21 1.057 0.0009 

Od07g02830 Blue Green 110.96 230.62 1.056 0.0009 

Od13g01760 Blue Green 99.14 205.87 1.054 0.0009 

Od01g05230 Blue Green 259.80 539.31 1.054 0.0009 

Od07g03230 Blue Green 359.62 745.60 1.052 0.0009 

Od05g05120 Blue Green 215.64 446.92 1.051 0.0009 

Od11g04110 Blue Green 495.11 1024.75 1.049 0.0009 

Od06g07510 Blue Green 38.13 78.73 1.046 0.0009 

Od01g03130 Blue Green 626.36 1286.28 1.038 0.0009 

Od17g01990 Blue Green 484.18 994.17 1.038 0.0009 

Od06g00920 Blue Green 94.33 193.61 1.037 0.0009 

Od09g04760 Blue Green 47.84 98.17 1.037 0.0009 

Od07g03760 Blue Green 97.94 200.07 1.031 0.0009 

Od04g00460 Blue Green 667.53 1359.73 1.026 0.0009 

Od07g04740 Blue Green 37.73 76.51 1.020 0.0009 

Od02g02820 Blue Green 98.01 198.73 1.020 0.0234 

Od05g04710 Blue Green 123.37 250.13 1.020 0.0057 

Od06g02270 Blue Green 99.28 201.24 1.019 0.0009 

Od10g02230 Blue Green 837.40 1694.91 1.017 0.0009 

Od07g02870 Blue Green 2743.96 5550.33 1.016 0.0009 

Od02g03960 Blue Green 6969.13 14074.80 1.014 0.0009 

Od05g03200 Blue Green 54.76 110.45 1.012 0.0009 

Od17g00910 Blue Green 200.42 403.57 1.010 0.0009 

Od17g01480 Blue Green 274.71 552.56 1.008 0.0009 

Od16g01340 Blue Green 957.33 1923.79 1.007 0.0009 

Od12g02640 Blue Green 253.56 509.06 1.005 0.0009 

Od07g04200 Blue Green 412.52 827.23 1.004 0.0009 

Od16g02340 Blue Green 97.15 194.70 1.003 0.0009 

Od17g01920 Blue Green 107.55 215.16 1.000 0.0009 

Od04g00330 Blue Green 617.73 1234.08 0.998 0.0009 

Od02g00070 Blue Green 246.80 492.89 0.998 0.0009 

Od03g02360 Blue Green 44.18 87.78 0.991 0.0009 

Od13g00880 Blue Green 78.71 156.29 0.990 0.0009 

Od03g01080 Blue Green 676.18 1340.97 0.988 0.0009 

Od02g04650 Blue Green 130.87 258.73 0.983 0.0009 



 

  

 

197 

Od09g03710 Blue Green 94.69 187.15 0.983 0.0009 

Od08g01130 Blue Green 408.02 806.26 0.983 0.0009 

Od04g01170 Blue Green 1000.93 1972.02 0.978 0.0009 

Od16g01540 Blue Green 883.60 1740.69 0.978 0.0009 

Od12g02670 Blue Green 94.42 185.99 0.978 0.0009 

Od11g02910 Blue Green 18.51 36.44 0.978 0.0268 

Od02g01260 Blue Green 40.22 79.05 0.975 0.0009 

Od02g03030 Blue Green 680.41 1336.83 0.974 0.0009 

Od17g00580 Blue Green 302.45 592.08 0.969 0.0009 

Od06g03440 Blue Green 46.87 91.69 0.968 0.0009 

Od02g02890 Blue Green 199.21 389.51 0.967 0.0009 

Od05g00580 Blue Green 223.42 436.44 0.966 0.0009 

Od09g05690 Blue Green 386.64 755.06 0.966 0.0009 

Od02g02950 Blue Green 889.58 1736.14 0.965 0.0016 

Od02g04200 Blue Green 201.36 392.16 0.962 0.0009 

Od12g01760 Blue Green 108.27 210.86 0.962 0.0009 

Od06g06190 Blue Green 245.71 478.05 0.960 0.0009 

Od01g03440 Blue Green 219.64 426.98 0.959 0.0009 

Od14g02610 Blue Green 88.35 171.75 0.959 0.0009 

Od11g00560 Blue Green 10.27 19.94 0.958 0.0009 

Od07g00730 Blue Green 356.74 692.96 0.958 0.0009 

Od02g03130 Blue Green 73.30 142.38 0.958 0.0009 

Od07g03780 Blue Green 24.46 47.48 0.957 0.0076 

Od05g02290 Blue Green 1945.05 3767.49 0.954 0.0009 

Od06g00580 Blue Green 301.47 583.56 0.953 0.0009 

Od06g03260 Blue Green 62.22 119.89 0.946 0.0009 

Od10g02420 Blue Green 1.58 3.05 0.945 0.0458 

Od16g00450 Blue Green 251.08 483.40 0.945 0.0009 

Od04g02810 Blue Green 365.63 703.78 0.945 0.0009 

Od06g02650 Blue Green 46.17 88.70 0.942 0.0009 

Od20g02020 Blue Green 71.11 136.61 0.942 0.0009 

Od09g00560 Blue Green 21.79 41.75 0.938 0.0023 

Od01g03060 Blue Green 9.85 18.86 0.937 0.0331 

Od19g00040 Blue Green 228.70 437.43 0.936 0.0009 

Od01g03200 Blue Green 882.72 1687.83 0.935 0.0009 

Od07g00770 Blue Green 119.21 227.86 0.935 0.0009 

Od02g01720 Blue Green 454.19 867.69 0.934 0.0009 

Od16g00400 Blue Green 284.80 544.08 0.934 0.0009 

Od07g00720 Blue Green 348.20 663.87 0.931 0.0009 

Od20g00610 Blue Green 341.73 651.17 0.930 0.0009 

Od20g02980 Blue Green 257.14 489.48 0.929 0.0009 

Od04g02530 Blue Green 55.52 105.68 0.929 0.0009 

Od11g04000 Blue Green 57.09 108.58 0.927 0.0009 
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Od13g02090 Blue Green 110.94 210.90 0.927 0.0009 

Od05g01840 Blue Green 900.26 1710.00 0.926 0.0009 

Od13g00890 Blue Green 81.66 155.04 0.925 0.0009 

Od07g02100 Blue Green 170.26 323.22 0.925 0.0009 

Od11g02310 Blue Green 80.10 152.05 0.925 0.0009 

Od09g04740 Blue Green 53.46 101.43 0.924 0.0009 

Od01g03140 Blue Green 106.93 202.84 0.924 0.0009 

Od05g01350 Blue Green 576.78 1093.62 0.923 0.0009 

Od20g00760 Blue Green 66.60 125.83 0.918 0.0009 

Od09g06200 Blue Green 114.04 215.37 0.917 0.0009 

Od04g01900 Blue Green 109.63 207.04 0.917 0.0009 

Od07g01350 Blue Green 634.47 1196.22 0.915 0.0009 

Od12g00820 Blue Green 190.47 358.80 0.914 0.0016 

Od06g01290 Blue Green 196.86 370.85 0.914 0.0009 

Od07g03240 Blue Green 152.51 287.29 0.914 0.0009 

Od09g01770 Blue Green 240.56 452.07 0.910 0.0016 

Od20g02680 Blue Green 1097.73 2056.75 0.906 0.0009 

Od07g00140 Blue Green 650.80 1216.38 0.902 0.0009 

Od05g01280 Blue Green 90.21 168.54 0.902 0.0009 

Od02g00530 Blue Green 58.42 109.01 0.900 0.0016 

Od09g05650 Blue Green 3213.13 5981.81 0.897 0.0009 

Od05g02660 Blue Green 134.77 250.66 0.895 0.0009 

Od12g03860 Blue Green 999.55 1854.85 0.892 0.0009 

Od14g00300 Blue Green 11.58 21.47 0.891 0.0023 

Od02g01640 Blue Green 243.04 450.57 0.891 0.0009 

Od07g00560 Blue Green 98.15 181.91 0.890 0.0009 

Od05g04230 Blue Green 188.66 349.64 0.890 0.0009 

Od01g05480 Blue Green 415.22 769.48 0.890 0.0009 

Od19g00250 Blue Green 30.71 56.90 0.890 0.0009 

Od06g06880 Blue Green 228.43 423.08 0.889 0.0009 

Od01g00910 Blue Green 81.87 151.39 0.887 0.0009 

Od09g01870 Blue Green 68.21 125.88 0.884 0.0009 

Od05g01780 Blue Green 71.94 132.63 0.883 0.0009 

Od13g01850 Blue Green 225.46 414.57 0.879 0.0009 

Od09g01600 Blue Green 178.41 327.42 0.876 0.0009 

Od04g01050 Blue Green 2143.09 3931.59 0.875 0.0009 

Od07g01730 Blue Green 56.75 104.02 0.874 0.0009 

Od15g01150 Blue Green 49.17 90.06 0.873 0.0009 

Od04g02270 Blue Green 63.70 116.66 0.873 0.0009 

Od17g03100 Blue Green 69.72 127.56 0.872 0.0009 

Od04g00720 Blue Green 168.45 307.43 0.868 0.0009 

Od02g00710 Blue Green 92.33 168.49 0.868 0.0041 

Od02g01370 Blue Green 418.09 762.28 0.867 0.0009 
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Od06g05350 Blue Green 78.42 142.98 0.866 0.0009 

Od02g03500 Blue Green 24.62 44.88 0.866 0.0041 

Od11g00650 Blue Green 387.32 706.10 0.866 0.0009 

Od08g02040 Blue Green 55.21 100.60 0.866 0.0009 

Od09g00060 Blue Green 130.14 237.09 0.865 0.0009 

Od16g02100 Blue Green 297.77 542.46 0.865 0.0009 

Od17g00860 Blue Green 36.19 65.89 0.865 0.0108 

Od16g00350 Blue Green 70.13 127.63 0.864 0.0009 

Od11g02010 Blue Green 26.57 48.34 0.863 0.0023 

Od08g00380 Blue Green 33.00 60.03 0.863 0.0009 

Od08g01560 Blue Green 139.11 253.02 0.863 0.0009 

Od12g01710 Blue Green 550.21 1000.61 0.863 0.0009 

Od02g03840 Blue Green 7.53 13.67 0.861 0.0495 

Od13g02780 Blue Green 175.17 318.05 0.861 0.0009 

Od04g01340 Blue Green 167.05 303.15 0.860 0.0009 

Od06g04660 Blue Green 541.93 983.07 0.859 0.0009 

Od05g02490 Blue Green 57.16 103.58 0.858 0.0009 

Od14g03280 Blue Green 367.29 665.00 0.856 0.0009 

Od20g00770 Blue Green 1092.55 1975.14 0.854 0.0009 

Od09g00630 Blue Green 48.76 88.01 0.852 0.0029 

Od14g02280 Blue Green 113.49 204.77 0.851 0.0009 

Od10g01780 Blue Green 161.97 292.10 0.851 0.0009 

Od01g02490 Blue Green 131.48 236.94 0.850 0.0009 

Od10g01990 Blue Green 18.29 32.95 0.849 0.0009 

Od05g00680 Blue Green 53.44 96.27 0.849 0.0009 

Od11g02960 Blue Green 305.00 549.11 0.848 0.0009 

Od08g00510 Blue Green 64.51 115.90 0.845 0.0009 

Od05g03380 Blue Green 607.36 1090.95 0.845 0.0009 

Od07g03350 Blue Green 92.71 166.41 0.844 0.0062 

Od06g06180 Blue Green 31.14 55.83 0.842 0.0052 

Od17g00180 Blue Green 283.74 508.40 0.841 0.0016 

Od10g01610 Blue Green 10.22 18.30 0.841 0.0281 

Od06g04310 Blue Green 1310.70 2345.35 0.839 0.0154 

Od10g00160 Blue Green 1557.70 2787.18 0.839 0.0009 

Od10g02060 Blue Green 9.63 17.20 0.837 0.0009 

Od08g00340 Blue Green 129.82 231.79 0.836 0.0009 

Od07g00130 Blue Green 115.57 206.17 0.835 0.0009 

Od04g05010 Blue Green 399.90 713.05 0.834 0.0009 

Od14g01500 Blue Green 468.97 835.47 0.833 0.0009 

Od16g01360 Blue Green 35.65 63.51 0.833 0.0009 

Od01g00820 Blue Green 159.85 284.62 0.832 0.0016 

Od02g02880 Blue Green 731.87 1302.29 0.831 0.0009 

Od12g03300 Blue Green 161.83 287.93 0.831 0.0009 
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Od18g00230 Blue Green 28.02 49.86 0.831 0.0009 

Od06g00980 Blue Green 752.78 1338.69 0.831 0.0009 

Od09g03610 Blue Green 35.39 62.82 0.828 0.0224 

Od01g04970 Blue Green 132.10 234.22 0.826 0.0009 

Od16g00500 Blue Green 87.91 155.79 0.826 0.0009 

Od13g03190 Blue Green 215.56 380.82 0.821 0.0009 

Od16g00910 Blue Green 872.44 1540.94 0.821 0.0009 

Od06g03820 Blue Green 80.24 141.54 0.819 0.0009 

Od05g00410 Blue Green 789.26 1391.27 0.818 0.0009 

Od20g00600 Blue Green 62.93 110.91 0.818 0.0009 

Od07g04640 Blue Green 152.12 268.08 0.817 0.0009 

Od09g01170 Blue Green 107.53 189.39 0.817 0.0009 

Od06g06110 Blue Green 95.43 167.53 0.812 0.0016 

Od16g02700 Blue Green 166.36 291.95 0.811 0.0009 

Od09g02160 Blue Green 38.00 66.60 0.810 0.0158 

Od09g03380 Blue Green 117.83 206.28 0.808 0.0009 

Od04g01470 Blue Green 127.10 222.21 0.806 0.0009 

Od12g01380 Blue Green 76.36 133.49 0.806 0.0009 

Od17g00310 Blue Green 1981.37 3463.30 0.806 0.0009 

Od07g01340 Blue Green 36.05 62.99 0.805 0.0046 

Od09g00050 Blue Green 89.25 155.91 0.805 0.0009 

Od02g02280 Blue Green 1440.77 2511.67 0.802 0.0009 

Od03g01710 Blue Green 980.68 1709.16 0.801 0.0009 

Od01g06440 Blue Green 226.69 394.13 0.798 0.0009 

Od11g03590 Blue Green 265.36 461.03 0.797 0.0009 

Od14g03100 Blue Green 236.26 410.43 0.797 0.0009 

Od15g00730 Blue Green 125.03 216.92 0.795 0.0009 

Od10g00310 Blue Green 49.20 85.25 0.793 0.0035 

Od14g01880 Blue Green 605.77 1049.21 0.792 0.0023 

Od01g03230 Blue Green 12.66 21.91 0.792 0.0420 

Od05g04600 Blue Green 174.63 302.26 0.792 0.0009 

Od20g02620 Blue Green 220.10 380.96 0.792 0.0023 

Od01g00700 Blue Green 228.05 394.68 0.791 0.0029 

Od08g00630 Blue Green 83.99 145.31 0.791 0.0009 

Od05g04700 Blue Green 289.44 499.30 0.787 0.0009 

Od13g00600 Blue Green 14.35 24.73 0.785 0.0009 

Od10g00380 Blue Green 173.43 298.72 0.784 0.0009 

Od09g04780 Blue Green 88.07 151.57 0.783 0.0009 

Od01g07060 Blue Green 69.70 119.92 0.783 0.0009 

Od01g01080 Blue Green 67.79 116.58 0.782 0.0009 

Od06g04640 Blue Green 152.86 262.68 0.781 0.0009 

Od14g01100 Blue Green 1187.45 2039.46 0.780 0.0016 

Od14g01250 Blue Green 1086.66 1863.72 0.778 0.0009 
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Od17g00130 Blue Green 330.09 566.08 0.778 0.0029 

Od09g03870 Blue Green 174.47 298.34 0.774 0.0009 

Od05g03740 Blue Green 122.67 209.61 0.773 0.0009 

Od10g01760 Blue Green 225.43 385.05 0.772 0.0009 

Od08g02800 Blue Green 25.61 43.74 0.772 0.0016 

Od09g03050 Blue Green 99.09 168.98 0.770 0.0052 

Od07g00800 Blue Green 1071.54 1824.69 0.768 0.0023 

Od05g01040 Blue Green 50.23 85.41 0.766 0.0029 

Od16g01250 Blue Green 36.03 61.21 0.765 0.0023 

Od09g02090 Blue Green 36.74 62.37 0.763 0.0009 

Od12g03120 Blue Green 185.86 315.12 0.762 0.0009 

Od06g06520 Blue Green 31.79 53.88 0.761 0.0439 

Od16g00770 Blue Green 106.36 180.21 0.761 0.0009 

Od15g01360 Blue Green 57.87 97.93 0.759 0.0016 

Od03g02200 Blue Green 145.13 245.48 0.758 0.0016 

Od20g01100 Blue Green 161.10 272.38 0.758 0.0009 

Od01g05530 Blue Green 1084.24 1832.85 0.757 0.0009 

Od06g03340 Blue Green 33.16 55.91 0.754 0.0016 

Od02g03280 Blue Green 499.19 841.59 0.754 0.0016 

Od12g03760 Blue Green 74.78 125.50 0.747 0.0023 

Od01g06180 Blue Green 139.57 234.16 0.746 0.0029 

Od06g05830 Blue Green 204.16 341.87 0.744 0.0023 

Od07g04290 Blue Green 108.02 180.85 0.744 0.0023 

Od15g01140 Blue Green 45.06 75.41 0.743 0.0290 

Od03g01260 Blue Green 415.88 695.71 0.742 0.0035 

Od13g01120 Blue Green 541.33 905.44 0.742 0.0023 

Od03g03060 Blue Green 173.15 289.30 0.741 0.0035 

Od01g01210 Blue Green 87.66 146.44 0.740 0.0035 

Od17g01930 Blue Green 80.22 133.99 0.740 0.0052 

Od06g01100 Blue Green 75.66 126.36 0.740 0.0052 

Od07g02380 Blue Green 770.66 1286.80 0.740 0.0023 

Od04g04320 Blue Green 32.61 54.44 0.740 0.0210 

Od02g04020 Blue Green 368.44 614.87 0.739 0.0029 

Od07g03190 Blue Green 442.59 738.39 0.738 0.0029 

Od06g00990 Blue Green 122.22 203.86 0.738 0.0016 

Od09g00820 Blue Green 187.87 313.24 0.738 0.0041 

Od11g02200 Blue Green 53.37 88.95 0.737 0.0071 

Od01g05070 Blue Green 233.81 389.42 0.736 0.0016 

Od08g00180 Blue Green 3394.38 5653.55 0.736 0.0023 

Od07g03830 Blue Green 813.82 1355.39 0.736 0.0029 

Od16g02600 Blue Green 71.97 119.85 0.736 0.0035 

Od17g00330 Blue Green 1157.53 1925.44 0.734 0.0016 

Od17g02560 Blue Green 6619.11 11009.70 0.734 0.0016 
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Od06g04530 Blue Green 403.47 671.07 0.734 0.0009 

Od08g03040 Blue Green 295.69 491.44 0.733 0.0052 

Od04g05170 Blue Green 16.29 27.06 0.732 0.0271 

Od07g01440 Blue Green 59.11 98.20 0.732 0.0009 

Od04g02330 Blue Green 182.62 303.27 0.732 0.0206 

Od17g00080 Blue Green 257.92 428.23 0.731 0.0009 

Od03g00600 Blue Green 436.38 724.38 0.731 0.0009 

Od14g01120 Blue Green 117.09 194.34 0.731 0.0023 

Od04g00700 Blue Green 958.32 1590.30 0.731 0.0023 

Od02g04320 Blue Green 120.89 200.60 0.731 0.0041 

Od05g04640 Blue Green 162.99 269.42 0.725 0.0041 

Od06g03120 Blue Green 394.31 651.79 0.725 0.0029 

Od12g01850 Blue Green 350.14 578.75 0.725 0.0035 

Od07g01360 Blue Green 815.02 1346.58 0.724 0.0046 

Od20g02230 Blue Green 1127.32 1861.80 0.724 0.0035 

Od02g01610 Blue Green 644.78 1064.48 0.723 0.0029 

Od20g02440 Blue Green 131.61 217.26 0.723 0.0071 

Od11g04210 Blue Green 46.00 75.91 0.723 0.0023 

Od07g03890 Blue Green 80.83 133.29 0.722 0.0076 

Od01g01970 Blue Green 308.21 507.73 0.720 0.0029 

Od04g02180 Blue Green 158.51 260.97 0.719 0.0029 

Od03g00700 Blue Green 60.41 99.33 0.717 0.0023 

Od18g00470 Blue Green 191.11 313.99 0.716 0.0035 

Od03g02230 Blue Green 293.98 482.92 0.716 0.0041 

Od05g04140 Blue Green 125.76 206.35 0.714 0.0016 

Od04g03290 Blue Green 63.30 103.81 0.714 0.0062 

Od20g02940 Blue Green 99.21 162.64 0.713 0.0035 

Od14g02230 Blue Green 127.47 208.92 0.713 0.0023 

Od16g00750 Blue Green 162.40 266.10 0.712 0.0041 

Od16g00480 Blue Green 56.10 91.87 0.712 0.0062 

Od04g02520 Blue Green 10.53 17.25 0.712 0.0067 

Od07g02800 Blue Green 2270.76 3716.93 0.711 0.0016 

Od03g01290 Blue Green 61.93 101.36 0.711 0.0029 

Od14g02240 Blue Green 86.92 142.25 0.711 0.0023 

Od04g05340 Blue Green 173.17 283.38 0.711 0.0023 

Od16g02240 Blue Green 295.40 483.11 0.710 0.0035 

Od08g00110 Blue Green 42.20 69.00 0.709 0.0041 

Od01g02070 Blue Green 278.02 454.49 0.709 0.0023 

Od05g01720 Blue Green 340.67 556.82 0.709 0.0035 

Od04g00660 Blue Green 155.40 253.95 0.709 0.0016 

Od17g01810 Blue Green 62.08 101.36 0.707 0.0023 

Od04g02760 Blue Green 290.67 474.42 0.707 0.0046 

Od17g02000 Blue Green 34.77 56.72 0.706 0.0086 
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Od06g01660 Blue Green 112.33 183.15 0.705 0.0035 

Od08g00410 Blue Green 128.57 209.28 0.703 0.0052 

Od19g00400 Blue Green 63.36 103.08 0.702 0.0035 

Od04g02650 Blue Green 59.45 96.62 0.701 0.0029 

Od03g00740 Blue Green 655.80 1064.92 0.699 0.0035 

Od09g02190 Blue Green 59.43 96.50 0.699 0.0052 

Od07g02280 Blue Green 861.19 1398.17 0.699 0.0023 

Od14g01440 Blue Green 127.80 207.49 0.699 0.0023 

Od06g00510 Blue Green 111.26 180.49 0.698 0.0035 

Od06g00660 Blue Green 273.18 443.12 0.698 0.0009 

Od05g01980 Blue Green 948.91 1539.20 0.698 0.0046 

Od01g06190 Blue Green 966.45 1566.80 0.697 0.0029 

Od17g02960 Blue Green 80.64 130.70 0.697 0.0035 

Od16g02630 Blue Green 266.88 432.34 0.696 0.0067 

Od07g04560 Blue Green 134.10 217.19 0.696 0.0046 

Od01g00470 Blue Green 240.80 389.64 0.694 0.0029 

Od12g00420 Blue Green 50.64 81.93 0.694 0.0067 

Od07g01840 Blue Green 21.82 35.29 0.694 0.0306 

Od04g00730 Blue Green 50.98 82.45 0.694 0.0067 

Od01g02120 Blue Green 434.87 703.14 0.693 0.0057 

Od17g01590 Blue Green 24.79 40.06 0.692 0.0041 

Od19g01010 Blue Green 243.42 393.06 0.691 0.0046 

Od09g03480 Blue Green 34.81 56.21 0.691 0.0067 

Od07g00790 Blue Green 53.00 85.54 0.691 0.0052 

Od02g04110 Blue Green 53.33 86.04 0.690 0.0138 

Od10g01180 Blue Green 171.13 276.02 0.690 0.0108 

Od09g02060 Blue Green 449.27 724.58 0.690 0.0035 

Od05g01340 Blue Green 11.21 18.07 0.689 0.0029 

Od16g01860 Blue Green 91.32 147.19 0.689 0.0041 

Od06g03460 Blue Green 153.66 247.49 0.688 0.0062 

Od06g02790 Blue Green 407.79 656.74 0.687 0.0062 

Od15g01370 Blue Green 777.45 1251.49 0.687 0.0046 

Od05g00710 Blue Green 139.85 224.96 0.686 0.0086 

Od05g01900 Blue Green 47.50 76.40 0.686 0.0046 

Od15g00140 Blue Green 18.63 29.96 0.685 0.0158 

Od08g01660 Blue Green 301.11 484.11 0.685 0.0023 

Od02g00380 Blue Green 170.52 274.11 0.685 0.0046 

Od02g02590 Blue Green 699.77 1124.19 0.684 0.0062 

Od20g01670 Blue Green 27.60 44.29 0.682 0.0349 

Od06g02280 Blue Green 39.74 63.74 0.682 0.0192 

Od04g02360 Blue Green 44.73 71.73 0.681 0.0090 

Od04g01890 Blue Green 740.99 1187.09 0.680 0.0057 

Od01g03660 Blue Green 44.57 71.39 0.680 0.0357 
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Od05g03220 Blue Green 66.31 106.08 0.678 0.0052 

Od14g00560 Blue Green 168.91 270.18 0.678 0.0081 

Od01g01960 Blue Green 230.25 368.18 0.677 0.0081 

Od01g02360 Blue Green 16.92 27.03 0.676 0.0343 

Od03g02190 Blue Green 112.66 179.99 0.676 0.0041 

Od12g01770 Blue Green 584.90 934.34 0.676 0.0067 

Od14g00220 Blue Green 97.13 155.10 0.675 0.0300 

Od10g01620 Blue Green 26.45 42.23 0.675 0.0100 

Od04g02010 Blue Green 519.71 829.74 0.675 0.0076 

Od09g02650 Blue Green 376.49 601.04 0.675 0.0062 

Od16g01280 Blue Green 58.80 93.83 0.674 0.0086 

Od15g00670 Blue Green 57.55 91.83 0.674 0.0041 

Od12g03170 Blue Green 82.14 130.92 0.673 0.0046 

Od02g01400 Blue Green 742.11 1182.67 0.672 0.0227 

Od07g02000 Blue Green 128.50 204.74 0.672 0.0076 

Od02g00480 Blue Green 198.26 315.70 0.671 0.0057 

Od01g00900 Blue Green 36.78 58.54 0.671 0.0154 

Od11g04260 Blue Green 45.38 72.21 0.670 0.0071 

Od06g06080 Blue Green 88.83 141.25 0.669 0.0108 

Od14g02540 Blue Green 234.89 373.23 0.668 0.0071 

Od06g04820 Blue Green 26.37 41.88 0.667 0.0052 

Od03g02220 Blue Green 168.70 267.89 0.667 0.0134 

Od08g02690 Blue Green 78.46 124.56 0.667 0.0046 

Od06g06750 Blue Green 258.37 409.87 0.666 0.0081 

Od14g02970 Blue Green 14.24 22.58 0.665 0.0081 

Od04g01950 Blue Green 85.18 135.07 0.665 0.0052 

Od06g07010 Blue Green 53.53 84.87 0.665 0.0275 

Od11g00860 Blue Green 841.76 1334.38 0.665 0.0057 

Od20g01870 Blue Green 26.35 41.77 0.665 0.0487 

Od06g04990 Blue Green 120.11 190.29 0.664 0.0071 

Od12g02280 Blue Green 144.31 228.61 0.664 0.0142 

Od01g03830 Blue Green 649.08 1026.54 0.661 0.0081 

Od09g05080 Blue Green 245.30 387.66 0.660 0.0062 

Od01g02350 Blue Green 13.18 20.82 0.660 0.0309 

Od20g00950 Blue Green 95.34 150.48 0.658 0.0071 

Od09g04370 Blue Green 91.16 143.86 0.658 0.0067 

Od07g04160 Blue Green 427.74 675.00 0.658 0.0076 

Od19g01230 Blue Green 246.70 389.23 0.658 0.0067 

Od12g01240 Blue Green 202.81 319.86 0.657 0.0076 

Od08g01940 Blue Green 22.79 35.91 0.656 0.0158 

Od07g04210 Blue Green 93.83 147.83 0.656 0.0057 

Od02g00190 Blue Green 255.88 403.07 0.656 0.0100 

Od09g03950 Blue Green 15.80 24.88 0.655 0.0170 
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Od01g06560 Blue Green 218.98 344.66 0.654 0.0108 

Od13g02930 Blue Green 89.24 140.41 0.654 0.0062 

Od17g02080 Blue Green 151.98 239.05 0.653 0.0062 

Od07g04940 Blue Green 64.32 101.12 0.653 0.0076 

Od15g01050 Blue Green 32.00 50.29 0.652 0.0184 

Od20g00660 Blue Green 67.39 105.85 0.651 0.0076 

Od02g01840 Blue Green 426.12 668.71 0.650 0.0076 

Od19g00660 Blue Green 103.69 162.70 0.650 0.0461 

Od04g02560 Blue Green 76.06 119.11 0.647 0.0081 

Od10g00290 Blue Green 795.84 1245.05 0.646 0.0095 

Od06g01900 Blue Green 70.18 109.76 0.645 0.0104 

Od15g00860 Blue Green 322.05 503.53 0.645 0.0086 

Od10g02450 Blue Green 1000.01 1562.88 0.644 0.0108 

Od11g03230 Blue Green 250.59 391.60 0.644 0.0062 

Od16g00760 Blue Green 110.68 172.92 0.644 0.0095 

Od13g02150 Blue Green 126.20 196.82 0.641 0.0278 

Od13g01950 Blue Green 384.98 600.31 0.641 0.0130 

Od09g01900 Blue Green 564.99 879.93 0.639 0.0154 

Od14g03300 Blue Green 50.54 78.68 0.639 0.0287 

Od01g06380 Blue Green 108.72 169.07 0.637 0.0122 

Od01g01040 Blue Green 90.06 140.04 0.637 0.0154 

Od08g02110 Blue Green 36.34 56.49 0.636 0.0090 

Od18g00380 Blue Green 55.95 86.85 0.634 0.0117 

Od19g00510 Blue Green 59.49 92.32 0.634 0.0117 

Od17g01140 Blue Green 41.53 64.45 0.634 0.0122 

Od11g00960 Blue Green 59.60 92.40 0.633 0.0210 

Od08g00030 Blue Green 9.58 14.86 0.633 0.0184 

Od12g02760 Blue Green 88.59 137.34 0.633 0.0130 

Od13g01670 Blue Green 154.94 240.06 0.632 0.0108 

Od20g03110 Blue Green 129.43 200.41 0.631 0.0162 

Od12g01230 Blue Green 199.65 309.10 0.631 0.0138 

Od08g01170 Blue Green 90.58 140.13 0.630 0.0108 

Od12g01510 Blue Green 62.63 96.76 0.628 0.0192 

Od03g01720 Blue Green 38.01 58.68 0.627 0.0166 

Od12g01570 Blue Green 67.02 103.46 0.626 0.0113 

Od20g03370 Blue Green 116.16 179.18 0.625 0.0150 

Od06g05740 Blue Green 663.36 1023.07 0.625 0.0130 

Od06g04680 Blue Green 393.27 606.20 0.624 0.0146 

Od06g02680 Blue Green 58.41 90.01 0.624 0.0142 

Od11g00770 Blue Green 42.79 65.92 0.624 0.0146 

Od01g06780 Blue Green 50.49 77.75 0.623 0.0108 

Od16g02230 Blue Green 64.23 98.90 0.623 0.0166 

Od20g03120 Blue Green 52.06 80.05 0.621 0.0126 
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Od17g00300 Blue Green 63.79 98.06 0.620 0.0162 

Od13g00610 Blue Green 75.50 116.04 0.620 0.0188 

Od14g02160 Blue Green 424.31 651.99 0.620 0.0138 

Od03g02820 Blue Green 111.38 171.07 0.619 0.0117 

Od08g01520 Blue Green 74.29 114.10 0.619 0.0126 

Od13g02710 Blue Green 451.10 692.76 0.619 0.0174 

Od11g02470 Blue Green 18077.70 27747.00 0.618 0.0057 

Od01g01520 Blue Green 783.74 1202.87 0.618 0.0130 

Od02g00410 Blue Green 50.02 76.70 0.617 0.0162 

Od07g02520 Blue Green 123.95 189.73 0.614 0.0150 

Od10g00440 Blue Green 496.90 760.58 0.614 0.0188 

Od13g02650 Blue Green 47.49 72.64 0.613 0.0341 

Od01g01530 Blue Green 145.20 221.91 0.612 0.0177 

Od02g02250 Blue Green 590.97 902.84 0.611 0.0142 

Od16g01100 Blue Green 92.67 141.56 0.611 0.0180 

Od06g04510 Blue Green 129.16 197.28 0.611 0.0122 

Od06g01630 Blue Green 175.08 267.39 0.611 0.0138 

Od08g03020 Blue Green 102.41 156.35 0.610 0.0180 

Od11g00830 Blue Green 82.57 126.05 0.610 0.0130 

Od08g00080 Blue Green 190.57 290.86 0.610 0.0170 

Od09g05010 Blue Green 384.40 586.52 0.610 0.0174 

Od07g02050 Blue Green 1582.54 2413.53 0.609 0.0184 

Od11g01930 Blue Green 69.39 105.81 0.609 0.0122 

Od05g01030 Blue Green 25.69 39.17 0.609 0.0463 

Od13g00730 Blue Green 405.57 618.17 0.608 0.0177 

Od15g00090 Blue Green 243.19 370.61 0.608 0.0188 

Od02g01730 Blue Green 401.25 611.36 0.608 0.0142 

Od18g00220 Blue Green 44.90 68.39 0.607 0.0341 

Od05g04680 Blue Green 108.76 165.65 0.607 0.0142 

Od19g01200 Blue Green 346.33 526.89 0.605 0.0199 

Od03g01930 Blue Green 37.68 57.29 0.605 0.0177 

Od09g06000 Blue Green 86.58 131.56 0.604 0.0402 

Od14g03220 Blue Green 213.81 324.62 0.602 0.0130 

Od20g00300 Blue Green 405.08 614.92 0.602 0.0195 

Od05g00570 Blue Green 54.56 82.81 0.602 0.0202 

Od06g02640 Blue Green 1204.25 1827.77 0.602 0.0213 

Od01g05820 Blue Green 322.48 488.88 0.600 0.0184 

Od20g00850 Blue Green 46.56 70.56 0.600 0.0184 

Od06g03270 Blue Green 86.94 131.73 0.600 0.0234 

Od20g02670 Blue Green 308.71 467.66 0.599 0.0227 

Od10g00200 Blue Green 102.78 155.69 0.599 0.0195 

Od04g00690 Blue Green 409.08 619.47 0.599 0.0217 

Od08g00810 Blue Green 286.50 433.50 0.598 0.0245 
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Od03g01000 Blue Green 61.22 92.63 0.597 0.0268 

Od05g01130 Blue Green 61.53 93.08 0.597 0.0174 

Od12g00990 Blue Green 131.08 198.31 0.597 0.0188 

Od03g00760 Blue Green 905.41 1369.52 0.597 0.0234 

Od07g02150 Blue Green 155.49 235.18 0.597 0.0227 

Od20g02130 Blue Green 1143.52 1728.62 0.596 0.0366 

Od03g00380 Blue Green 36.80 55.63 0.596 0.0255 

Od04g04520 Blue Green 53.69 81.15 0.596 0.0142 

Od04g03390 Blue Green 65.85 99.49 0.595 0.0411 

Od16g00600 Blue Green 56.86 85.86 0.595 0.0213 

Od01g01400 Blue Green 211.59 319.42 0.594 0.0210 

Od19g01150 Blue Green 115.53 174.39 0.594 0.0241 

Od03g02930 Blue Green 83.76 126.39 0.594 0.0177 

Od20g00350 Blue Green 539.00 812.60 0.592 0.0202 

Od07g00970 Blue Green 48.87 73.67 0.592 0.0177 

Od12g03440 Blue Green 138.32 208.49 0.592 0.0177 

Od01g04990 Blue Green 122.64 184.79 0.592 0.0258 

Od02g01760 Blue Green 104.48 157.40 0.591 0.0231 

Od09g05370 Blue Green 974.81 1467.84 0.591 0.0331 

Od13g00240 Blue Green 59.36 89.35 0.590 0.0170 

Od01g02380 Blue Green 54.23 81.63 0.590 0.0405 

Od06g06410 Blue Green 67.66 101.83 0.590 0.0177 

Od06g00080 Blue Green 85.70 128.95 0.589 0.0217 

Od09g05360 Blue Green 190.64 286.69 0.589 0.0234 

Od09g04960 Blue Green 43.52 65.44 0.588 0.0227 

Od11g02250 Blue Green 35.28 53.01 0.587 0.0220 

Od12g03290 Blue Green 70.84 106.28 0.585 0.0213 

Od05g00090 Blue Green 173.22 259.60 0.584 0.0265 

Od02g00100 Blue Green 27.13 40.65 0.583 0.0227 

Od09g02040 Blue Green 268.66 402.38 0.583 0.0224 

Od10g00080 Blue Green 236.71 354.39 0.582 0.0248 

Od02g04330 Blue Green 48.29 72.28 0.582 0.0265 

Od03g02030 Blue Green 110.06 164.61 0.581 0.0206 

Od09g00980 Blue Green 120.40 179.95 0.580 0.0217 

Od05g01680 Blue Green 89.56 133.83 0.580 0.0224 

Od20g02410 Blue Green 129.53 193.49 0.579 0.0245 

Od09g04130 Blue Green 92.21 137.71 0.579 0.0248 

Od08g02460 Blue Green 114.85 171.52 0.579 0.0213 

Od06g03540 Blue Green 62.67 93.59 0.579 0.0220 

Od10g00030 Blue Green 401.95 600.12 0.578 0.0297 

Od12g03310 Blue Green 115.61 172.58 0.578 0.0170 

Od03g01170 Blue Green 270.23 403.30 0.578 0.0297 

Od04g02820 Blue Green 3417.15 5098.57 0.577 0.0206 
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Od12g03770 Blue Green 135.11 201.50 0.577 0.0224 

Od16g00470 Blue Green 1930.41 2878.48 0.576 0.0199 

Od07g02590 Blue Green 379.18 565.27 0.576 0.0262 

Od12g03280 Blue Green 154.50 230.23 0.575 0.0202 

Od03g01970 Blue Green 48.19 71.79 0.575 0.0321 

Od13g01560 Blue Green 104.04 154.94 0.575 0.0278 

Od01g02310 Blue Green 54.41 80.90 0.572 0.0327 

Od07g01750 Blue Green 637.46 947.71 0.572 0.0268 

Od06g06540 Blue Green 26.07 38.74 0.572 0.0431 

Od01g00110 Blue Green 740.99 1101.18 0.572 0.0312 

Od14g01870 Blue Green 222.02 329.74 0.571 0.0271 

Od02g04030 Blue Green 120.18 178.36 0.570 0.0384 

Od01g04910 Blue Green 525.88 780.07 0.569 0.0300 

Od12g01950 Blue Green 275.77 409.06 0.569 0.0343 

Od05g04450 Blue Green 531.01 787.47 0.568 0.0297 

Od06g02890 Blue Green 153.71 227.86 0.568 0.0224 

Od10g01060 Blue Green 105.21 155.93 0.568 0.0262 

Od02g00650 Blue Green 129.63 191.89 0.566 0.0252 

Od14g02940 Blue Green 32.45 48.03 0.566 0.0357 

Od07g01970 Blue Green 242.39 358.73 0.566 0.0255 

Od05g01070 Blue Green 1232.73 1824.28 0.565 0.0369 

Od06g04500 Blue Green 107.26 158.73 0.565 0.0300 

Od08g00820 Blue Green 51.72 76.52 0.565 0.0294 

Od01g02470 Blue Green 172.76 255.46 0.564 0.0329 

Od05g05070 Blue Green 176.94 261.64 0.564 0.0331 

Od06g01160 Blue Green 762.03 1126.08 0.563 0.0329 

Od16g01600 Blue Green 104.82 154.82 0.563 0.0294 

Od16g02270 Blue Green 60.74 89.65 0.562 0.0321 

Od04g01780 Blue Green 116.56 172.04 0.562 0.0392 

Od01g04450 Blue Green 24.48 36.13 0.561 0.0387 

Od13g02700 Blue Green 335.31 494.76 0.561 0.0343 

Od01g00540 Blue Green 365.67 539.06 0.560 0.0302 

Od14g01630 Blue Green 93.18 137.25 0.559 0.0470 

Od06g01910 Blue Green 71.59 105.44 0.558 0.0324 

Od11g00900 Blue Green 34.61 50.96 0.558 0.0366 

Od10g01370 Blue Green 92.70 136.43 0.557 0.0363 

Od13g02060 Blue Green 69.95 102.94 0.557 0.0312 

Od14g00630 Blue Green 217.17 319.58 0.557 0.0312 

Od01g04940 Blue Green 59.41 87.39 0.557 0.0297 

Od13g02920 Blue Green 208.54 306.75 0.557 0.0315 

Od08g03360 Blue Green 38.43 56.50 0.556 0.0463 

Od07g01260 Blue Green 73.75 108.39 0.556 0.0355 

Od06g02290 Blue Green 55.00 80.80 0.555 0.0302 
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Od05g05150 Blue Green 2729.04 4007.66 0.554 0.0170 

Od06g01110 Blue Green 156.23 229.36 0.554 0.0337 

Od09g02790 Blue Green 636.72 934.56 0.554 0.0327 

Od08g00350 Blue Green 54.86 80.45 0.552 0.0258 

Od14g01920 Blue Green 52.37 76.78 0.552 0.0387 

Od01g00160 Blue Green 61.34 89.93 0.552 0.0439 

Od13g02490 Blue Green 40.00 58.64 0.552 0.0331 

Od01g04550 Blue Green 255.36 374.21 0.551 0.0390 

Od08g02100 Blue Green 142.08 208.20 0.551 0.0271 

Od06g04140 Blue Green 238.48 349.35 0.551 0.0329 

Od06g01000 Blue Green 582.13 852.72 0.551 0.0420 

Od03g02470 Blue Green 113.46 166.17 0.550 0.0268 

Od09g02940 Blue Green 70.59 103.37 0.550 0.0306 

Od13g01770 Blue Green 100.85 147.65 0.550 0.0327 

Od05g04560 Blue Green 138.33 202.52 0.550 0.0265 

Od03g03040 Blue Green 21.83 31.95 0.550 0.0426 

Od03g00550 Blue Green 91.80 134.37 0.550 0.0476 

Od04g03380 Blue Green 22.32 32.67 0.550 0.0355 

Od09g04720 Blue Green 108.18 158.30 0.549 0.0384 

Od16g00160 Blue Green 127.98 187.25 0.549 0.0372 

Od13g02880 Blue Green 63.48 92.84 0.549 0.0363 

Od08g02750 Blue Green 27.10 39.63 0.548 0.0355 

Od12g01860 Blue Green 268.36 392.13 0.547 0.0268 

Od12g02480 Blue Green 58.77 85.88 0.547 0.0423 

Od20g01230 Blue Green 2456.74 3589.42 0.547 0.0329 

Od04g02890 Blue Green 105.37 153.93 0.547 0.0417 

Od11g03300 Blue Green 236.86 345.98 0.547 0.0439 

Od04g04860 Blue Green 114.31 166.87 0.546 0.0349 

Od03g02850 Blue Green 303.32 442.73 0.546 0.0408 

Od16g01930 Blue Green 87.69 127.93 0.545 0.0495 

Od17g01080 Blue Green 44.35 64.69 0.545 0.0399 

Od01g06170 Blue Green 133.98 195.37 0.544 0.0360 

Od04g02960 Blue Green 121.58 177.06 0.542 0.0329 

Od06g00590 Blue Green 171.05 249.08 0.542 0.0392 

Od14g02330 Blue Green 324.22 472.03 0.542 0.0360 

Od13g00660 Blue Green 57.79 84.10 0.541 0.0465 

Od11g02320 Blue Green 52.71 76.67 0.541 0.0378 

Od12g02900 Blue Green 263.31 382.90 0.540 0.0378 

Od02g02800 Blue Green 185.95 270.37 0.540 0.0449 

Od16g00420 Blue Green 259.52 377.33 0.540 0.0492 

Od05g02220 Blue Green 78.28 113.61 0.537 0.0392 

Od02g03950 Blue Green 25.72 37.32 0.537 0.0390 

Od06g06090 Blue Green 455.59 660.90 0.537 0.0381 
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Od18g00310 Blue Green 52.95 76.79 0.536 0.0497 

Od16g01620 Blue Green 56.80 82.33 0.536 0.0465 

Od01g03400 Blue Green 293.71 425.74 0.536 0.0500 

Od01g05190 Blue Green 66.73 96.71 0.535 0.0408 

Od20g02720 Blue Green 278.75 403.76 0.535 0.0490 

Od09g02710 Blue Green 184.79 267.57 0.534 0.0390 

Od09g02920 Blue Green 279.06 403.87 0.533 0.0473 

Od08g00770 Blue Green 182.67 263.94 0.531 0.0390 

Od04g00520 Blue Green 151.87 219.34 0.530 0.0431 

Od16g00430 Blue Green 62.79 90.63 0.529 0.0378 

Od05g00240 Blue Green 96.08 138.64 0.529 0.0387 

Od02g04760 Blue Green 63.42 91.48 0.529 0.0337 

Od07g02540 Blue Green 55.11 79.44 0.528 0.0495 

Od04g03370 Blue Green 55.29 79.65 0.527 0.0434 

Od04g02450 Blue Green 2457.39 3539.75 0.527 0.0408 

Od06g06890 Blue Green 69.98 100.76 0.526 0.0449 

Od04g04650 Blue Green 11.37 16.36 0.526 0.0492 

Od10g01550 Blue Green 247.35 356.05 0.526 0.0417 

Od06g04590 Blue Green 82.67 118.98 0.525 0.0473 

Od07g01270 Blue Green 122.87 176.84 0.525 0.0492 

Od01g00550 Blue Green 74.69 107.38 0.524 0.0484 

Od08g02170 Blue Green 116.37 167.28 0.524 0.0387 

Od09g01000 Blue Green 73.49 105.60 0.523 0.0490 

Od08g03480 Blue Green 193.75 278.37 0.523 0.0484 

Od01g06000 Blue Green 557.02 800.10 0.522 0.0492 

Od16g00010 Blue Green 205.39 294.98 0.522 0.0458 

Od05g04570 Blue Green 124.99 179.49 0.522 0.0465 

Od06g00310 Blue Green 39.66 56.93 0.521 0.0465 

Od16g01660 Blue Green 145.47 208.50 0.519 0.0443 

Od02g01230 Blue Green 81.50 116.81 0.519 0.0417 

Od04g03220 Blue Green 253.96 363.80 0.519 0.0452 

Od16g01820 Blue Green 55.30 79.21 0.518 0.0443 

Od04g05330 Blue Green 62.46 89.44 0.518 0.0470 

Od08g01810 Blue Green 132.20 189.12 0.517 0.0443 

Od09g01390 Blue Green 88.03 125.91 0.516 0.0458 

Od14g02750 Blue Green 23.48 33.58 0.516 0.0497 

Od06g05060 Blue Green 35.70 51.02 0.515 0.0463 

Od01g01470 Blue Green 58.48 83.57 0.515 0.0484 

Od16g00460 Blue Green 111.99 160.02 0.515 0.0495 

Od02g04440 Blue Green 25.23 36.03 0.514 0.0458 

Od01g00380 Blue Green 44.34 31.05 -0.514 0.0487 

Od16g00710 Blue Green 91.28 63.64 -0.520 0.0443 

Od08g00070 Blue Green 80.31 55.94 -0.522 0.0487 
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Od03g00050 Blue Green 38.95 27.10 -0.524 0.0465 

Od07g04240 Blue Green 33.79 23.49 -0.525 0.0439 

Od20g03400 Blue Green 91.23 63.10 -0.532 0.0443 

Od05g00350 Blue Green 186.29 128.73 -0.533 0.0372 

Od01g01640 Blue Green 282.82 195.15 -0.535 0.0402 

Od08g00890 Blue Green 66.84 46.12 -0.535 0.0439 

Od20g01210 Blue Green 95.28 65.72 -0.536 0.0363 

Od09g00250 Blue Green 26.78 18.45 -0.537 0.0408 

Od02g04890 Blue Green 87.30 60.10 -0.539 0.0436 

Od03g00650 Blue Green 62.34 42.88 -0.540 0.0357 

Od06g04930 Blue Green 238.56 164.06 -0.540 0.0405 

Od12g01990 Blue Green 428.37 294.49 -0.541 0.0392 

Od10g01260 Blue Green 38.66 26.56 -0.541 0.0315 

Od07g03950 Blue Green 28.04 19.26 -0.542 0.0341 

Od17g00370 Blue Green 90.82 62.33 -0.543 0.0408 

Od04g02080 Blue Green 105.06 72.10 -0.543 0.0436 

Od14g02580 Blue Green 143.91 98.71 -0.544 0.0375 

Od05g03900 Blue Green 30.93 21.22 -0.544 0.0420 

Od01g04880 Blue Green 115.13 78.94 -0.544 0.0426 

Od05g00610 Blue Green 116.59 79.91 -0.545 0.0372 

Od13g02110 Blue Green 617.62 423.18 -0.545 0.0324 

Od01g00730 Blue Green 276.26 189.09 -0.547 0.0352 

Od04g04610 Blue Green 128.46 87.91 -0.547 0.0366 

Od02g02550 Blue Green 59.24 40.51 -0.548 0.0312 

Od06g01820 Blue Green 117.70 80.48 -0.548 0.0360 

Od08g01740 Blue Green 77.49 52.96 -0.549 0.0390 

Od01g04340 Blue Green 111.90 76.46 -0.549 0.0302 

Od17g00490 Blue Green 42.39 28.95 -0.550 0.0381 

Od01g05650 Blue Green 29.72 20.29 -0.551 0.0297 

Od04g02440 Blue Green 22.40 15.27 -0.552 0.0366 

Od12g03610 Blue Green 43.24 29.48 -0.553 0.0387 

Od09g04770 Blue Green 316.04 215.23 -0.554 0.0287 

Od14g02670 Blue Green 68.32 46.49 -0.555 0.0309 

Od01g02960 Blue Green 46.50 31.65 -0.555 0.0329 

Od04g05070 Blue Green 38.01 25.84 -0.557 0.0372 

Od07g03080 Blue Green 443.20 300.79 -0.559 0.0319 

Od19g01160 Blue Green 93.49 63.45 -0.559 0.0255 

Od14g00050 Blue Green 195.49 132.65 -0.560 0.0324 

Od04g02770 Blue Green 55.45 37.62 -0.560 0.0449 

Od12g02600 Blue Green 16.29 11.04 -0.560 0.0278 

Od08g03580 Blue Green 237.79 160.92 -0.563 0.0297 

Od02g00040 Blue Green 112.48 76.11 -0.564 0.0258 

Od10g02440 Blue Green 103.21 69.78 -0.565 0.0284 
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Od01g03120 Blue Green 54.42 36.78 -0.565 0.0468 

Od04g04940 Blue Green 20.29 13.70 -0.566 0.0337 

Od11g00410 Blue Green 115.91 78.27 -0.566 0.0411 

Od20g00540 Blue Green 61.16 41.30 -0.567 0.0248 

Od16g00730 Blue Green 138.93 93.79 -0.567 0.0271 

Od01g06580 Blue Green 1439.11 971.54 -0.567 0.0321 

Od14g00470 Blue Green 135.48 91.41 -0.568 0.0324 

Od10g01220 Blue Green 70.05 47.22 -0.569 0.0335 

Od14g01340 Blue Green 140.76 94.86 -0.569 0.0329 

Od08g02240 Blue Green 79.18 53.36 -0.569 0.0224 

Od07g02180 Blue Green 128.58 86.59 -0.570 0.0455 

Od10g02380 Blue Green 277.01 186.54 -0.570 0.0231 

Od07g04460 Blue Green 70.47 47.38 -0.573 0.0265 

Od01g00840 Blue Green 29.64 19.93 -0.573 0.0302 

Od04g01850 Blue Green 30.59 20.56 -0.573 0.0349 

Od09g02400 Blue Green 36.69 24.59 -0.577 0.0395 

Od06g04960 Blue Green 39.03 26.09 -0.581 0.0275 

Od05g02950 Blue Green 107.45 71.80 -0.581 0.0300 

Od14g01210 Blue Green 346.30 231.26 -0.583 0.0237 

Od08g02210 Blue Green 87.21 58.17 -0.584 0.0199 

Od14g00810 Blue Green 19.94 13.28 -0.586 0.0426 

Od12g03190 Blue Green 186.91 124.52 -0.586 0.0281 

Od06g02210 Blue Green 30.11 20.02 -0.589 0.0461 

Od06g06050 Blue Green 24.96 16.59 -0.589 0.0202 

Od06g07330 Blue Green 26.87 17.86 -0.589 0.0290 

Od06g05280 Blue Green 104.52 69.45 -0.590 0.0195 

Od04g04980 Blue Green 62.17 41.27 -0.591 0.0170 

Od11g00160 Blue Green 411.93 273.22 -0.592 0.0174 

Od13g00080 Blue Green 33.03 21.90 -0.593 0.0202 

Od04g05310 Blue Green 192.52 127.67 -0.593 0.0199 

Od20g01710 Blue Green 162.46 107.74 -0.593 0.0177 

Od08g02960 Blue Green 58.32 38.68 -0.593 0.0284 

Od01g05680 Blue Green 79.08 52.42 -0.593 0.0210 

Od20g01930 Blue Green 7.02 4.65 -0.594 0.0284 

Od05g03190 Blue Green 41.61 27.57 -0.594 0.0465 

Od07g01500 Blue Green 37.54 24.86 -0.594 0.0290 

Od03g02690 Blue Green 24.11 15.96 -0.595 0.0234 

Od07g01740 Blue Green 156.97 103.86 -0.596 0.0217 

Od20g00290 Blue Green 83.42 55.15 -0.597 0.0202 

Od03g01220 Blue Green 119.42 78.90 -0.598 0.0206 

Od13g02330 Blue Green 33.62 22.20 -0.599 0.0220 

Od02g00430 Blue Green 22.59 14.92 -0.599 0.0381 

Od09g06110 Blue Green 52.86 34.90 -0.599 0.0294 
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Od12g01750 Blue Green 96.64 63.79 -0.599 0.0180 

Od15g00100 Blue Green 92.69 61.18 -0.599 0.0130 

Od13g02140 Blue Green 133.90 88.33 -0.600 0.0170 

Od13g01580 Blue Green 521.01 343.20 -0.602 0.0138 

Od04g00430 Blue Green 22.41 14.75 -0.604 0.0224 

Od06g00390 Blue Green 44.81 29.47 -0.604 0.0134 

Od12g00800 Blue Green 31.22 20.53 -0.605 0.0231 

Od13g00300 Blue Green 63.24 41.58 -0.605 0.0355 

Od03g00540 Blue Green 11.13 7.31 -0.606 0.0426 

Od09g04070 Blue Green 48.74 32.01 -0.607 0.0146 

Od16g01790 Blue Green 382.35 251.02 -0.607 0.0337 

Od04g00060 Blue Green 92.68 60.85 -0.607 0.0177 

Od13g01800 Blue Green 59.75 39.21 -0.608 0.0265 

Od14g02410 Blue Green 115.52 75.79 -0.608 0.0154 

Od01g03870 Blue Green 45.61 29.91 -0.609 0.0275 

Od09g04670 Blue Green 26.61 17.42 -0.611 0.0202 

Od13g00590 Blue Green 29.09 19.05 -0.611 0.0195 

Od14g00390 Blue Green 35.96 23.52 -0.612 0.0166 

Od01g04230 Blue Green 17.34 11.33 -0.614 0.0237 

Od15g01180 Blue Green 37.39 24.42 -0.615 0.0463 

Od14g01660 Blue Green 86.60 56.53 -0.615 0.0184 

Od07g01860 Blue Green 96.95 63.24 -0.616 0.0327 

Od08g01820 Blue Green 93.03 60.67 -0.617 0.0195 

Od07g01630 Blue Green 58.70 38.24 -0.618 0.0177 

Od13g01310 Blue Green 79.54 51.78 -0.619 0.0174 

Od06g06480 Blue Green 51.47 33.48 -0.620 0.0177 

Od06g03700 Blue Green 42.68 27.76 -0.620 0.0297 

Od10g02090 Blue Green 950.99 618.26 -0.621 0.0158 

Od05g02560 Blue Green 36.39 23.64 -0.622 0.0352 

Od05g04620 Blue Green 32.41 21.05 -0.622 0.0492 

Od19g00150 Blue Green 49.56 32.17 -0.624 0.0306 

Od17g01100 Blue Green 119.35 77.44 -0.624 0.0162 

Od02g01580 Blue Green 88.27 57.25 -0.625 0.0146 

Od19g00730 Blue Green 111.84 72.49 -0.626 0.0206 

Od20g00930 Blue Green 244.51 158.42 -0.626 0.0100 

Od01g01260 Blue Green 39.34 25.46 -0.628 0.0130 

Od11g02070 Blue Green 213.93 138.30 -0.629 0.0100 

Od16g01910 Blue Green 34.24 22.10 -0.631 0.0384 

Od01g01700 Blue Green 67.22 43.38 -0.632 0.0184 

Od11g01470 Blue Green 36.03 23.15 -0.638 0.0192 

Od09g01560 Blue Green 30.04 19.27 -0.640 0.0255 

Od02g00160 Blue Green 76.17 48.87 -0.640 0.0138 

Od06g05140 Blue Green 47.74 30.59 -0.642 0.0231 
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Od13g01210 Blue Green 30.79 19.73 -0.643 0.0126 

Od03g02740 Blue Green 69.74 44.66 -0.643 0.0174 

Od14g03150 Blue Green 258.59 165.60 -0.643 0.0062 

Od14g01310 Blue Green 95.89 61.35 -0.644 0.0100 

Od06g02910 Blue Green 112.75 72.12 -0.645 0.0095 

Od16g01730 Blue Green 112.43 71.88 -0.645 0.0081 

Od14g02010 Blue Green 32.59 20.83 -0.646 0.0324 

Od04g05040 Blue Green 42.25 27.01 -0.646 0.0390 

Od02g00880 Blue Green 53.91 34.46 -0.646 0.0287 

Od08g00090 Blue Green 18.12 11.58 -0.646 0.0287 

Od09g05910 Blue Green 59.12 37.78 -0.646 0.0202 

Od09g05320 Blue Green 20.33 12.97 -0.648 0.0349 

Od01g04300 Blue Green 34.87 22.25 -0.648 0.0090 

Od11g00080 Blue Green 24.89 15.88 -0.649 0.0262 

Od02g02740 Blue Green 61.23 39.04 -0.649 0.0142 

Od09g00260 Blue Green 166.75 106.25 -0.650 0.0146 

Od07g02670 Blue Green 48.78 31.08 -0.650 0.0076 

Od05g01260 Blue Green 261.38 166.27 -0.653 0.0081 

Od06g00520 Blue Green 30.48 19.39 -0.653 0.0431 

Od08g02400 Blue Green 62.18 39.55 -0.653 0.0122 

Od04g00970 Blue Green 24.62 15.65 -0.654 0.0476 

Od11g03070 Blue Green 39.10 24.84 -0.655 0.0076 

Od02g03880 Blue Green 19.43 12.34 -0.655 0.0100 

Od12g00010 Blue Green 17.98 11.41 -0.656 0.0138 

Od09g00310 Blue Green 277.92 176.35 -0.656 0.0095 

Od12g03470 Blue Green 40.34 25.53 -0.660 0.0278 

Od01g00800 Blue Green 44.03 27.82 -0.662 0.0281 

Od11g03270 Blue Green 67.03 42.36 -0.662 0.0158 

Od06g06390 Blue Green 17.86 11.28 -0.663 0.0417 

Od04g05090 Blue Green 58.93 37.22 -0.663 0.0255 

Od09g02740 Blue Green 29.61 18.69 -0.664 0.0067 

Od05g01180 Blue Green 24.46 15.42 -0.665 0.0327 

Od01g06790 Blue Green 86.16 54.34 -0.665 0.0287 

Od02g01150 Blue Green 705.64 444.37 -0.667 0.0500 

Od03g02120 Blue Green 10.16 6.40 -0.667 0.0170 

Od06g03060 Blue Green 56.96 35.87 -0.667 0.0213 

Od15g00490 Blue Green 24.05 15.14 -0.667 0.0195 

Od13g02570 Blue Green 65.08 40.97 -0.667 0.0052 

Od04g02750 Blue Green 45.15 28.42 -0.668 0.0081 

Od04g00250 Blue Green 24.12 15.18 -0.668 0.0180 

Od19g00570 Blue Green 237.77 149.58 -0.669 0.0076 

Od01g07020 Blue Green 169.55 106.61 -0.669 0.0046 

Od16g00890 Blue Green 59.38 37.32 -0.670 0.0057 



 

  

 

215 

Od06g00830 Blue Green 58.29 36.60 -0.671 0.0086 

Od11g00620 Blue Green 75.45 47.35 -0.672 0.0052 

Od06g07420 Blue Green 128.35 80.40 -0.675 0.0062 

Od01g05110 Blue Green 84.06 52.63 -0.676 0.0192 

Od09g01220 Blue Green 10.00 6.23 -0.682 0.0315 

Od12g03130 Blue Green 8.37 5.21 -0.683 0.0248 

Od09g06210 Blue Green 28.53 17.76 -0.684 0.0108 

Od16g02520 Blue Green 25.90 16.12 -0.684 0.0352 

Od20g02900 Blue Green 169.29 105.28 -0.685 0.0057 

Od06g04370 Blue Green 62.36 38.77 -0.686 0.0029 

Od02g03700 Blue Green 60.85 37.81 -0.687 0.0046 

Od09g03070 Blue Green 42.47 26.36 -0.688 0.0100 

Od17g03060 Blue Green 29.02 18.00 -0.689 0.0271 

Od01g04140 Blue Green 85.60 52.96 -0.693 0.0071 

Od03g02830 Blue Green 1629.82 1007.75 -0.694 0.0041 

Od12g00850 Blue Green 44.87 27.74 -0.694 0.0439 

Od20g01260 Blue Green 140.68 86.88 -0.695 0.0046 

Od15g00810 Blue Green 44.74 27.62 -0.695 0.0023 

Od13g01110 Blue Green 18.60 11.47 -0.698 0.0117 

Od14g02720 Blue Green 27.22 16.77 -0.699 0.0071 

Od09g03960 Blue Green 30.31 18.66 -0.699 0.0360 

Od01g06620 Blue Green 8.89 5.47 -0.700 0.0158 

Od10g00340 Blue Green 109.81 67.50 -0.702 0.0035 

Od01g01190 Blue Green 56.83 34.89 -0.704 0.0057 

Od12g00060 Blue Green 26.12 16.03 -0.705 0.0331 

Od02g01330 Blue Green 387.77 237.80 -0.705 0.0041 

Od02g02310 Blue Green 113.61 69.65 -0.706 0.0052 

Od06g05360 Blue Green 37.65 23.08 -0.706 0.0067 

Od06g03190 Blue Green 34.10 20.89 -0.707 0.0067 

Od06g06580 Blue Green 36.08 22.10 -0.707 0.0041 

Od20g02420 Blue Green 35.13 21.52 -0.707 0.0302 

Od12g02800 Blue Green 80.62 49.37 -0.708 0.0029 

Od02g01320 Blue Green 203.47 124.56 -0.708 0.0035 

Od05g04810 Blue Green 38.11 23.29 -0.710 0.0104 

Od14g00700 Blue Green 102.54 62.59 -0.712 0.0035 

Od14g01350 Blue Green 29.84 18.21 -0.713 0.0134 

Od08g03250 Blue Green 52.39 31.96 -0.713 0.0041 

Od05g03180 Blue Green 36.88 22.49 -0.713 0.0331 

Od06g03710 Blue Green 98.44 59.91 -0.717 0.0067 

Od14g02450 Blue Green 36.17 21.99 -0.718 0.0046 

Od09g03510 Blue Green 609.60 370.64 -0.718 0.0067 

Od07g01660 Blue Green 47.90 29.12 -0.718 0.0023 

Od01g05270 Blue Green 28.98 17.57 -0.722 0.0294 
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Od06g04690 Blue Green 106.20 64.32 -0.723 0.0029 

Od07g00310 Blue Green 53.86 32.60 -0.724 0.0202 

Od10g01480 Blue Green 17.46 10.56 -0.725 0.0023 

Od17g00920 Blue Green 62.32 37.64 -0.727 0.0076 

Od09g01350 Blue Green 38.52 23.25 -0.728 0.0195 

Od02g04230 Blue Green 333.97 201.14 -0.731 0.0076 

Od20g01020 Blue Green 47.46 28.58 -0.732 0.0029 

Od12g03840 Blue Green 188.81 113.65 -0.732 0.0052 

Od10g02290 Blue Green 10.24 6.16 -0.733 0.0023 

Od02g03200 Blue Green 65.39 39.29 -0.735 0.0041 

Od11g04050 Blue Green 59.09 35.49 -0.735 0.0366 

Od17g01360 Blue Green 30.33 18.21 -0.736 0.0188 

Od11g00490 Blue Green 30.00 18.01 -0.736 0.0046 

Od03g01590 Blue Green 78.88 47.33 -0.737 0.0041 

Od07g04070 Blue Green 31.70 19.01 -0.738 0.0046 

Od06g02230 Blue Green 144.64 86.68 -0.739 0.0029 

Od07g00510 Blue Green 32.35 19.38 -0.739 0.0023 

Od09g05240 Blue Green 92.68 55.49 -0.740 0.0023 

Od12g01640 Blue Green 598.71 358.43 -0.740 0.0016 

Od10g01700 Blue Green 11.07 6.63 -0.740 0.0052 

Od12g01220 Blue Green 48.16 28.82 -0.741 0.0046 

Od07g02950 Blue Green 21.16 12.64 -0.743 0.0265 

Od11g01550 Blue Green 49.59 29.60 -0.744 0.0029 

Od01g06230 Blue Green 38.01 22.66 -0.747 0.0095 

Od20g03360 Blue Green 20.86 12.39 -0.751 0.0180 

Od20g01910 Blue Green 42.44 25.20 -0.752 0.0100 

Od04g02090 Blue Green 86.89 51.54 -0.754 0.0035 

Od03g00890 Blue Green 114.86 67.91 -0.758 0.0202 

Od07g02460 Blue Green 131.91 77.93 -0.759 0.0023 

Od19g00380 Blue Green 37.02 21.84 -0.761 0.0154 

Od17g00420 Blue Green 49.72 29.32 -0.762 0.0009 

Od19g00920 Blue Green 19.82 11.68 -0.763 0.0029 

Od05g01850 Blue Green 75.32 44.33 -0.765 0.0035 

Od06g05680 Blue Green 38.18 22.46 -0.765 0.0104 

Od16g01550 Blue Green 369.74 217.47 -0.766 0.0016 

Od03g01070 Blue Green 31.92 18.76 -0.767 0.0035 

Od02g02010 Blue Green 85.61 50.30 -0.767 0.0016 

Od06g01640 Blue Green 55.02 32.26 -0.770 0.0023 

Od03g02240 Blue Green 153.74 89.92 -0.774 0.0009 

Od10g00830 Blue Green 329.78 192.86 -0.774 0.0009 

Od14g02680 Blue Green 106.81 62.44 -0.774 0.0016 

Od06g00190 Blue Green 148.89 87.00 -0.775 0.0009 

Od12g02690 Blue Green 31.95 18.64 -0.777 0.0146 
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Od14g01990 Blue Green 57.13 33.31 -0.779 0.0029 

Od06g03940 Blue Green 34.33 19.99 -0.780 0.0199 

Od20g01820 Blue Green 55.73 32.44 -0.781 0.0071 

Od11g01050 Blue Green 101.50 59.06 -0.781 0.0009 

Od16g01970 Blue Green 24.33 14.14 -0.783 0.0009 

Od05g03090 Blue Green 12.23 7.10 -0.783 0.0029 

Od09g06310 Blue Green 31.96 18.57 -0.783 0.0057 

Od11g03980 Blue Green 19.07 11.07 -0.785 0.0275 

Od20g01580 Blue Green 264.37 153.44 -0.785 0.0009 

Od03g03210 Blue Green 268.20 155.61 -0.785 0.0009 

Od16g00380 Blue Green 68.95 39.95 -0.788 0.0046 

Od06g06640 Blue Green 166.44 96.10 -0.792 0.0016 

Od17g00750 Blue Green 10.00 5.76 -0.795 0.0315 

Od05g00600 Blue Green 49.68 28.61 -0.796 0.0009 

Od02g04740 Blue Green 159.51 91.86 -0.796 0.0016 

Od02g03890 Blue Green 51.60 29.71 -0.797 0.0009 

Od05g04790 Blue Green 11.20 6.45 -0.797 0.0009 

Od12g01680 Blue Green 33.20 19.10 -0.798 0.0009 

Od05g00700 Blue Green 49.77 28.61 -0.799 0.0023 

Od11g02720 Blue Green 147.99 84.98 -0.800 0.0023 

Od06g07000 Blue Green 27.84 15.98 -0.801 0.0126 

Od13g02190 Blue Green 25.90 14.85 -0.802 0.0041 

Od06g06240 Blue Green 87.36 50.09 -0.802 0.0126 

Od04g03140 Blue Green 118.52 67.96 -0.802 0.0009 

Od09g06080 Blue Green 61.14 35.05 -0.802 0.0009 

Od16g02570 Blue Green 107.93 61.84 -0.803 0.0029 

Od01g04010 Blue Green 33.89 19.38 -0.806 0.0009 

Od11g02930 Blue Green 45.32 25.91 -0.807 0.0062 

Od20g00280 Blue Green 109.69 62.68 -0.807 0.0009 

Od05g04770 Blue Green 65.92 37.66 -0.808 0.0117 

Od03g02590 Blue Green 75.97 43.30 -0.811 0.0113 

Od12g03830 Blue Green 9.65 5.50 -0.812 0.0016 

Od06g01710 Blue Green 82.18 46.77 -0.813 0.0029 

Od10g00890 Blue Green 87.08 49.56 -0.813 0.0052 

Od08g03120 Blue Green 26.19 14.90 -0.814 0.0150 

Od09g02900 Blue Green 12.39 7.04 -0.815 0.0052 

Od02g02480 Blue Green 29.09 16.53 -0.815 0.0023 

Od01g05760 Blue Green 15.88 9.02 -0.816 0.0009 

Od14g03010 Blue Green 53.04 30.11 -0.817 0.0009 

Od08g00910 Blue Green 111.33 63.20 -0.817 0.0009 

Od06g00250 Blue Green 108.63 61.65 -0.817 0.0009 

Od05g03270 Blue Green 18.06 10.24 -0.819 0.0104 

Od10g00110 Blue Green 52.71 29.87 -0.819 0.0009 
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Od01g01310 Blue Green 91.36 51.66 -0.823 0.0009 

Od01g01160 Blue Green 15.15 8.56 -0.823 0.0395 

Od01g06040 Blue Green 40.45 22.81 -0.826 0.0009 

Od07g02940 Blue Green 73.86 41.61 -0.828 0.0009 

Od01g00970 Blue Green 41.56 23.38 -0.830 0.0052 

Od04g01730 Blue Green 57.27 32.20 -0.831 0.0369 

Od14g00870 Blue Green 2.41 1.36 -0.831 0.0231 

Od05g04960 Blue Green 138.22 77.67 -0.831 0.0016 

Od01g04280 Blue Green 38.02 21.35 -0.833 0.0009 

Od10g00130 Blue Green 131.46 73.74 -0.834 0.0035 

Od10g02460 Blue Green 12.50 7.00 -0.835 0.0009 

Od08g03230 Blue Green 40.00 22.40 -0.836 0.0081 

Od06g04290 Blue Green 214.31 120.03 -0.836 0.0009 

Od04g04790 Blue Green 29.99 16.77 -0.838 0.0016 

Od14g01750 Blue Green 25.08 14.01 -0.840 0.0057 

Od06g03070 Blue Green 71.29 39.71 -0.844 0.0046 

Od19g00930 Blue Green 91.00 50.66 -0.845 0.0057 

Od08g01280 Blue Green 284.20 157.93 -0.848 0.0009 

Od07g03870 Blue Green 11.07 6.15 -0.848 0.0227 

Od02g00970 Blue Green 49.09 27.26 -0.849 0.0035 

Od02g03110 Blue Green 77.43 42.98 -0.849 0.0009 

Od14g02920 Blue Green 48.94 27.17 -0.849 0.0016 

Od12g02460 Blue Green 44.25 24.55 -0.850 0.0108 

Od14g02460 Blue Green 85.27 47.27 -0.851 0.0009 

Od11g01460 Blue Green 17.71 9.80 -0.853 0.0158 

Od17g01280 Blue Green 23.97 13.26 -0.854 0.0035 

Od14g00170 Blue Green 130.53 72.20 -0.854 0.0009 

Od11g01950 Blue Green 260.78 144.15 -0.855 0.0009 

Od19g00090 Blue Green 207.89 114.89 -0.856 0.0009 

Od19g01060 Blue Green 782.92 432.54 -0.856 0.0009 

Od06g07410 Blue Green 93.26 51.50 -0.857 0.0009 

Od15g00160 Blue Green 21.63 11.94 -0.858 0.0029 

Od17g00980 Blue Green 16.45 9.08 -0.858 0.0255 

Od14g01240 Blue Green 42.61 23.48 -0.860 0.0009 

Od08g02120 Blue Green 12.49 6.87 -0.862 0.0335 

Od13g01540 Blue Green 47.66 26.21 -0.863 0.0315 

Od13g02610 Blue Green 43.54 23.89 -0.866 0.0009 

Od12g00690 Blue Green 326.95 179.34 -0.866 0.0009 

Od05g00470 Blue Green 32.95 18.07 -0.866 0.0016 

Od01g05260 Blue Green 186.20 102.11 -0.867 0.0009 

Od04g03500 Blue Green 31.54 17.26 -0.870 0.0009 

Od07g03500 Blue Green 120.55 65.93 -0.871 0.0009 

Od04g00500 Blue Green 42.63 23.30 -0.872 0.0029 
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Od12g03250 Blue Green 27.25 14.88 -0.873 0.0009 

Od02g03690 Blue Green 13.43 7.33 -0.874 0.0100 

Od10g00780 Blue Green 15.78 8.61 -0.875 0.0184 

Od01g04120 Blue Green 59.84 32.63 -0.875 0.0009 

Od17g03020 Blue Green 72.11 39.27 -0.877 0.0009 

Od10g00450 Blue Green 281.85 153.45 -0.877 0.0029 

Od06g02880 Blue Green 106.88 58.13 -0.879 0.0009 

Od10g00880 Blue Green 106.05 57.67 -0.879 0.0023 

Od09g02310 Blue Green 32.18 17.49 -0.880 0.0271 

Od09g03580 Blue Green 16.55 8.99 -0.881 0.0057 

Od13g02590 Blue Green 70.06 38.00 -0.883 0.0086 

Od10g00720 Blue Green 89.75 48.62 -0.885 0.0009 

Od04g04960 Blue Green 12.33 6.67 -0.885 0.0009 

Od03g02610 Blue Green 241.06 130.49 -0.885 0.0009 

Od12g02090 Blue Green 65.02 35.19 -0.886 0.0009 

Od20g02320 Blue Green 23.42 12.68 -0.886 0.0067 

Od05g01880 Blue Green 27.79 15.04 -0.886 0.0023 

Od01g02820 Blue Green 32.42 17.53 -0.887 0.0009 

Od01g00810 Blue Green 43.10 23.28 -0.889 0.0009 

Od08g03280 Blue Green 33.76 18.23 -0.889 0.0023 

Od11g02190 Blue Green 110.98 59.83 -0.891 0.0009 

Od04g00930 Blue Green 29.57 15.94 -0.891 0.0016 

Od16g00170 Blue Green 115.15 62.03 -0.892 0.0009 

Od09g06130 Blue Green 843.75 454.51 -0.892 0.0009 

Od12g02330 Blue Green 19.25 10.37 -0.893 0.0442 

Od01g04930 Blue Green 11.69 6.29 -0.894 0.0227 

Od01g01950 Blue Green 75.08 40.33 -0.896 0.0009 

Od03g01380 Blue Green 22.19 11.92 -0.897 0.0009 

Od03g02870 Blue Green 15.90 8.54 -0.897 0.0113 

Od06g02430 Blue Green 116.76 62.66 -0.898 0.0009 

Od09g01260 Blue Green 107.80 57.74 -0.901 0.0009 

Od11g01590 Blue Green 6.49 3.47 -0.901 0.0363 

Od01g02230 Blue Green 11.07 5.93 -0.901 0.0177 

Od05g00150 Blue Green 89.79 48.04 -0.902 0.0009 

Od06g01230 Blue Green 13.39 7.16 -0.903 0.0162 

Od12g03660 Blue Green 22.34 11.94 -0.904 0.0392 

Od06g03090 Blue Green 74.12 39.57 -0.906 0.0009 

Od05g02890 Blue Green 137.13 73.19 -0.906 0.0009 

Od04g04750 Blue Green 69.43 36.98 -0.909 0.0009 

Od20g02460 Blue Green 65.20 34.67 -0.911 0.0016 

Od09g05630 Blue Green 37.47 19.91 -0.912 0.0009 

Od01g05600 Blue Green 55.93 29.72 -0.912 0.0009 

Od12g00130 Blue Green 119.20 63.31 -0.913 0.0009 
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Od09g04910 Blue Green 139.84 74.21 -0.914 0.0009 

Od11g01910 Blue Green 24.10 12.78 -0.915 0.0009 

Od04g01720 Blue Green 20.25 10.73 -0.916 0.0046 

Od12g03340 Blue Green 25.79 13.66 -0.917 0.0041 

Od11g02130 Blue Green 8.33 4.41 -0.917 0.0476 

Od05g01480 Blue Green 18.56 9.83 -0.918 0.0009 

Od09g05870 Blue Green 125.57 66.40 -0.919 0.0009 

Od11g02370 Blue Green 31.06 16.42 -0.920 0.0009 

Od13g00120 Blue Green 27.73 14.65 -0.920 0.0009 

Od20g00380 Blue Green 78.22 41.28 -0.922 0.0016 

Od07g02720 Blue Green 45.88 24.21 -0.922 0.0009 

Od12g00150 Blue Green 121.01 63.84 -0.923 0.0009 

Od08g00490 Blue Green 20.54 10.83 -0.923 0.0009 

Od07g04510 Blue Green 110.52 58.12 -0.927 0.0009 

Od12g00030 Blue Green 58.32 30.63 -0.929 0.0009 

Od09g00890 Blue Green 18.74 9.80 -0.935 0.0355 

Od06g05210 Blue Green 21.15 11.04 -0.938 0.0090 

Od06g02660 Blue Green 25.61 13.37 -0.938 0.0009 

Od10g02550 Blue Green 9.29 4.85 -0.939 0.0009 

Od12g02860 Blue Green 159.18 82.93 -0.941 0.0009 

Od12g00040 Blue Green 37.71 19.62 -0.943 0.0009 

Od02g03580 Blue Green 81.15 42.14 -0.945 0.0009 

Od15g00210 Blue Green 92.28 47.89 -0.946 0.0009 

Od04g05220 Blue Green 141.83 73.51 -0.948 0.0009 

Od20g02080 Blue Green 90.53 46.79 -0.952 0.0009 

Od16g01770 Blue Green 24.10 12.44 -0.954 0.0117 

Od09g03330 Blue Green 78.87 40.65 -0.956 0.0009 

Od04g04730 Blue Green 18.53 9.54 -0.957 0.0016 

Od03g02600 Blue Green 23.84 12.26 -0.960 0.0262 

Od05g02520 Blue Green 19.56 10.03 -0.963 0.0009 

Od17g01120 Blue Green 45.77 23.45 -0.965 0.0009 

Od08g00450 Blue Green 27.33 13.98 -0.967 0.0009 

Od17g01290 Blue Green 9.82 5.02 -0.967 0.0035 

Od11g04450 Blue Green 85.21 43.58 -0.968 0.0041 

Od01g02860 Blue Green 279.13 142.43 -0.971 0.0009 

Od20g02870 Blue Green 79.82 40.72 -0.971 0.0009 

Od05g04730 Blue Green 127.31 64.70 -0.977 0.0009 

Od02g00150 Blue Green 19.64 9.97 -0.978 0.0009 

Od17g00030 Blue Green 50.78 25.74 -0.980 0.0009 

Od03g01460 Blue Green 66.28 33.60 -0.980 0.0095 

Od09g00610 Blue Green 21.00 10.64 -0.980 0.0009 

Od07g02340 Blue Green 46.04 23.28 -0.984 0.0009 

Od13g01020 Blue Green 1094.84 553.22 -0.985 0.0009 
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Od04g03830 Blue Green 19.29 9.73 -0.987 0.0052 

Od05g03450 Blue Green 24.87 12.54 -0.989 0.0343 

Od03g01440 Blue Green 16.79 8.46 -0.989 0.0009 

Od11g01100 Blue Green 5.45 2.74 -0.990 0.0009 

Od11g03080 Blue Green 201.23 101.10 -0.993 0.0009 

Od05g03260 Blue Green 13.28 6.65 -0.997 0.0268 

Od12g02990 Blue Green 43.77 21.91 -0.998 0.0016 

Od10g01130 Blue Green 30.36 15.19 -0.999 0.0009 

Od05g03580 Blue Green 24.88 12.43 -1.001 0.0134 

Od20g00250 Blue Green 42.02 20.96 -1.003 0.0009 

Od12g03740 Blue Green 26.89 13.41 -1.004 0.0009 

Od04g02130 Blue Green 29.15 14.51 -1.007 0.0009 

Od09g00850 Blue Green 19.08 9.49 -1.007 0.0009 

Od13g02790 Blue Green 34.40 17.11 -1.008 0.0009 

Od20g02350 Blue Green 6.46 3.20 -1.011 0.0245 

Od07g00910 Blue Green 36.05 17.88 -1.012 0.0041 

Od04g01690 Blue Green 59.58 29.54 -1.012 0.0016 

Od09g02820 Blue Green 17.75 8.79 -1.013 0.0090 

Od06g00290 Blue Green 20.49 10.15 -1.013 0.0009 

Od06g07570 Blue Green 19.05 9.44 -1.013 0.0016 

Od10g02330 Blue Green 12.38 6.13 -1.014 0.0009 

Od05g00160 Blue Green 10.99 5.43 -1.016 0.0009 

Od06g00130 Blue Green 165.51 81.83 -1.016 0.0009 

Od12g02080 Blue Green 38.73 19.06 -1.023 0.0016 

Od01g00580 Blue Green 28.44 14.00 -1.023 0.0009 

Od07g00980 Blue Green 36.32 17.86 -1.024 0.0009 

Od05g04200 Blue Green 18.28 8.98 -1.025 0.0009 

Od04g00270 Blue Green 24.57 12.06 -1.027 0.0023 

Od17g00760 Blue Green 11.99 5.87 -1.031 0.0162 

Od08g01500 Blue Green 20.85 10.17 -1.035 0.0009 

Od08g02850 Blue Green 51.35 25.04 -1.036 0.0009 

Od04g00110 Blue Green 5.91 2.88 -1.037 0.0009 

Od07g04150 Blue Green 43.63 21.26 -1.037 0.0046 

Od19g00100 Blue Green 289.99 140.98 -1.040 0.0142 

Od10g00970 Blue Green 31.98 15.54 -1.041 0.0009 

Od05g04110 Blue Green 15.11 7.34 -1.042 0.0217 

Od16g01410 Blue Green 36.08 17.51 -1.043 0.0009 

Od01g03470 Blue Green 101.11 49.07 -1.043 0.0009 

Od11g03700 Blue Green 26.84 13.02 -1.043 0.0130 

Od13g01890 Blue Green 12.68 6.15 -1.043 0.0009 

Od04g04740 Blue Green 21.26 10.31 -1.045 0.0217 

Od19g00140 Blue Green 96.15 46.60 -1.045 0.0177 

Od14g00920 Blue Green 55.06 26.68 -1.045 0.0009 
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Od01g06400 Blue Green 32.36 15.66 -1.047 0.0009 

Od16g01850 Blue Green 54.11 26.19 -1.047 0.0009 

Od14g00130 Blue Green 162.67 78.61 -1.049 0.0009 

Od09g05670 Blue Green 8.00 3.86 -1.050 0.0461 

Od02g01450 Blue Green 81.01 39.07 -1.052 0.0009 

Od07g02850 Blue Green 50.16 24.13 -1.056 0.0009 

Od06g01410 Blue Green 15.20 7.31 -1.057 0.0095 

Od04g03550 Blue Green 101.73 48.84 -1.059 0.0009 

Od03g00470 Blue Green 7.33 3.50 -1.066 0.0134 

Od19g00810 Blue Green 10.02 4.75 -1.076 0.0217 

Od17g00780 Blue Green 60.97 28.83 -1.081 0.0009 

Od20g01600 Blue Green 17.73 8.37 -1.083 0.0009 

Od04g01430 Blue Green 20.44 9.65 -1.083 0.0009 

Od16g00290 Blue Green 151.62 71.54 -1.084 0.0275 

Od19g01100 Blue Green 137.62 64.92 -1.084 0.0009 

Od09g01440 Blue Green 128.42 60.51 -1.086 0.0009 

Od10g01280 Blue Green 5.56 2.62 -1.086 0.0405 

Od04g03180 Blue Green 64.88 30.52 -1.088 0.0009 

Od03g00260 Blue Green 62.71 29.47 -1.089 0.0009 

Od17g00240 Blue Green 49.98 23.46 -1.091 0.0009 

Od16g02280 Blue Green 16.89 7.92 -1.092 0.0108 

Od02g03870 Blue Green 122.04 57.11 -1.095 0.0009 

Od13g01980 Blue Green 12.31 5.76 -1.096 0.0177 

Od11g00340 Blue Green 21.25 9.93 -1.098 0.0016 

Od10g01230 Blue Green 25.19 11.76 -1.099 0.0029 

Od16g02450 Blue Green 34.53 16.12 -1.099 0.0023 

Od19g01210 Blue Green 6.03 2.81 -1.101 0.0150 

Od01g06940 Blue Green 7.33 3.42 -1.101 0.0455 

Od07g03710 Blue Green 17.87 8.32 -1.103 0.0016 

Od05g01080 Blue Green 38.23 17.71 -1.110 0.0009 

Od15g00200 Blue Green 25.26 11.68 -1.113 0.0199 

Od07g04770 Blue Green 6.70 3.09 -1.115 0.0100 

Od11g02480 Blue Green 64.90 29.96 -1.115 0.0009 

Od09g00390 Blue Green 41.22 19.01 -1.117 0.0009 

Od10g02310 Blue Green 34.36 15.79 -1.122 0.0009 

Od04g04360 Blue Green 34.22 15.72 -1.123 0.0009 

Od12g01050 Blue Green 28.92 13.27 -1.123 0.0016 

Od16g01870 Blue Green 105.37 48.36 -1.124 0.0009 

Od14g02600 Blue Green 27.25 12.46 -1.130 0.0009 

Od01g01440 Blue Green 68.84 31.45 -1.130 0.0009 

Od17g03010 Blue Green 178.61 81.58 -1.131 0.0009 

Od14g02480 Blue Green 101.10 46.16 -1.131 0.0009 

Od17g02090 Blue Green 102.08 46.58 -1.132 0.0090 



 

  

 

223 

Od17g01560 Blue Green 185.83 84.78 -1.132 0.0009 

Od13g01900 Blue Green 22.85 10.42 -1.132 0.0009 

Od06g04750 Blue Green 170.43 77.54 -1.136 0.0009 

Od02g03930 Blue Green 17.78 8.09 -1.137 0.0095 

Od07g02890 Blue Green 26.43 12.01 -1.138 0.0009 

Od02g03320 Blue Green 29.83 13.52 -1.142 0.0009 

Od02g04450 Blue Green 6.45 2.91 -1.147 0.0100 

Od19g01270 Blue Green 31.39 14.17 -1.147 0.0009 

Od17g01240 Blue Green 4.58 2.06 -1.152 0.0452 

Od14g00990 Blue Green 9.37 4.22 -1.152 0.0016 

Od17g01170 Blue Green 28.86 12.96 -1.155 0.0009 

Od14g00290 Blue Green 3.06 1.37 -1.158 0.0217 

Od14g00640 Blue Green 14.76 6.61 -1.159 0.0009 

Od01g01560 Blue Green 11.57 5.17 -1.162 0.0057 

Od16g00130 Blue Green 5.88 2.62 -1.167 0.0248 

Od07g03210 Blue Green 22.29 9.89 -1.172 0.0023 

Od19g00750 Blue Green 26.66 11.82 -1.173 0.0009 

Od01g05400 Blue Green 28.62 12.67 -1.176 0.0009 

Od09g01340 Blue Green 25.01 11.06 -1.177 0.0009 

Od10g02190 Blue Green 8.51 3.76 -1.179 0.0086 

Od12g00110 Blue Green 18.11 7.99 -1.180 0.0009 

Od09g05820 Blue Green 43.53 19.14 -1.186 0.0009 

Od12g00160 Blue Green 110.67 48.59 -1.187 0.0009 

Od06g02150 Blue Green 16.32 7.15 -1.190 0.0258 

Od10g02340 Blue Green 45.78 19.98 -1.196 0.0009 

Od05g01230 Blue Green 59.71 26.04 -1.197 0.0046 

Od17g00090 Blue Green 83.30 36.19 -1.203 0.0009 

Od06g04890 Blue Green 203.82 88.47 -1.204 0.0009 

Od02g03670 Blue Green 121.80 52.84 -1.205 0.0009 

Od07g02920 Blue Green 159.28 68.76 -1.212 0.0009 

Od11g00130 Blue Green 143.09 61.60 -1.216 0.0009 

Od05g00940 Blue Green 2.49 1.07 -1.216 0.0497 

Od11g04240 Blue Green 328.77 141.38 -1.218 0.0009 

Od04g00670 Blue Green 130.46 56.09 -1.218 0.0009 

Od13g02310 Blue Green 11.93 5.09 -1.230 0.0100 

Od02g04830 Blue Green 28.18 12.00 -1.232 0.0009 

Od08g03860 Blue Green 86.82 36.96 -1.232 0.0009 

Od08g01990 Blue Green 10.72 4.56 -1.234 0.0016 

Od01g02880 Blue Green 20.62 8.75 -1.237 0.0009 

Od19g00990 Blue Green 4.15 1.76 -1.237 0.0009 

Od12g02100 Blue Green 48.04 20.38 -1.237 0.0009 

Od08g00650 Blue Green 50.61 21.41 -1.241 0.0009 

Od01g04130 Blue Green 101.97 43.13 -1.241 0.0009 
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Od13g02290 Blue Green 161.19 67.51 -1.256 0.0009 

Od03g03160 Blue Green 183.75 76.95 -1.256 0.0009 

Od06g06590 Blue Green 47.44 19.86 -1.256 0.0009 

Od11g00680 Blue Green 25.96 10.86 -1.258 0.0016 

Od09g06120 Blue Green 50.12 20.96 -1.258 0.0009 

Od17g02150 Blue Green 9.17 3.80 -1.272 0.0023 

Od03g03030 Blue Green 17.81 7.37 -1.273 0.0009 

Od01g03680 Blue Green 24.40 10.09 -1.274 0.0029 

Od15g00840 Blue Green 9.53 3.93 -1.277 0.0035 

Od17g01040 Blue Green 108.45 44.74 -1.277 0.0009 

Od11g02550 Blue Green 2.94 1.21 -1.278 0.0434 

Od16g01060 Blue Green 23.08 9.51 -1.279 0.0009 

Od11g01290 Blue Green 20.71 8.53 -1.279 0.0009 

Od12g00910 Blue Green 6.21 2.55 -1.284 0.0195 

Od09g05840 Blue Green 13.22 5.42 -1.287 0.0009 

Od10g01390 Blue Green 35.09 14.37 -1.288 0.0009 

Od10g01020 Blue Green 73.72 30.15 -1.290 0.0009 

Od07g00100 Blue Green 210.40 86.01 -1.291 0.0009 

Od10g00840 Blue Green 303.20 123.87 -1.291 0.0009 

Od01g04830 Blue Green 21.22 8.66 -1.293 0.0009 

Od12g00140 Blue Green 495.77 202.09 -1.295 0.0009 

Od06g04390 Blue Green 15.97 6.49 -1.299 0.0009 

Od01g04670 Blue Green 20.34 8.25 -1.302 0.0009 

Od13g00360 Blue Green 24.39 9.88 -1.303 0.0016 

Od01g01690 Blue Green 275.49 111.51 -1.305 0.0009 

Od06g04320 Blue Green 30.30 12.23 -1.308 0.0009 

Od19g00740 Blue Green 505.52 203.97 -1.309 0.0009 

Od06g07370 Blue Green 94.20 37.97 -1.311 0.0009 

Od01g00210 Blue Green 54.69 22.03 -1.312 0.0009 

Od20g02360 Blue Green 13.20 5.31 -1.314 0.0009 

Od01g06100 Blue Green 2.55 1.03 -1.316 0.0217 

Od01g04460 Blue Green 53.87 21.59 -1.319 0.0009 

Od02g04150 Blue Green 5.65 2.26 -1.319 0.0009 

Od14g01200 Blue Green 6.17 2.47 -1.320 0.0081 

Od04g04880 Blue Green 47.65 19.03 -1.324 0.0009 

Od01g05590 Blue Green 23.61 9.42 -1.325 0.0009 

Od06g03670 Blue Green 31.07 12.38 -1.328 0.0009 

Od16g00280 Blue Green 122.12 48.63 -1.328 0.0009 

Od15g00150 Blue Green 21.59 8.55 -1.336 0.0009 

Od20g00470 Blue Green 19.92 7.84 -1.345 0.0265 

Od07g00010 Blue Green 10.98 4.31 -1.349 0.0009 

Od15g00790 Blue Green 43.78 17.18 -1.350 0.0009 

Od12g00100 Blue Green 35.24 13.78 -1.355 0.0009 



 

  

 

225 

Od16g01220 Blue Green 31.89 12.45 -1.356 0.0009 

Od11g00060 Blue Green 76.97 30.05 -1.357 0.0009 

Od10g01870 Blue Green 218.38 85.01 -1.361 0.0009 

Od02g00310 Blue Green 1735.42 672.34 -1.368 0.0009 

Od06g02450 Blue Green 24.26 9.39 -1.370 0.0117 

Od20g02780 Blue Green 13.96 5.39 -1.373 0.0009 

Od13g03140 Blue Green 6.86 2.64 -1.378 0.0071 

Od09g01150 Blue Green 35.96 13.80 -1.382 0.0009 

Od01g03970 Blue Green 59.00 22.56 -1.387 0.0009 

Od08g00250 Blue Green 26.94 10.30 -1.387 0.0035 

Od06g04940 Blue Green 122.21 46.69 -1.388 0.0009 

Od20g01140 Blue Green 76.62 29.19 -1.392 0.0009 

Od02g04950 Blue Green 93.22 35.44 -1.395 0.0009 

Od14g01000 Blue Green 44.44 16.89 -1.396 0.0009 

Od12g02680 Blue Green 32.70 12.43 -1.396 0.0009 

Od12g03330 Blue Green 5.32 2.02 -1.397 0.0035 

Od10g02430 Blue Green 108.90 41.26 -1.400 0.0076 

Od02g03170 Blue Green 23.71 8.91 -1.411 0.0009 

Od16g02500 Blue Green 71.93 27.00 -1.414 0.0009 

Od05g01170 Blue Green 918.57 344.45 -1.415 0.0009 

Od01g03690 Blue Green 24.68 9.22 -1.421 0.0009 

Od16g01180 Blue Green 24.20 9.02 -1.424 0.0009 

Od04g00790 Blue Green 29.40 10.93 -1.428 0.0009 

Od02g04350 Blue Green 536.13 199.27 -1.428 0.0009 

Od09g00660 Blue Green 22.38 8.32 -1.428 0.0009 

Od02g00280 Blue Green 66.54 24.67 -1.432 0.0009 

Od05g01200 Blue Green 6.84 2.52 -1.439 0.0076 

Od11g00170 Blue Green 113.95 41.95 -1.442 0.0009 

Od05g00890 Blue Green 106.18 38.94 -1.447 0.0009 

Od16g02460 Blue Green 172.46 63.13 -1.450 0.0009 

Od11g03030 Blue Green 74.08 27.11 -1.450 0.0009 

Od10g02150 Blue Green 253.01 92.49 -1.452 0.0009 

Od15g01490 Blue Green 6.05 2.21 -1.455 0.0287 

Od04g04460 Blue Green 49.01 17.88 -1.455 0.0009 

Od01g05320 Blue Green 46.92 17.06 -1.460 0.0009 

Od11g01110 Blue Green 16.04 5.80 -1.467 0.0009 

Od09g05100 Blue Green 65.13 23.56 -1.467 0.0016 

Od01g02300 Blue Green 57.19 20.62 -1.472 0.0009 

Od04g03210 Blue Green 19.21 6.91 -1.475 0.0009 

Od06g00540 Blue Green 18.50 6.65 -1.476 0.0009 

Od04g03740 Blue Green 35.58 12.78 -1.477 0.0009 

Od09g02830 Blue Green 14.83 5.32 -1.480 0.0009 

Od17g00270 Blue Green 29.18 10.41 -1.487 0.0009 
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Od02g05030 Blue Green 30.96 11.04 -1.488 0.0029 

Od04g00100 Blue Green 3.77 1.34 -1.491 0.0100 

Od01g01650 Blue Green 40.32 14.23 -1.503 0.0009 

Od17g02170 Blue Green 49.89 17.52 -1.510 0.0009 

Od12g00180 Blue Green 21.56 7.57 -1.511 0.0009 

Od10g00330 Blue Green 29.36 10.29 -1.513 0.0009 

Od11g00700 Blue Green 45.29 15.81 -1.518 0.0009 

Od14g02910 Blue Green 11.36 3.96 -1.520 0.0076 

Od11g00400 Blue Green 16.48 5.70 -1.532 0.0009 

Od13g01180 Blue Green 78.99 27.32 -1.532 0.0009 

Od11g03280 Blue Green 26.65 9.19 -1.537 0.0009 

Od05g03390 Blue Green 7.99 2.75 -1.539 0.0009 

Od08g00520 Blue Green 157.67 54.25 -1.539 0.0009 

Od08g01830 Blue Green 16.67 5.72 -1.542 0.0016 

Od04g05020 Blue Green 43.42 14.91 -1.543 0.0009 

Od17g02180 Blue Green 19.04 6.53 -1.545 0.0009 

Od02g04480 Blue Green 71.34 24.40 -1.548 0.0009 

Od05g03930 Blue Green 44.35 15.16 -1.548 0.0009 

Od01g07040 Blue Green 3.27 1.11 -1.552 0.0090 

Od05g01470 Blue Green 24.18 8.24 -1.553 0.0009 

Od15g00350 Blue Green 28.28 9.64 -1.553 0.0009 

Od04g00310 Blue Green 13.61 4.63 -1.556 0.0306 

Od07g00210 Blue Green 7.30 2.48 -1.559 0.0146 

Od11g02410 Blue Green 9.96 3.36 -1.567 0.0258 

Od09g00120 Blue Green 4.81 1.62 -1.569 0.0162 

Od19g01120 Blue Green 9.48 3.17 -1.578 0.0117 

Od01g02570 Blue Green 26.11 8.74 -1.579 0.0009 

Od20g01510 Blue Green 8.68 2.90 -1.581 0.0009 

Od07g00340 Blue Green 14.56 4.82 -1.594 0.0188 

Od06g02440 Blue Green 8.25 2.73 -1.595 0.0255 

Od09g05920 Blue Green 39.02 12.81 -1.607 0.0009 

Od10g01930 Blue Green 3.40 1.10 -1.627 0.0009 

Od04g05300 Blue Green 82.96 26.81 -1.630 0.0009 

Od01g01230 Blue Green 130.38 41.98 -1.635 0.0009 

Od06g01250 Blue Green 68.68 22.11 -1.635 0.0009 

Od15g00900 Blue Green 18.63 5.99 -1.638 0.0009 

Od06g01240 Blue Green 50.35 16.17 -1.638 0.0009 

Od06g01420 Blue Green 9.89 3.17 -1.641 0.0052 

Od16g00900 Blue Green 14.86 4.76 -1.642 0.0009 

Od08g02180 Blue Green 34.29 10.98 -1.643 0.0009 

Od13g00190 Blue Green 107.42 34.24 -1.649 0.0009 

Od04g00320 Blue Green 6.08 1.93 -1.655 0.0324 

Od10g01650 Blue Green 27.04 8.58 -1.657 0.0009 
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Od06g01270 Blue Green 16.03 5.03 -1.670 0.0009 

Od01g03480 Blue Green 30.52 9.52 -1.680 0.0009 

Od15g01260 Blue Green 9.25 2.87 -1.690 0.0009 

Od11g01890 Blue Green 70.42 21.80 -1.691 0.0009 

Od08g01720 Blue Green 11.44 3.52 -1.702 0.0009 

Od04g00640 Blue Green 3.04 0.93 -1.708 0.0337 

Od11g02950 Blue Green 18.21 5.56 -1.713 0.0268 

Od09g00150 Blue Green 105.66 32.09 -1.719 0.0009 

Od08g00830 Blue Green 10.71 3.24 -1.725 0.0113 

Od09g03260 Blue Green 14.85 4.47 -1.732 0.0029 

Od07g02910 Blue Green 37.85 11.37 -1.735 0.0009 

Od03g00630 Blue Green 23.47 7.04 -1.738 0.0009 

Od01g04760 Blue Green 75.50 22.60 -1.740 0.0009 

Od13g03060 Blue Green 16.08 4.72 -1.768 0.0081 

Od11g04460 Blue Green 207.26 60.85 -1.768 0.0009 

Od06g05070 Blue Green 15.44 4.53 -1.770 0.0009 

Od06g06820 Blue Green 46.15 13.53 -1.770 0.0009 

Od10g00820 Blue Green 316.61 92.77 -1.771 0.0009 

Od02g00320 Blue Green 46.61 13.65 -1.771 0.0009 

Od01g05390 Blue Green 8.03 2.35 -1.775 0.0237 

Od03g03200 Blue Green 4.09 1.19 -1.779 0.0076 

Od01g05030 Blue Green 183.89 52.45 -1.810 0.0009 

Od13g00760 Blue Green 15.40 4.37 -1.817 0.0009 

Od03g01340 Blue Green 68.92 19.39 -1.829 0.0009 

Od08g01230 Blue Green 17.00 4.74 -1.843 0.0009 

Od20g01170 Blue Green 35.95 9.89 -1.862 0.0009 

Od12g00470 Blue Green 22.55 6.20 -1.863 0.0009 

Od10g00760 Blue Green 243.53 66.90 -1.864 0.0009 

Od04g00010 Blue Green 19.02 5.22 -1.865 0.0009 

Od01g03410 Blue Green 41.05 11.22 -1.871 0.0009 

Od01g06980 Blue Green 33.08 9.04 -1.871 0.0009 

Od08g01730 Blue Green 62.70 17.11 -1.874 0.0009 

Od20g00040 Blue Green 43.46 11.85 -1.874 0.0009 

Od06g01470 Blue Green 20.51 5.58 -1.879 0.0009 

Od01g04620 Blue Green 3.02 0.82 -1.886 0.0162 

Od01g06640 Blue Green 22.21 6.00 -1.887 0.0009 

Od04g05390 Blue Green 3.20 0.86 -1.896 0.0321 

Od14g03310 Blue Green 125.26 33.48 -1.903 0.0009 

Od09g02120 Blue Green 19.65 5.25 -1.904 0.0009 

Od06g00230 Blue Green 17.86 4.76 -1.909 0.0009 

Od14g02780 Blue Green 23.81 6.27 -1.926 0.0009 

Od06g02850 Blue Green 345.45 90.30 -1.936 0.0009 

Od05g00920 Blue Green 9.51 2.44 -1.961 0.0009 
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Od14g03320 Blue Green 73.39 18.70 -1.973 0.0009 

Od19g00370 Blue Green 76.82 19.46 -1.981 0.0009 

Od12g01040 Blue Green 72.47 18.35 -1.981 0.0009 

Od17g00150 Blue Green 8.83 2.22 -1.991 0.0122 

Od06g04270 Blue Green 8.04 2.01 -1.997 0.0287 

Od12g00120 Blue Green 22.32 5.56 -2.005 0.0009 

Od14g00740 Blue Green 45.32 11.15 -2.023 0.0009 

Od16g00040 Blue Green 5.43 1.33 -2.026 0.0009 

Od12g00290 Blue Green 40.58 9.89 -2.037 0.0009 

Od15g00850 Blue Green 15.17 3.56 -2.090 0.0009 

Od16g02330 Blue Green 28.09 6.49 -2.115 0.0146 

Od16g02320 Blue Green 28.36 6.53 -2.118 0.0130 

Od13g01790 Blue Green 24.75 5.69 -2.121 0.0009 

Od16g01980 Blue Green 12.19 2.80 -2.122 0.0009 

Od02g02690 Blue Green 1779.39 406.16 -2.131 0.0009 

Od03g01650 Blue Green 49.66 11.26 -2.141 0.0009 

Od04g00830 Blue Green 26.95 6.09 -2.145 0.0009 

Od04g05000 Blue Green 4.87 1.07 -2.184 0.0009 

Od08g02560 Blue Green 9.33 2.03 -2.199 0.0009 

Od09g02770 Blue Green 2.04 0.44 -2.215 0.0210 

Od19g01000 Blue Green 24.50 5.24 -2.224 0.0009 

Od20g00710 Blue Green 4.64 0.96 -2.273 0.0041 

Od06g04090 Blue Green 79.02 16.34 -2.274 0.0009 

Od17g01800 Blue Green 84.66 17.51 -2.274 0.0009 

Od20g02070 Blue Green 62.06 12.82 -2.275 0.0009 

Od07g00170 Blue Green 6.78 1.40 -2.277 0.0009 

Od04g00260 Blue Green 31.04 6.35 -2.289 0.0009 

Od15g00940 Blue Green 6.05 1.24 -2.290 0.0071 

Od07g04620 Blue Green 101.21 19.99 -2.340 0.0009 

Od05g01450 Blue Green 29.36 5.73 -2.357 0.0009 

Od14g01080 Blue Green 106.93 20.79 -2.363 0.0009 

Od07g03640 Blue Green 27.62 5.33 -2.375 0.0104 

Od11g01790 Blue Green 2.52 0.48 -2.380 0.0029 

Od14g00930 Blue Green 33.04 6.27 -2.398 0.0009 

Od07g00480 Blue Green 41.29 7.74 -2.415 0.0009 

Od19g00350 Blue Green 13.26 2.47 -2.426 0.0009 

Od07g00820 Blue Green 7.89 1.46 -2.437 0.0184 

Od05g03110 Blue Green 34.31 6.32 -2.440 0.0009 

Od20g00270 Blue Green 82.85 14.23 -2.542 0.0009 

Od01g06650 Blue Green 66.16 11.28 -2.552 0.0009 

Od07g02550 Blue Green 17.75 3.01 -2.560 0.0009 

Od06g07360 Blue Green 42.75 7.21 -2.568 0.0009 

Od20g00460 Blue Green 33.60 5.66 -2.569 0.0009 
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Od08g03260 Blue Green 14.96 2.51 -2.574 0.0009 

Od05g00220 Blue Green 60.18 9.80 -2.618 0.0009 

Od11g01330 Blue Green 30.29 4.90 -2.627 0.0009 

Od12g01020 Blue Green 17.07 2.70 -2.659 0.0009 

Od13g01990 Blue Green 42.22 6.12 -2.787 0.0009 

Od07g00400 Blue Green 64.09 9.23 -2.796 0.0009 

Od07g03850 Blue Green 41.90 5.91 -2.825 0.0016 

Od06g02030 Blue Green 12.34 1.73 -2.838 0.0067 

Od13g01200 Blue Green 33.81 4.73 -2.839 0.0009 

Od15g00600 Blue Green 24.87 3.35 -2.892 0.0009 

Od02g03540 Blue Green 45.17 5.98 -2.917 0.0009 

Od09g05770 Blue Green 12.18 1.59 -2.934 0.0009 

Od11g03720 Blue Green 12.13 1.58 -2.937 0.0076 

Od16g00070 Blue Green 58.64 7.63 -2.942 0.0126 

Od07g00180 Blue Green 225.13 28.19 -2.997 0.0009 

Od11g00070 Blue Green 252.45 31.23 -3.015 0.0009 

Od02g00200 Blue Green 44.41 5.47 -3.023 0.0009 

Od07g02560 Blue Green 32.56 3.94 -3.047 0.0009 

Od09g02300 Blue Green 200.61 24.08 -3.059 0.0009 

Od04g04760 Blue Green 13.81 1.57 -3.138 0.0009 

Od01g00560 Blue Green 77.56 8.64 -3.166 0.0009 

Od09g01360 Blue Green 22.42 2.40 -3.222 0.0009 

Od04g03190 Blue Green 50.03 5.30 -3.239 0.0009 

Od19g00300 Blue Green 20.90 2.07 -3.336 0.0009 

Od07g03280 Blue Green 20.40 1.84 -3.468 0.0009 

Od08g02000 Blue Green 46.84 3.43 -3.770 0.0009 

Od03g03140 Blue Green 14.04 0.97 -3.856 0.0009 

Od08g00870 Blue Green 151.85 9.05 -4.069 0.0009 

Od01g06420 Blue Green 78.19 4.21 -4.213 0.0023 

Od15g01270 Blue Green 281.66 13.97 -4.334 0.0009 

Od07g00840 Red Green 6.21 19.70 1.665 0.0095 

Od10g02190 Red Green 1.63 3.76 1.206 0.0352 

Od05g00120 Red Green 18.22 37.15 1.028 0.0213 

Od17g03230 Red Green 1.38 2.79 1.009 0.0009 

Od14g01850 Red Green 54.49 108.81 0.998 0.0113 

Od03g02510 Red Green 4.93 9.79 0.990 0.0252 

Od11g02910 Red Green 18.69 36.44 0.963 0.0052 

Od04g03630 Red Green 57.68 111.96 0.957 0.0009 

Od17g00960 Red Green 15.92 30.72 0.949 0.0009 

Od14g01410 Red Green 13.26 25.59 0.948 0.0337 

Od14g01420 Red Green 80.02 152.29 0.928 0.0009 

Od14g00130 Red Green 41.62 78.61 0.918 0.0009 

Od05g03170 Red Green 70.55 132.67 0.911 0.0009 
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Od12g00240 Red Green 300.54 564.33 0.909 0.0009 

Od13g00090 Red Green 32.36 59.65 0.882 0.0312 

Od05g03600 Red Green 1.63 2.97 0.866 0.0372 

Od20g01770 Red Green 192.20 347.84 0.856 0.0009 

Od02g04650 Red Green 143.65 258.73 0.849 0.0009 

Od05g01040 Red Green 47.46 85.41 0.848 0.0009 

Od13g02150 Red Green 109.74 196.82 0.843 0.0009 

Od05g01840 Red Green 967.03 1710.00 0.822 0.0009 

Od01g06390 Red Green 3.25 5.73 0.821 0.0046 

Od06g02650 Red Green 51.19 88.70 0.793 0.0009 

Od06g00340 Red Green 16.70 28.54 0.773 0.0138 

Od11g02310 Red Green 89.21 152.05 0.769 0.0009 

Od20g01670 Red Green 26.23 44.29 0.756 0.0090 

Od09g04040 Red Green 15.30 25.62 0.744 0.0463 

Od06g00920 Red Green 116.06 193.61 0.738 0.0009 

Od09g02940 Red Green 62.57 103.37 0.724 0.0016 

Od09g02220 Red Green 703.00 1160.78 0.723 0.0029 

Od09g03610 Red Green 38.07 62.82 0.723 0.0199 

Od09g05470 Red Green 163.15 267.68 0.714 0.0188 

Od09g05930 Red Green 18.47 30.02 0.701 0.0177 

Od09g00560 Red Green 25.90 41.75 0.689 0.0174 

Od03g03060 Red Green 179.96 289.30 0.685 0.0035 

Od10g00310 Red Green 53.07 85.25 0.684 0.0016 

Od09g00990 Red Green 517.66 830.72 0.682 0.0029 

Od01g02350 Red Green 13.01 20.82 0.678 0.0095 

Od09g01600 Red Green 204.88 327.42 0.676 0.0023 

Od17g00110 Red Green 74.57 119.05 0.675 0.0046 

Od06g07490 Red Green 270.21 431.08 0.674 0.0041 

Od16g01360 Red Green 40.05 63.51 0.665 0.0062 

Od01g03130 Red Green 812.94 1286.28 0.662 0.0029 

Od06g02120 Red Green 65.98 104.36 0.661 0.0067 

Od03g00090 Red Green 109.97 173.81 0.660 0.0029 

Od09g01820 Red Green 42.60 67.18 0.657 0.0315 

Od20g02620 Red Green 245.54 380.96 0.634 0.0081 

Od04g01520 Red Green 48.97 75.89 0.632 0.0195 

Od06g04740 Red Green 62.54 96.77 0.630 0.0321 

Od15g00340 Red Green 177.81 273.90 0.623 0.0067 

Od05g01340 Red Green 11.75 18.07 0.620 0.0023 

Od11g00240 Red Green 80.27 123.08 0.617 0.0057 

Od07g04340 Red Green 116.14 177.93 0.616 0.0443 

Od05g04090 Red Green 71.13 108.98 0.616 0.0035 

Od19g00590 Red Green 28.21 43.16 0.613 0.0343 

Od02g00410 Red Green 50.22 76.70 0.611 0.0067 
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Od01g02070 Red Green 299.36 454.49 0.602 0.0138 

Od01g06180 Red Green 154.24 234.16 0.602 0.0108 

Od06g03250 Red Green 667.97 1010.57 0.597 0.0067 

Od09g04590 Red Green 62.99 95.16 0.595 0.0134 

Od09g00980 Red Green 119.38 179.95 0.592 0.0062 

Od10g00260 Red Green 81.30 122.54 0.592 0.0158 

Od03g00550 Red Green 89.60 134.37 0.585 0.0130 

Od07g02000 Red Green 136.57 204.74 0.584 0.0090 

Od04g01050 Red Green 2636.43 3931.59 0.577 0.0177 

Od12g01550 Red Green 109.61 162.87 0.571 0.0423 

Od08g01460 Red Green 88.94 132.04 0.570 0.0343 

Od01g02490 Red Green 159.61 236.94 0.570 0.0122 

Od14g01220 Red Green 70.31 104.34 0.570 0.0166 

Od04g02760 Red Green 319.82 474.42 0.569 0.0150 

Od07g02030 Red Green 37.58 55.73 0.568 0.0268 

Od09g00050 Red Green 105.26 155.91 0.567 0.0142 

Od11g03710 Red Green 48.74 72.10 0.565 0.0213 

Od01g01040 Red Green 94.88 140.04 0.562 0.0297 

Od13g00740 Red Green 124.50 183.69 0.561 0.0174 

Od06g06180 Red Green 37.93 55.83 0.557 0.0384 

Od09g03870 Red Green 203.05 298.34 0.555 0.0177 

Od07g02150 Red Green 160.14 235.18 0.554 0.0199 

Od06g06700 Red Green 18.59 27.28 0.554 0.0306 

Od05g03780 Red Green 7.02 10.30 0.553 0.0343 

Od02g03460 Red Green 72.34 106.08 0.552 0.0470 

Od09g06200 Red Green 146.91 215.37 0.552 0.0327 

Od13g02960 Red Green 63.14 92.54 0.551 0.0206 

Od13g02670 Red Green 51.67 75.60 0.549 0.0420 

Od01g05470 Red Green 167.16 244.49 0.549 0.0234 

Od01g06720 Red Green 41.44 60.54 0.547 0.0195 

Od11g04020 Red Green 40.82 59.46 0.543 0.0335 

Od08g00630 Red Green 100.15 145.31 0.537 0.0177 

Od13g00600 Red Green 17.07 24.73 0.535 0.0224 

Od12g03860 Red Green 1281.24 1854.85 0.534 0.0315 

Od20g00320 Red Green 75.09 108.11 0.526 0.0278 

Od09g00300 Red Green 77.41 111.27 0.523 0.0278 

Od15g01360 Red Green 68.31 97.93 0.520 0.0237 

Od03g02370 Red Green 40.58 58.11 0.518 0.0275 

Od07g02970 Red Green 216.61 310.20 0.518 0.0268 

Od16g01540 Red Green 1216.36 1740.69 0.517 0.0278 

Od06g00510 Red Green 126.48 180.49 0.513 0.0319 

Od07g02520 Red Green 133.25 189.73 0.510 0.0294 

Od01g01390 Red Green 250.58 356.35 0.508 0.0324 
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Od11g01750 Red Green 19.97 28.39 0.508 0.0395 

Od08g00510 Red Green 81.53 115.90 0.507 0.0337 

Od10g02380 Red Green 131.33 186.54 0.506 0.0329 

Od12g01140 Red Green 329.09 467.43 0.506 0.0369 

Od09g01870 Red Green 88.75 125.88 0.504 0.0492 

Od16g00400 Red Green 383.84 544.08 0.503 0.0346 

Od06g05050 Red Green 64.95 92.03 0.503 0.0355 

Od02g04320 Red Green 142.67 200.60 0.492 0.0392 

Od05g04680 Red Green 117.92 165.65 0.490 0.0375 

Od06g05830 Red Green 243.93 341.87 0.487 0.0390 

Od15g00730 Red Green 154.97 216.92 0.485 0.0452 

Od17g01780 Red Green 59.33 82.93 0.483 0.0436 

Od12g00650 Red Green 179.12 249.30 0.477 0.0458 

Od07g00790 Red Green 61.77 85.54 0.470 0.0484 

Od10g00340 Red Green 93.90 67.50 -0.476 0.0497 

Od17g01560 Red Green 118.64 84.78 -0.485 0.0423 

Od11g01480 Red Green 73.00 52.12 -0.486 0.0363 

Od16g00280 Red Green 68.14 48.63 -0.487 0.0463 

Od09g02330 Red Green 710.30 506.27 -0.489 0.0442 

Od17g00370 Red Green 87.47 62.33 -0.489 0.0395 

Od10g01480 Red Green 14.87 10.56 -0.494 0.0476 

Od11g01850 Red Green 69.20 49.07 -0.496 0.0331 

Od08g03860 Red Green 52.22 36.96 -0.499 0.0384 

Od03g03160 Red Green 108.76 76.95 -0.499 0.0346 

Od02g01320 Red Green 176.25 124.56 -0.501 0.0302 

Od01g04040 Red Green 46.01 32.46 -0.503 0.0431 

Od06g04690 Red Green 91.22 64.32 -0.504 0.0302 

Od02g00680 Red Green 77.12 54.25 -0.507 0.0329 

Od01g04280 Red Green 30.35 21.35 -0.507 0.0255 

Od02g02850 Red Green 448.05 315.17 -0.508 0.0231 

Od02g02300 Red Green 122.88 86.33 -0.509 0.0275 

Od09g03220 Red Green 67.02 47.01 -0.512 0.0300 

Od13g03030 Red Green 28601.40 20040.40 -0.513 0.0130 

Od02g03070 Red Green 545.91 382.39 -0.514 0.0321 

Od11g02480 Red Green 42.86 29.96 -0.516 0.0329 

Od06g01080 Red Green 587.70 410.71 -0.517 0.0300 

Od05g00150 Red Green 69.01 48.04 -0.523 0.0331 

Od13g01510 Red Green 236.00 164.08 -0.524 0.0234 

Od02g00040 Red Green 109.67 76.11 -0.527 0.0227 

Od02g00280 Red Green 35.63 24.67 -0.530 0.0202 

Od05g01800 Red Green 143.89 99.61 -0.531 0.0248 

Od02g01490 Red Green 723.61 500.92 -0.531 0.0255 

Od10g01680 Red Green 28.15 19.48 -0.531 0.0470 
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Od09g04300 Red Green 143.92 99.41 -0.534 0.0241 

Od12g03180 Red Green 164.74 113.77 -0.534 0.0294 

Od07g02850 Red Green 34.97 24.13 -0.535 0.0327 

Od07g04250 Red Green 269.14 185.69 -0.535 0.0241 

Od07g01600 Red Green 107.38 74.03 -0.536 0.0284 

Od09g02200 Red Green 26.70 18.39 -0.538 0.0479 

Od10g02460 Red Green 10.19 7.00 -0.540 0.0180 

Od17g01460 Red Green 464.88 318.39 -0.546 0.0177 

Od17g00640 Red Green 293.29 200.79 -0.547 0.0234 

Od02g02740 Red Green 57.07 39.04 -0.548 0.0290 

Od07g02940 Red Green 60.89 41.61 -0.549 0.0188 

Od02g02440 Red Green 206.50 141.04 -0.550 0.0192 

Od14g01990 Red Green 48.83 33.31 -0.552 0.0312 

Od07g02890 Red Green 17.62 12.01 -0.553 0.0463 

Od03g02850 Red Green 649.95 442.73 -0.554 0.0174 

Od17g00240 Red Green 34.45 23.46 -0.554 0.0174 

Od16g02720 Red Green 62.57 42.61 -0.554 0.0300 

Od11g00060 Red Green 44.20 30.05 -0.557 0.0335 

Od02g02110 Red Green 398.89 270.32 -0.561 0.0234 

Od14g00170 Red Green 106.75 72.20 -0.564 0.0220 

Od10g01390 Red Green 21.25 14.37 -0.564 0.0281 

Od13g01000 Red Green 49.40 33.37 -0.566 0.0290 

Od02g02420 Red Green 109.71 74.04 -0.567 0.0166 

Od04g04960 Red Green 9.89 6.67 -0.567 0.0431 

Od07g02260 Red Green 32.23 21.73 -0.569 0.0346 

Od12g02680 Red Green 18.44 12.43 -0.569 0.0234 

Od06g03170 Red Green 145.62 98.04 -0.571 0.0306 

Od02g02380 Red Green 261.83 176.23 -0.571 0.0142 

Od04g04480 Red Green 60.32 40.59 -0.572 0.0268 

Od20g01140 Red Green 43.44 29.19 -0.573 0.0122 

Od01g03690 Red Green 13.75 9.22 -0.577 0.0206 

Od05g03090 Red Green 10.60 7.10 -0.578 0.0195 

Od11g01950 Red Green 215.59 144.15 -0.581 0.0117 

Od04g01430 Red Green 14.43 9.65 -0.581 0.0166 

Od04g05270 Red Green 22.66 15.14 -0.582 0.0206 

Od04g04360 Red Green 23.54 15.72 -0.583 0.0146 

Od02g01330 Red Green 357.60 237.80 -0.589 0.0095 

Od02g02310 Red Green 104.78 69.65 -0.589 0.0117 

Od07g02180 Red Green 130.28 86.59 -0.589 0.0202 

Od17g01800 Red Green 26.36 17.51 -0.590 0.0381 

Od13g01890 Red Green 9.29 6.15 -0.593 0.0343 

Od08g00650 Red Green 32.35 21.41 -0.595 0.0090 

Od02g01920 Red Green 77.10 50.97 -0.597 0.0134 
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Od01g00740 Red Green 33.64 22.22 -0.598 0.0113 

Od09g06120 Red Green 31.73 20.96 -0.598 0.0343 

Od15g00920 Red Green 39.64 26.17 -0.599 0.0180 

Od06g01240 Red Green 24.53 16.17 -0.601 0.0071 

Od09g03960 Red Green 28.32 18.66 -0.602 0.0452 

Od02g02130 Red Green 312.56 205.60 -0.604 0.0062 

Od06g06930 Red Green 183.12 120.45 -0.604 0.0126 

Od04g00670 Red Green 85.46 56.09 -0.608 0.0086 

Od17g03010 Red Green 124.45 81.58 -0.609 0.0067 

Od03g01440 Red Green 12.91 8.46 -0.610 0.0248 

Od07g01660 Red Green 44.58 29.12 -0.614 0.0062 

Od06g01470 Red Green 8.55 5.58 -0.615 0.0490 

Od02g02540 Red Green 161.46 105.35 -0.616 0.0052 

Od14g01310 Red Green 94.30 61.35 -0.620 0.0057 

Od02g01670 Red Green 12.92 8.39 -0.623 0.0248 

Od11g01290 Red Green 13.17 8.53 -0.626 0.0113 

Od17g01040 Red Green 69.06 44.74 -0.626 0.0029 

Od06g04370 Red Green 59.90 38.77 -0.628 0.0041 

Od06g06100 Red Green 218.66 140.99 -0.633 0.0067 

Od14g03310 Red Green 51.99 33.48 -0.635 0.0016 

Od02g03000 Red Green 554.47 356.72 -0.636 0.0108 

Od17g00040 Red Green 106.35 68.36 -0.638 0.0090 

Od06g02380 Red Green 39.39 25.28 -0.640 0.0278 

Od05g04650 Red Green 141.50 90.52 -0.645 0.0052 

Od06g03710 Red Green 93.84 59.91 -0.648 0.0076 

Od04g03180 Red Green 47.82 30.52 -0.648 0.0046 

Od03g00560 Red Green 66.60 42.44 -0.650 0.0057 

Od07g04620 Red Green 31.45 19.99 -0.654 0.0224 

Od02g01450 Red Green 61.48 39.07 -0.654 0.0142 

Od01g04270 Red Green 53.47 33.97 -0.654 0.0076 

Od06g02800 Red Green 110.92 70.31 -0.658 0.0029 

Od01g01440 Red Green 49.66 31.45 -0.659 0.0081 

Od16g02460 Red Green 100.05 63.13 -0.664 0.0067 

Od06g06590 Red Green 31.54 19.86 -0.667 0.0199 

Od13g01310 Red Green 82.45 51.78 -0.671 0.0067 

Od19g00150 Red Green 51.24 32.17 -0.672 0.0086 

Od13g01900 Red Green 16.63 10.42 -0.674 0.0067 

Od09g00150 Red Green 51.37 32.09 -0.679 0.0150 

Od14g02580 Red Green 158.01 98.71 -0.679 0.0023 

Od05g02890 Red Green 117.50 73.19 -0.683 0.0035 

Od06g03670 Red Green 19.92 12.38 -0.686 0.0016 

Od01g04190 Red Green 23.23 14.43 -0.687 0.0465 

Od01g04120 Red Green 52.63 32.63 -0.690 0.0122 
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Od12g00470 Red Green 10.02 6.20 -0.693 0.0081 

Od04g02610 Red Green 177.26 109.41 -0.696 0.0009 

Od08g00090 Red Green 18.78 11.58 -0.697 0.0052 

Od06g05360 Red Green 37.45 23.08 -0.698 0.0009 

Od04g04790 Red Green 27.24 16.77 -0.700 0.0081 

Od12g00100 Red Green 22.39 13.78 -0.700 0.0071 

Od01g03410 Red Green 18.24 11.22 -0.700 0.0100 

Od14g02940 Red Green 78.19 48.03 -0.703 0.0009 

Od10g00860 Red Green 656.49 402.76 -0.705 0.0016 

Od06g01250 Red Green 36.04 22.11 -0.705 0.0041 

Od14g02780 Red Green 10.25 6.27 -0.710 0.0090 

Od10g00870 Red Green 418.74 255.85 -0.711 0.0009 

Od08g03600 Red Green 177.34 107.73 -0.719 0.0009 

Od17g02010 Red Green 42.29 25.65 -0.721 0.0174 

Od02g04870 Red Green 11.82 7.17 -0.722 0.0482 

Od02g03110 Red Green 70.96 42.98 -0.723 0.0009 

Od10g01970 Red Green 132.01 79.96 -0.723 0.0016 

Od07g04720 Red Green 1294.55 779.66 -0.732 0.0016 

Od02g01660 Red Green 187.33 112.74 -0.733 0.0009 

Od06g01270 Red Green 8.43 5.03 -0.744 0.0357 

Od10g02070 Red Green 31.27 18.67 -0.744 0.0009 

Od04g00980 Red Green 41.68 24.85 -0.746 0.0023 

Od13g02290 Red Green 113.29 67.51 -0.747 0.0126 

Od02g02010 Red Green 84.49 50.30 -0.748 0.0009 

Od07g04000 Red Green 44.42 26.43 -0.749 0.0067 

Od20g00270 Red Green 23.94 14.23 -0.750 0.0035 

Od09g00180 Red Green 793.20 469.83 -0.756 0.0023 

Od01g06400 Red Green 26.58 15.66 -0.763 0.0009 

Od09g03890 Red Green 4693.28 2747.81 -0.772 0.0009 

Od17g00010 Red Green 117.35 68.33 -0.780 0.0016 

Od17g02180 Red Green 11.22 6.53 -0.782 0.0487 

Od07g02910 Red Green 19.58 11.37 -0.784 0.0009 

Od11g01330 Red Green 8.48 4.90 -0.789 0.0287 

Od20g01510 Red Green 5.02 2.90 -0.792 0.0237 

Od06g05560 Red Green 24.50 14.11 -0.796 0.0174 

Od02g04950 Red Green 61.59 35.44 -0.797 0.0035 

Od17g00030 Red Green 44.92 25.74 -0.803 0.0052 

Od05g00470 Red Green 31.57 18.07 -0.805 0.0009 

Od03g01650 Red Green 19.69 11.26 -0.807 0.0009 

Od07g02920 Red Green 120.62 68.76 -0.811 0.0009 

Od01g01560 Red Green 9.13 5.17 -0.820 0.0372 

Od12g03190 Red Green 220.33 124.52 -0.823 0.0009 

Od09g04310 Red Green 56.58 31.90 -0.827 0.0009 
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Od03g02610 Red Green 231.91 130.49 -0.830 0.0009 

Od02g02640 Red Green 117.51 65.70 -0.839 0.0366 

Od02g02690 Red Green 727.30 406.16 -0.840 0.0009 

Od12g00290 Red Green 17.75 9.89 -0.844 0.0076 

Od01g04130 Red Green 77.70 43.13 -0.849 0.0009 

Od08g03040 Red Green 885.41 491.44 -0.849 0.0016 

Od13g01200 Red Green 8.56 4.73 -0.858 0.0234 

Od11g01890 Red Green 39.53 21.80 -0.858 0.0009 

Od19g00370 Red Green 35.40 19.46 -0.863 0.0029 

Od01g04460 Red Green 39.66 21.59 -0.877 0.0009 

Od06g06820 Red Green 24.89 13.53 -0.879 0.0009 

Od02g05030 Red Green 20.31 11.04 -0.880 0.0346 

Od13g01180 Red Green 50.46 27.32 -0.885 0.0009 

Od09g03000 Red Green 4.62 2.50 -0.886 0.0461 

Od02g04480 Red Green 45.22 24.40 -0.890 0.0009 

Od04g00830 Red Green 11.33 6.09 -0.895 0.0067 

Od09g02300 Red Green 44.82 24.08 -0.896 0.0009 

Od09g05820 Red Green 35.79 19.14 -0.903 0.0009 

Od08g01820 Red Green 113.53 60.67 -0.904 0.0009 

Od05g03110 Red Green 11.89 6.32 -0.910 0.0029 

Od08g00450 Red Green 26.33 13.98 -0.913 0.0009 

Od03g01340 Red Green 36.63 19.39 -0.917 0.0009 

Od03g01220 Red Green 149.30 78.90 -0.920 0.0009 

Od02g02480 Red Green 31.41 16.53 -0.926 0.0009 

Od08g01500 Red Green 19.42 10.17 -0.933 0.0009 

Od01g01690 Red Green 212.84 111.51 -0.933 0.0009 

Od07g00400 Red Green 17.63 9.23 -0.934 0.0041 

Od16g01770 Red Green 23.80 12.44 -0.936 0.0029 

Od02g04150 Red Green 4.35 2.26 -0.941 0.0150 

Od15g01060 Red Green 10.66 5.53 -0.948 0.0062 

Od06g05070 Red Green 8.76 4.53 -0.952 0.0009 

Od03g01640 Red Green 73.11 37.49 -0.964 0.0041 

Od06g02850 Red Green 176.55 90.30 -0.967 0.0009 

Od03g00630 Red Green 13.76 7.04 -0.968 0.0100 

Od08g01810 Red Green 369.95 189.12 -0.968 0.0009 

Od16g00900 Red Green 9.43 4.76 -0.986 0.0271 

Od05g01450 Red Green 11.39 5.73 -0.991 0.0016 

Od04g00110 Red Green 5.80 2.88 -1.009 0.0009 

Od04g00260 Red Green 12.84 6.35 -1.016 0.0009 

Od04g03190 Red Green 10.72 5.30 -1.016 0.0071 

Od10g02310 Red Green 31.93 15.79 -1.016 0.0009 

Od07g02720 Red Green 48.99 24.21 -1.017 0.0009 

Od12g00120 Red Green 11.35 5.56 -1.030 0.0071 
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Od09g02120 Red Green 10.81 5.25 -1.042 0.0009 

Od06g05500 Red Green 58.56 28.39 -1.045 0.0375 

Od11g00070 Red Green 66.62 31.23 -1.093 0.0009 

Od09g03210 Red Green 76.88 36.04 -1.093 0.0009 

Od17g03020 Red Green 84.48 39.27 -1.105 0.0009 

Od11g01110 Red Green 12.50 5.80 -1.107 0.0009 

Od10g00830 Red Green 423.53 192.86 -1.135 0.0009 

Od14g01080 Red Green 45.84 20.79 -1.141 0.0009 

Od10g00760 Red Green 150.50 66.90 -1.170 0.0009 

Od07g00480 Red Green 17.48 7.74 -1.174 0.0009 

Od19g00350 Red Green 5.57 2.47 -1.175 0.0346 

Od04g02130 Red Green 33.47 14.51 -1.206 0.0009 

Od12g00050 Red Green 216.28 92.66 -1.223 0.0009 

Od10g00330 Red Green 24.06 10.29 -1.226 0.0009 

Od06g04490 Red Green 25.39 10.71 -1.246 0.0009 

Od01g00560 Red Green 20.56 8.64 -1.251 0.0009 

Od05g00220 Red Green 23.40 9.80 -1.255 0.0009 

Od10g00840 Red Green 296.95 123.87 -1.261 0.0009 

Od16g01980 Red Green 6.94 2.80 -1.309 0.0195 

Od07g02560 Red Green 9.83 3.94 -1.320 0.0035 

Od02g03540 Red Green 15.19 5.98 -1.345 0.0009 

Od19g01000 Red Green 13.38 5.24 -1.351 0.0009 

Od07g00180 Red Green 72.06 28.19 -1.354 0.0009 

Od15g00600 Red Green 8.63 3.35 -1.365 0.0029 

Od08g01830 Red Green 14.83 5.72 -1.373 0.0009 

Od20g00460 Red Green 14.94 5.66 -1.399 0.0180 

Od10g02430 Red Green 109.54 41.26 -1.408 0.0041 

Od07g03280 Red Green 4.97 1.84 -1.431 0.0035 

Od13g01990 Red Green 17.05 6.12 -1.479 0.0104 

Od20g02070 Red Green 36.24 12.82 -1.499 0.0009 

Od10g00820 Red Green 279.17 92.77 -1.589 0.0009 

Od15g01270 Red Green 43.60 13.97 -1.642 0.0009 

Od05g01200 Red Green 8.26 2.52 -1.711 0.0009 

Od06g02030 Red Green 5.76 1.73 -1.738 0.0449 

Od14g01360 Red Green 2.52 0.72 -1.800 0.0195 

Od08g00870 Red Green 36.19 9.05 -2.000 0.0016 
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Appendix 2 Significantly differentially expressed genes separated by light 

condition  

OTH95 genes which increased expression in green compared to both red and blue light 
ostta15g01710 ostta08g04240 ostta05g04970 

 

OTH95 genes which decreased expression in red compared to both green and blue light 
ostta15g01710 ostta08g04240 ostta05g04970 

 

OTH95 genes which decreased expression in green compared to both red and blue light 
ostta01g00150 ostta01g00530 ostta01g00570 ostta01g00720 ostta01g03480 ostta01g04380 
ostta01g04840 ostta01g05470 ostta01g06010 ostta01g06120 ostta02g02790 ostta02g04010 
ostta02g04930 ostta02g05290 ostta03g00060 ostta03g01070 ostta03g01170 ostta03g02220 
ostta03g02650 ostta03g04380 ostta03g04840 ostta03g04970 ostta03g05040 ostta03g05370 
ostta03g05760 ostta04g00340 ostta04g00770 ostta04g00970 ostta04g01120 ostta04g02770 
ostta04g02880 ostta04g04050 ostta04g04310 ostta04g04930 ostta05g00190 ostta05g00360 
ostta05g00450 ostta05g00690 ostta05g01080 ostta05g01450 ostta05g02690 ostta05g02870 
ostta05g02880 ostta05g03090 ostta05g03410 ostta05g03560 ostta05g03750 ostta05g03820 
ostta05g04180 ostta05g04940 ostta06g00670 ostta06g00860 ostta06g01030 ostta06g01120 
ostta06g01550 ostta06g01610 ostta06g01640 ostta06g01960 ostta06g02410 ostta06g02970 
ostta06g03980 ostta06g04000 ostta06g04610 ostta07g00710 ostta07g00750 ostta07g00780 
ostta07g01760 ostta07g01810 ostta07g02060 ostta07g02070 ostta07g03200 ostta07g03260 
ostta07g03380 ostta07g04020 ostta07g04430 ostta07g04450 ostta07g04660 ostta08g01000 
ostta08g02420 ostta08g02930 ostta08g03170 ostta08g04210 ostta09g00290 ostta09g00785 
ostta09g00890 ostta09g01190 ostta09g01210 ostta09g01960 ostta09g03130 ostta09g03580 
ostta10g00150 ostta10g00320 ostta10g00565 ostta10g01740 ostta10g01900 ostta10g02520 
ostta11g00160 ostta11g01100 ostta11g02020 ostta11g02120 ostta11g03220 ostta12g00070 
ostta12g00590 ostta12g03000 ostta13g00130 ostta13g00720 ostta13g01100 ostta13g01240 

 
RCC809 genes which increased expression in red light compared to both green and blue light 

Gene Description 

Od01g00740 Phytoene Desaturase, carotenoid biosynthesis 

Od02g02380 Phosphatidic Acid Phosphatase-Related Protein 

Od02g02850 Chloroplast Envelope Protein Translocase Family 

Od03g00560 Membrane Component 

Od03g02850 Fructose-1,6-Bisphosphatase 

Od04g00980 Fructose-bisphosphate aldolase activity 

Od04g02610 Predicted Protein 

Od04g04480 Histone methyltransferase activity 

Od04g05270 DNA binding, regulation of transcription 

Od05g04650 Thylakoid 

Od06g02800 Fad-Dependent Oxidoreductase 

Od06g03170 Putative 2Fe-2S ferredoxin 

Od06g04490 Translation elongation 

Od06g06100 Methionine Synthase 
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Od07g04250 Predicted Protein, fatty acid biosynthesis 

Od07g04720 Transketolase, Chloroplastic-Like 

Od08g01810 Zinc Finger CCCH Domain-Containing Protein 28 

Od08g03040 Predicted Protein 

Od09g00180 Predicted Protein, glucose metabolism 

Od09g02200 Membrane Component 

Od09g03890 Adenosylhomocysteinase, cellular methylation 

Od09g04300 LOV-HK 

Od09g04310 LOV-HK 

Od10g00860 Formate/Nitrite Transporter 

Od10g00870 Nitrite Transporter Nar1 

Od10g02070 DNA Replication Protein 

Od11g01480 Predicted Protein, protein binding 

Od12g00050 Urea-Proton Symporter Dur3 

Od13g03030 Fasciclin Domain-Containing Protein 

Od14g02940 Phosphoglucomutase, Chloroplastic 

Od17g01460 Mitochondrial Phosphate Carrier Protein 

Od17g02010 Chloroplast ribulose bisphosphate carboxylase complex 

 
 RCC809 genes which increased expression in green light compared to both red and blue light 
Gene Description 
Od01g01040 Unknown product 
Od01g02070 RNA polymerase II-associated protein 
Od01g02350 Lectin Domain-Containing Binding Protein 
Od01g02490 Glutaredoxin, electron transport, RNA synthesis 
Od01g03130 Peptidase containing nucleoporin and zinc finger CCCH 
Od01g06180 Predicted Protein 
Od02g00410 Major facilitator superfamily (MFS), transport of small solutes 
Od02g04320 Nucleic acid binding, spliceosome 
Od02g04650 Protein binding molecular chaperone, DNAJ domain, heat shock 
Od03g00550 Ribonuclease inhibition, methyltransferase 
Od03g02370 Translational activator GCN1-related 
Od03g03060 Membrane component 
Od04g01050 Hydrolase activity 
Od04g02760 Predicted Protein, binding 
Od05g01040 Heat Shock Protein Sti1, binding 
Od05g01340 Protein binding, p-loop and WD40 repeat-containing 
Od05g01840 Predicted Protein 
Od05g04680 Predicted Protein 
Od06g00510 mRNA splicing factor motif 
Od06g00920 Arm Repeat Superfamily Protein, binding  
Od06g02650 Ultraviolet-B Receptor Uvr8-Like Isoform X1 
Od06g03250 Protein dephosphorylation 
Od06g05830 Cellular protein modification process 
Od06g06180 Protein binding, tetratricopeptide repeat 
Od06g07490 Predicted Protein 
Od07g00790 Protein binding 
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Od07g02000 Probable Inactive Shikimate Kinase Like 2, Chloroplastic 
Od07g02150 Zinc Finger CCHC Domain-Containing Protein 
Od07g02520 Predicted Protein 
Od08g00510 Peptidase 
Od08g00630 Unnamed Product 
Od09g00050 Predicted Protein 
Od09g00560 Sulfite Oxidase-Like Oxidoreductase 
Od09g00980 Predicted Protein 
Od09g01600 Predicted Protein 
Od09g01870 Predicted Protein 
Od09g02220 Membrane component 
Od09g02940 U5 Small Nuclear Ribonucleoprotein 
Od09g03610 Unnamed Product 
Od09g03870 Pantoate-beta-alanine ligase, amino acid synthesis 
Od09g06200 Unnamed Product 
Od10g00310 Predicted Protein 
Od11g02310 Serine-threonine/tyrosine-protein kinase catalytic domain 
Od11g02910 Unnamed Product 
Od12g01140 Unnamed Product 
Od12g03860 Unnamed Product 
Od13g00600 RNA binding domain containing protein 
Od13g00740 Protein serine/threonine phosphatase activity 
Od13g02150 Unnamed Product, membrane 
Od14g01420 Protein folding, armadillo/beta-catenin-like repeat containing 
Od15g00340 Fatty acyl-CoA-binding domain 
Od15g00730 Tyrosine/serine/threonine phosphatase  
Od15g01360 Unnamed Product 
Od16g00400 Tetrahydrobiopterin biosynthetic process 
Od16g01360 Membrane component 
Od16g01540 Predicted Protein 
Od17g00960 RNA binding 
Od20g01670 Predicted Protein, nucleic acid binding 
Od20g01770 Ankyrin Repeat, protein binding 
Od20g02620 Predicted Protein, ribosome component 
 
 RCC809 genes which increased expression in blue light compared to both red and green light 

  

Gene Description 

Od01g00210 DNA Photolyase Activity 

Od15g01260 5'-3' Exonuclease Family, DNA Repair 

Od16g01180 Acetylhydrolase, Lipid Catabolic Process 

Od17g00090 Amino Acid Transmembrane Transport, Tryptophan/Tyrosine  

Od01g06580 Aminoacyl-TRNASynthetase, Protein Synthesis 

Od19g00920 ATPase, Plasma-Membrane Proton-Efflux P-Type 

Od01g03480 Calcium Binding Protein, Transmembrane Import 

Od10g00970 Calcium Transport Mitochondrial, Wd40 Repeat 

Od06g01820 Carbohydrate-Binding Family, Glucan 1,4-Alpha-Glucosidase 

Od12g01220 Carboxylic Ester Hydrolase Domain 
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Od14g01080 

Cell Cycle Dependent Kinase B, Cell Division (Serine/Threonine-Protein Kinase, 

Active Site) 

Od02g03200 Chloramphenicol Acetyltransferase Domain 

Od01g01950 Chromatin Binding Domain 

Od20g01170 Cobalamin Adenosyltransferase-Like Superfamily 

Od14g03010 Condensin Complex, Mitotic Chromosome Condensation 

Od14g00920 Cysteine Protease 

Od11g01050 Dehydrogenase, Nucleobase Biosynthesis 

Od15g00900 DNA Base Excision Repair 

Od02g00320 DNA Methylation, Methyltransferase 

Od06g06580 DNA Mismatch Repair Protein, Muts-Like 

Od11g01550 DNA Recombination Domain 

Od04g03210 DNA Repair Protein, Mitotic Recombination, Helicase 

Od01g06420 Fatty Acid Hydrolase, Acyl-Coa Thioesterase 

Od12g03130 Glycoside Hydrolase, Carbohydrate Catabolism 

Od11g02930 Had-Ib Family Hydrolase, Phosphatase Activity 

Od11g00130 Histone Acetyltransferase, Chromatin Organization 

Od09g06110 Histone Deacetylase, Transcription Regulation 

Od01g02860 Histone H3, DNABinding 

Od17g00420 Kh Domain, mRNA-Binding, Regulation Of Gene Expression 

Od17g01120 Kinesin-Like, Microtubule Motor Activity 

Od09g01340 Kinesin, Microtubule Activity P-Loop Containing 

Od06g02230 Malate Dehydrogenase, Mitochondrial, Tca Cycle 

Od14g02600 Microtubule Binding Protein Involved In Cell Cycle Control 

Od09g00660 Microtubule Binding, Prc-Barrel-Like 

Od19g00750 Mitochondrial Carrier, Ion Transport, Glycine Predicted 

Od20g02780 mRNASplicing, Luc7-Related 

Od04g05220 Mscs Family Transport, Ion Channel 

Od13g02570 Myosin Class Ii Heavy Chain, Likely Cell Division Related 

Od05g02520 Myosin Class Ii Heavy Chain, Membrane Transport 

Od03g02690 Nitrogen Compound Transport, BCCT 

Od11g01460 Nucleotide Binding, D-Amino Acid Oxidase 

Od12g00150 Oxoglutarate/Iron-Dependent Dioxygenase, DNA Repair 

Od06g00540 P-Loop Nucleoside Hydrolase, Possible Replication Factor  

Od13g01200 Peptidase, Calcium-Dependent Cysteine-Type 

Od06g04940 Peptidyl-Prolyl Cis-Trans Isomerase, Protein Folding 

Od02g03320 Phosphatase, Positive Cell Cycle Regulation G2/M Phase 

Od07g02950 Phosphatidyltransferase, Phospholipid Biosynthetic Process 

Od13g02790 Potassium Ion Transmembrane Transport 

Od11g01890 Primase, Large Subunit, DNA Replication 

Od08g03230 Protein Binding, Ankyrin Repeat 

Od12g00120 Protein Kinase 

Od20g02320 Protein Modification, Peptide:N-Glycanase 

Od02g00970 Protein Modifying Enzyme, Ion Channel Domain, Oxioreductase 

Od01g01190 Pyruvate Dehydrogenase (Acetyl-Transferring)  

Od16g00890 Rhodopsin-Like Gpcr (G Protein-Coupled Receptor) 
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Od03g01070 Ribonuclease H-Like Domain 

Od12g02990 Ribonuclease HII 

Od06g01410 Ribosomal RNA Methyltransferase 

Od11g02410 RNA-Binding Protein 

Od16g00280 Serine Hydroxymethyltransferase  

Od04g04760 Serine/Threonine Protein Kinase, Phosphorylation 

Od02g03690 Serine/Threonine-Protein Kinase 24 

Od06g05210 Shugoshin, C-Terminal, Meiotic Chromosome Segregation 

Od03g01340 Solute Membrane Transport 

Od11g00340 Start Domain-Containing Protein, Lipid Binding 

Od19g00730 Superoxide Dismutase Cu-Zn, Ion Binding 

Od19g00740 Superoxide Dismutase Cu-Zn, Ion Binding 

Od19g00350 Tesmin/Tso1-Like Domain, Transcription Regulation, May Be Negative Regulation 

Od06g02440 Transcription Factor IIb, Recruits RNA Pol II 

Od05g04810 Transmembrane Protein, Ion Channel 

Od05g01080 tRNA Modification (Guanine-N(7)-)-Methyltransferase 

Od01g06640 Voltage-Dependent Potassium Channel, Transmembrane 

Od14g03150 Wd40 Repeat-Containing, Chromatin Binding, Regulatory 

Od17g00150 Zinc Finger CCCH-Type, RNA Binding, Regulation of Expression 

Od01g00560 Predicted Protein 

Od01g00580 Predicted Protein, Protein Binding 

Od01g00800 WD Repeat Domain-Containing Protein 83 

Od01g00810 Kr Domain-Containing Protein 

Od01g00970 Unnamed Product 

Od01g01160 Predicted Protein 

Od01g01230 Predicted Protein 

Od01g01310 Predicted Protein 

Od01g01640 Putative Peptide Methionine Sulfoxide Reductase Msrb 

Od01g01650 Predicted Protein, Chitin Binding 

Od01g02300 Thymidine Kinase, Cytosolic 

Od01g02570 Predicted Protein 

Od01g02820 Sister Chromatid Cohesion 1 Protein 1 

Od01g02880 Predicted Protein, Proteolysis 

Od01g03410 Predicted Protein, Ion Binding 

Od01g03470 Membrane Component 

Od01g03680 Predicted Protein, Hydrolase 

Od01g03690 Glycoside Hydrolase Family 13 Protein 

Od01g03970 Unnamed Product 

Od01g04620 Membrane Component 

Od01g04670 Membrane Component 

Od01g04760 Unnamed Product 

Od01g04830 Unnamed Product 

Od01g04880 ATP-Dependent Clp Protease Proteolytic Subunit 

Od01g04930 Predicted Protein, RNA Binding 

Od01g05030 Membrane Component 

Od01g05260 Unnamed Product 
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Od01g05270 Unnamed Product 

Od01g05320 RNA Binding 

Od01g05390 Otu Family Cysteine Protease 

Od01g05400 Predicted Protein, Acetyl-CoA Transport 

Od01g05590 Predicted Protein, tRNA Methylation 

Od01g05600 Uncharacterized Calcium-Binding Protein 

Od01g05760 DNA Repair Protein Rad50 

Od01g06230 Predicted Protein, DNA Damage Checkpoint 

Od01g06620 Denn Domain and WD Repeat-Containing Protein Scd1 

Od01g06650 Unnamed Product 

Od01g06790 Membrane Component 

Od01g06980 Malic Enzyme 

Od01g07020 Potassium Ion Transporter 

Od02g00150 Predicted Protein 

Od02g00160 Membrane Component 

Od02g00200 Predicted Protein 

Od02g00280 Predicted Protein, Microtubule 

Od02g00310 Nucleosome 

Od02g00430 Peptidyl-Prolyl Cis-Trans Isomerase Pasticcino1 

Od02g00880 Unnamed Product 

Od02g02690 Probable Histone H2A Variant 3 

Od02g03170 Membrane Component 

Od02g03540 Predicted Protein 

Od02g03580 Unnamed Product 

Od02g03670 Predicted Protein, Ferroxidase Activity 

Od02g03870 Predicted Protein 

Od02g03890 Condensin Complex Component, Non-Smc Subunit 

Od02g04230 Chloroplast Thylakoid Membrane 

Od02g04350 Membrane Component 

Od02g04480 Ribosome Recycling Factor 

Od02g04740 Predicted Protein 

Od02g04830 Predicted Protein, Hydrolase 

Od02g04950 50S Ribosomal Protein L9 

Od03g00260 Predicted Protein 

Od03g00630 Predicted Protein, tRNA Binding 

Od03g01380 Predicted Protein, DNA Replication 

Od03g01590 Membrane Component 

Od03g01650 Predicted Protein, Protein Binding 

Od03g02120 Protein Gfs12 Isoform X3 

Od03g02830 Predicted Protein 

Od03g02870 DNA Helicase Activity 

Od03g03030 Membrane Component 

Od03g03140 Predicted Protein 

Od03g03160 Predicted Protein, Carbohydrate Metabolism 

Od03g03210 Membrane Component 

Od04g00010 Predicted Protein, Methyltransferase Activity 
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Od04g00100 Membrane Component 

Od04g00260 Predicted Protein, Chromatin Binding 

Od04g00270 Predicted Protein, Nuclease Activity 

Od04g00500 Faa Hydrolase Family Protein 

Od04g00640 Membrane Component 

Od04g00670 Predicted Protein, Microtubule 

Od04g00790 Predicted Protein, Spindle 

Od04g00830 Predicted Protein, DNAReplication 

Od04g01430 Predicted Protein, Kinase Activity 

Od04g01690 Prenylated Rab Acceptor Pra1 

Od04g01720 Predicted Protein, Gpi Anchor Attachment 

Od04g01850 NADP-Dependent Malic Enzyme 

Od04g02090 Predicted Protein, Fad Binding 

Od04g02770 Glycerophosphodiester Phosphodiesterase Gdpd4 

Od04g03140 Pgr5-Like Protein 1B, Chloroplastic 

Od04g03190 Membrane Component 

Od04g03500 Membrane Component 

Od04g03550 Ras-Related Protein Rab7 

Od04g03740 Unnamed Product 

Od04g03830 Ultraviolet-B Receptor Uvr8 Isoform X2 

Od04g04360 Predicted Protein, Cell Division 

Od04g04460 Putative Kinesin K39 

Od04g04730 Protein Ecdysoneless Homolog, Transcription 

Od04g04740 Predicted Protein, RNA Modification 

Od04g04750 Fanconi Anemia Group J -Like Protein 

Od04g04880 Structural Maintenance of Chromosomes Protein 2-1-Like 

Od04g05000 Membrane Component 

Od04g05020 Glycogen Synthase Kinase 3 

Od04g05040 Membrane Component 

Od04g05090 Thioredoxin Domain-Containing Protein 5 

Od04g05300 Predicted Protein, Protein Binding 

Od04g05310 Predicted Protein, PSII Related 

Od04g05390 Membrane Component 

Od05g00160 Predicted Protein 

Od05g00220 Predicted Protein, Protein Binding 

Od05g00350 Predicted Protein 

Od05g00600 Inner Centromere Protein, Ark-Binding Domain 

Od05g00700 Predicted Protein 

Od05g00890 Predicted Protein 

Od05g00920 Membrane Component 

Od05g01170 Membrane Component 

Od05g01230 Membrane Component 

Od05g01450 Predicted Protein, Kinase Activity 

Od05g01470 Predicted Protein 

Od05g01480 Protein Ros1-Like 

Od05g01850 Probable Citrate Synthase 2, Mitochondrial 
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Od05g01880 Unnamed Product 

Od05g03110 DNA Topoisomerase 6 Subunit B Isoform X1 

Od05g03260 Membrane Component 

Od05g03390 Membrane Component 

Od05g03930 Protein Serine/Threonine Kinase Activity 

Od05g04200 Guanine Nucleotide Exchange Factor Spike 1 

Od05g04620 Predicted Protein, dsDNA Binding 

Od05g04730 Predicted Protein, Glucose Metabolism 

Od05g04770 Unnamed Product 

Od05g04960 Predicted Protein, DNA Repair 

Od06g00130 Predicted Protein 

Od06g00230 Membrane Component 

Od06g00250 Predicted Protein, Heme Binding 

Od06g00290 Predicted Protein, Cell Division 

Od06g00520 Membrane Component 

Od06g00830 Membrane Component 

Od06g01240 Structural Maintenance of Chromosomes Protein 4 

Od06g01250 Predicted Protein, Methyltransferase Activity 

Od06g01270 Unnamed Product, Transferase Activity 

Od06g01470 Membrane Component 

Od06g01640 Predicted Protein 

Od06g01710 Ribulose-Phosphate 3-Epimerase 

Od06g02030 Peptide-Methionine (S)-S-Oxide Reductase 

Od06g02210 Membrane Component 

Od06g02430 Predicted Protein 

Od06g02450 Predicted Protein 

Od06g02660 Predicted Protein, Hydrolase 

Od06g02850 Proliferating Cell Nuclear Antigen, DNA Replication 

Od06g02880 Predicted Protein 

Od06g03060 Pyrimidine 5'-Nucleotidase 

Od06g03090 Predicted Protein, Kinase Activity 

Od06g03190 Predicted Protein 

Od06g03670 Snf2 Super Family 

Od06g03940 Acyltransferase 

Od06g04090 Predicted Protein, Protein Binding 

Od06g04270 Predicted Protein 

Od06g04290 Polyphosphate Kinase 2 

Od06g04320 Predicted Protein, DNA Replication 

Od06g04390 Predicted Protein, Oxidoreductase Activity 

Od06g04750 Phosphoserine Aminotransferase 

Od06g04890 Membrane Component 

Od06g04960 Membrane Component 

Od06g05070 Predicted Protein 

Od06g05680 Actin-Related Protein 2/3 Complex Subunit 2A 

Od06g06240 Predicted Protein, Ion Binding 

Od06g06390 Histone-Lysine N-Methyltransferase 
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Od06g06590 Predicted Protein, Mismatch Repair 

Od06g06640 Peptidase Family M3 Protein 

Od06g06820 Predicted Protein, Ion Binding 

Od06g07000 Predicted Protein 

Od06g07360 Predicted Protein 

Od06g07370 Membrane Component 

Od06g07410 Aldehyde Dehydrogenase 

Od06g07420 Predicted Protein 

Od06g07570 Predicted Protein 

Od07g00010 Predicted Protein 

Od07g00100 Photosystem II 22 Kda Protein, Chloroplastic 

Od07g00170 BCCT Transporter Family 

Od07g00180 BCCT Transporter Family 

Od07g00310 Membrane Component 

Od07g00400 Predicted Protein 

Od07g00480 Beta-Propeller Repeat Tecpr 

Od07g00510 Predicted Protein 

Od07g00820 Ion Binding 

Od07g00980 Duf1565 Domain-Containing Protein 

Od07g01740 Predicted Protein, Phosphorylation 

Od07g01860 Predicted Protein, Ion Binding 

Od07g02340 Membrane Component 

Od07g02550 Predicted Protein, Starch Metabolism 

Od07g02560 Probable Alpha-Amylase 2 

Od07g02670 Ribonuclease E/G 

Od07g02850 Membrane Component 

Od07g02890 Predicted Protein, Cell Division 

Od07g02910 Predicted Protein, Ion Binding 

Od07g03210 Membrane Component 

Od07g03280 Predicted Protein, Ion Binding 

Od07g03500 Predicted Protein, Starch Metabolism 

Od07g03640 Unnamed Product 

Od07g03710 E3 Ubiquitin-Protein Ligase Trim13 Isoform X1 

Od07g03850 Predicted Protein 

Od07g03870 Drug/Metabolite Transporter Superfamily 

Od07g04070 Growth Hormone-Regulated Tbc Protein 1-A 

Od07g04150 Maoc Family Dehydratase 

Od07g04240 Ankyrin Repeat Protein 

Od07g04510 Predicted Protein, Kinase Activity 

Od07g04620 Predicted Protein 

Od08g00070 Malate Dehydrogenase, Glyoxysomal 

Od08g00250 Unnamed Product 

Od08g00490 Ankyrin Repeat Protein, Protein Binding 

Od08g00520 Ribonucleoside-Diphosphate Reductase Small Chain 

Od08g00650 DNA Polymerase Alpha Catalytic Subunit 

Od08g00870 Predicted Protein 
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Od08g01230 Predicted Protein 

Od08g01280 Predicted Protein, DNA Binding 

Od08g01720 Queuine tRNA-Ribosyltransferase 

Od08g01730 DNA Repair Protein Rad51 Homolog 

Od08g01740 Predicted Protein, Nucleic Acid Binding 

Od08g01990 Molecular Chaperone Dnaj 

Od08g02000 Predicted Protein, Signal Transduction 

Od08g02120 WRKY Transcription Factor 20 Isoform X3 

Od08g02180 Membrane Component 

Od08g02560 Predicted Protein, DNA Recombination 

Od08g02850 Predicted Protein, Microtubule 

Od08g03260 Mitotic Spindle Checkpoint Protein Bubr1 

Od08g03280 Predicted Protein 

Od08g03580 Membrane Component 

Od08g03860 Predicted Protein, Protein Binding 

Od09g00150 Peptidyl-Prolyl Cis-Trans Isomerase B 

Od09g00260 Predicted Protein 

Od09g00310 Predicted Protein 

Od09g00390 Glycosyl Transferase 

Od09g00610 Predicted Protein, Nucleic Acid Binding 

Od09g00850 Zinc Finger C2H2-Type/Integrase DNA Binding Domain 

Od09g01150 Unnamed Product 

Od09g01260 Membrane Component, Signal Transduction 

Od09g01350 Nadh:Ubiquinone Oxidoreductase 

Od09g01360 Predicted Protein 

Od09g01440 Predicted Protein, Centromeric, Cell Cycle 

Od09g02120 Predicted Protein 

Od09g02300 Membrane Component 

Od09g02310 Domain Of Unknown Function Duf4050 

Od09g02770 Growth Hormone-Regulated Tbc Protein 1 

Od09g02820 Predicted Protein, Transport 

Od09g02830 Golgi Membrane Protein, Transport 

Od09g03260 Predicted Protein, Cell Cycle 

Od09g03330 Predicted Protein 

Od09g03510 Predicted Protein, Transport 

Od09g04670 Predicted Protein, Hydrolase 

Od09g04910 Cytochrome C Peroxidase 

Od09g05100 Predicted Protein 

Od09g05630 Membrane Component 

Od09g05770 Predicted Protein, Protein Binding 

Od09g05840 Predicted Protein, Lipid Binding 

Od09g05870 Predicted Protein, RNA Polymerase II Transcription Factor Activity 

Od09g05920 Predicted Protein, Serine/Threonine Kinase Activity 

Od09g06080 Predicted Protein 

Od09g06120 Predicted Protein 

Od09g06130 Peroxiredoxin, Bacteria-Like Protein 
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Od09g06210 Predicted Protein 

Od10g00450 Predicted Protein, Oxidoreductase Activity 

Od10g00720 Abc-2 Type Transporter 

Od10g00760 Nitrate Reductase 

Od10g00780 Adenylyltransferase And Sulfurtransferase Mocs3 

Od10g00880 Predicted Protein 

Od10g00890 Unnamed Product 

Od10g01020 Adp-Sugar Pyrophosphatase 

Od10g01130 Predicted Protein, Kinase Activity 

Od10g01260 Predicted Protein, Peptidase 

Od10g01390 Molecular Chaperone Htpg 

Od10g01650 Hypoxia-Inducible Factor 1-Alpha Inhibitor 

Od10g01870 Membrane Component 

Od10g01930 Membrane Component 

Od10g02090 Membrane Component 

Od10g02150 Unnamed Product 

Od10g02190 Bspa Family Leucine-Rich Repeat Surface Protein 

Od10g02330 Transmembrane Protein, Serine/Threonine Kinase Activity 

Od10g02340 Unnamed Product 

Od10g02380 Unnamed Product 

Od10g02550 Predicted Protein, Ion Binding 

Od11g00060 Aspartate Carbamoyltransferase 

Od11g00070 Mip Family Transporter: Water Channel 

Od11g00080 Predicted Protein, Transferase Activity 

Od11g00170 Violaxanthin De-Epoxidase 

Od11g00400 Predicted Protein, Biosynthetic Process 

Od11g00410 Predicted Protein, Ion Binding 

Od11g00490 Predicted Protein 

Od11g00680 17.8 Kda Class I Heat Shock Protein-Like 

Od11g00700 Membrane Component 

Od11g01100 Putative Kinesin K39 

Od11g01290 Kinesin-Like Calmodulin-Binding Protein 

Od11g01330 Predicted Protein 

Od11g01470 Predicted Protein 

Od11g01790 Voltage-Gated Ion Channel Superfamily 

Od11g01910 Glycogen Phosphorylase 1 

Od11g02480 DNA Polymerase Alpha Subunit B 

Od11g02550 Membrane Component 

Od11g02720 Predicted Protein, Protein Binding 

Od11g03030 Predicted Protein, Kinase Activity 

Od11g03070 Predicted Protein, Proteolysis 

Od11g03080 Type 1 Glutamine Amidotransferase Domain-Containing Protein 

Od11g03270 Nuclear Movement Protein, Putative 

Od11g03280 Membrane Component 

Od11g03720 Predicted Protein, Ion Binding 

Od11g03980 Tubby Like Protein 3 
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Od11g04240 Predicted Protein 

Od11g04450 Predicted Protein 

Od11g04460 Unnamed Product 

Od12g00030 Urease Accessory Protein G 

Od12g00040 Urease 

Od12g00100 Glutamate-Gated Ion Channel Neurotransmitter Receptor Family 

Od12g00110 Abc Transporter Type 1, Transmembrane Domain 

Od12g00130 Predicted Protein, Hydrolase 

Od12g00140 Membrane Component 

Od12g00160 Predicted Protein 

Od12g00180 Unnamed Product 

Od12g00290 Predicted Protein 

Od12g00470 DNA Repair And Recombination Protein Rad54 

Od12g00690 Predicted Protein, Methyltransferase Activity 

Od12g00850 Protein Fmp32, Mitochondrial-Like 

Od12g01020 Predicted Protein, Nucleic Acid Binding 

Od12g01040 Membrane Component 

Od12g01050 Unnamed Product 

Od12g01640 Histone H2A 

Od12g01680 Probable DNA Helicase Mcm8 

Od12g01750 Predicted Protein, Transferase Activity 

Od12g02080 Unnamed Product 

Od12g02090 Predicted Protein, Catalytic 

Od12g02100 Predicted Protein, Protein Binding 

Od12g02460 Glutathione S-Transferase, Putative 

Od12g02680 DNA Topoisomerase 1 Beta 

Od12g02690 Methyltransferase-Like Protein 16 

Od12g02800 Predicted Protein 

Od12g02860 Membrane Component 

Od12g03250 Serine/Threonine-Protein Kinase Edr1 

Od12g03340 Predicted Protein 

Od12g03470 Membrane Component 

Od12g03660 Predicted Protein 

Od12g03740 Predicted Protein, Transport 

Od12g03830 Predicted Protein, Ion Binding 

Od12g03840 Doxx Family Protein 

Od13g00080 ATP-Dependent Protease La 

Od13g00120 Predicted Protein, Methyltransferase Activity 

Od13g00190 Isocitrate Dehydrogenase 

Od13g00360 Predicted Protein, Nucleus 

Od13g00760 Mitochondrial Thiamine Pyrophosphate Carrier-Like 

Od13g01020 

Carotene Biosynthesis Related or Early Light Induced-Like Protein, Chloroplast 

Precursor. Oth95 Homologue Is Chlorophyll A/B Binding Protein 

Od13g01110 Predicted Protein 

Od13g01180 DNAPrimase Small Subunit Isoform X2 

Od13g01210 Predicted Protein 
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Od13g01540 Membrane Component 

Od13g01790 Predicted Protein 

Od13g01980 Yhyh Protein 

Od13g01990 Predicted Protein 

Od13g02310 Membrane Component 

Od13g02330 Predicted Protein 

Od13g02590 rRNA Processing 

Od13g02610 2-Isopropylmalate Synthase 

Od13g03060 Membrane Component 

Od14g00130 Unnamed Product 

Od14g00290 Membrane Component 

Od14g00390 Predicted Protein, Carbon Utilisation 

Od14g00640 Predicted Protein 

Od14g00700 Chlorophyllide A Oxygenase 

Od14g00740 Predicted Protein, DNA Binding Transcription Factor Activity 

Od14g00810 Unnamed Product 

Od14g00870 Predicted Protein 

Od14g00930 Predicted Protein 

Od14g00990 Tnf Receptor-Associated Factor 4 

Od14g01000 Predicted Protein, Serine/Threonine Kinase Activity 

Od14g01210 O-Acetylhomoserine Aminocarboxypropyltransferase/Cysteine Synthase 

Od14g01240 Unnamed Product 

Od14g01660 Predicted Protein, Serine/Threonine Kinase Activity 

Od14g02010 Predicted Protein, Actin Binding 

Od14g02450 Luxr Family Transcriptional Regulator 

Od14g02480 Predicted Protein, Methyltransferase Activity 

Od14g02670 Vacuolar Protein Sorting-Associated Protein 9A-Like 

Od14g02680 Thylakoid Membrane Protein Terc, Chloroplastic 

Od14g02780 Predicted Protein 

Od14g02910 Predicted Protein 

Od14g02920 Predicted Protein, Transferase Activity 

Od14g03310 Membrane Component 

Od14g03320 Unnamed Product 

Od15g00100 Predicted Protein 

Od15g00150 Predicted Protein 

Od15g00200 Unnamed Product 

Od15g00210 Alpha-Ketoglutarate-Dependent Dioxygenase Alkb Homolog 6 

Od15g00350 Transmembrane and Coiled-Coil Domain-Containing Protein 4-Like 

Od15g00600 Zinc Transporter Zip3 

Od15g00790 Predicted Protein, Cell Division 

Od15g00840 Predicted Protein 

Od15g00850 Predicted Protein 

Od15g00940 Udp-Glycosyltransferase Turan-Like 

Od15g01180 Predicted Protein, Hydrolase 

Od15g01270 Membrane Component 

Od16g00040 Membrane Component 
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Od16g00070 Membrane Component 

Od16g00130 Predicted Protein, Nuclease Activity 

Od16g00170 Deoxyuridine 5'-Triphosphate Nucleotidohydrolase 

Od16g00290 Serine Hydroxymethyltransferase 

Od16g00380 2,5-Didehydrogluconate Reductase 

Od16g00730 Membrane Component 

Od16g01060 Dead/Deah Box Helicase 

Od16g01220 Predicted Protein, Kinase Activity 

Od16g01550 Membrane Component 

Od16g01850 Non-Histone Chromosomal Protein 6 

Od16g01870 Predicted Protein, Transport 

Od16g01980 Membrane Component 

Od16g02330 Predicted Protein 

Od16g02450 Predicted Protein 

Od16g02460 14-3-3 Protein Epsilon Isoform X2 

Od16g02500 Predicted Protein 

Od16g02570 Type Iii Effector 

Od17g00240 Predicted Protein 

Od17g00270 Chromosome Transmission Fidelity Protein 18 Homolog 

Od17g00780 Predicted Protein, Ion Binding 

Od17g00920 Exodeoxyribonuclease III 

Od17g00980 Predicted Protein, Transferase Activity 

Od17g01040 Formate--Tetrahydrofolate Ligase 

Od17g01170 Voltage-Gated Ion Channel Superfamily 

Od17g01280 Predicted Protein, Histone Acetyltransferase Activity 

Od17g01290 Serine/Threonine-Protein Kinase Ctr1-Like Isoform X1 

Od17g01360 Predicted Protein, Transcription Factor Complex 

Od17g01560 Replication Protein A 70 Kda DNABinding Subunit B 

Od17g01800 Predicted Protein 

Od17g02170 Unnamed Product 

Od17g02180 Ribulose-Phosphate 3-Epimerase 

Od17g03010 Membrane Component 

Od19g00090 ATP-Binding Cassette Superfamily 

Od19g00300 Unnamed Product 

Od19g00370 Predicted Protein 

Od19g00380 Membrane Component 

Od19g00570 Arp2/3 Complex, 21Kda Subunit (P21-Arc) 

Od19g00930 Pentapeptide Repeat-Containing Protein 

Od19g00990 Membrane Component 

Od19g01000 Membrane Component 

Od19g01100 Predicted Protein, Cell Division 

Od19g01210 Predicted Protein, Protein Binding 

Od19g01270 Predicted Protein 

Od20g00040 Predicted Protein, Hydrolase 

Od20g00250 Predicted Protein 

Od20g00270 Small Conductance Mechanosensitive Ion Channel Family 
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Od20g00280 Predicted Protein 

Od20g00290 Predicted Protein, Starch Metabolism 

Od20g00380 Peptidyl-Prolyl Cis-Trans Isomerase 

Od20g00460 7,8-Dihydro-8-Oxoguanine Triphosphatase-Like, DNA Repair 

Od20g00470 Predicted Protein 

Od20g00710 Predicted Protein, Ion Binding 

Od20g00930 Predicted Protein, Electron Transport 

Od20g01140 Predicted Protein, DNA Replication 

Od20g01260 Tkl Protein Kinase 

Od20g01510 Synaptotagmin-8 

Od20g01580 Unnamed Product 

Od20g01710 Predicted Protein, Transferase Activity 

Od20g01820 Predicted Protein, Replication Fork 

Od20g01910 Predicted Protein 

Od20g01930 Laminin-Type Egf-Like Protein 

Od20g02070 Protein Rkd5-Like Isoform X1 

Od20g02080 Membrane Component 

Od20g02360 Wash Complex Subunit 7 

Od20g02460 Predicted Protein 

Od20g02870 Predicted Protein 

Od20g02900 Predicted Protein, Nuclear 

Od20g03400 Predicted Protein 

 

 RCC809 genes which decreased expression in red light compared to both green and blue light 

Gene Description 

Od03g00090 Predicted protein, nucleoside catabolism 

Od04g01520 Predicted protein, histone acetyltransferase complex 

Od05g04090 Cupin 

Od06g00340 Unnamed product 

Od09g00990 Membrane component 

Od09g04040 Abi-domain-containing protein 

Od09g05470 Membrane component 

Od10g02190 BspA family leucine-rich repeat surface protein 

Od10g02380 Unnamed product 

Od12g00240 Predicted protein, phosphorelay signal transduction system 

Od14g00130 Unnamed product 

Od14g01220 Membrane component 

Od17g00110 Membrane component 

Od17g03230 Membrane component 

 

 

 
RCC809 genes which decreased expression in green light compared to both red and blue light 
Gene Description 
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Od01g00560 Predicted Protein, Nucleus 
Od01g01440 Predicted Protein, Glucose Metabolism 

Od01g01560 
RNA Polymerase II Regulatory Region Sequence-Specific DNA 

binding 
Od01g01690 Glutamine Synthetase, Catalytic Domain Protein  
Od01g03410 Predicted Protein, Ion Binding 
Od01g03690 Glycoside Hydrolase Family 13 Protein 
Od01g04120 Predicted Protein, Protein Binding 
Od01g04130 Predicted Protein, DNA Ligase 
Od01g04280 Predicted Protein, Lipid Binding 
Od01g04460 DNA Replication Licensing Factor Mcm6 
Od01g06400 Predicted Protein 
Od02g00040 Fatty Acid Desaturase 
Od02g00280 Predicted Protein, Microtubule 
Od02g01320 DNA Replication Licensing Factor Mcm7 
Od02g01330 DNA Replication Licensing Factor Mcm7 
Od02g01450 DNA Excision Repair Protein Ercc-1 
Od02g02010 Arginyl-TRNA Synthetase 
Od02g02310 DNA Replication Licensing Factor Mcm3 
Od02g02480 Predicted Protein, Protein Binding 
Od02g02690 Probable Histone H2A Variant 3 
Od02g02740 WD Repeat-Containing Protein 5 
Od02g03110 Predicted Protein, Iron Binding 
Od02g03540 Predicted Protein 
Od02g04150 Predicted Protein, Transferase 
Od02g04480 Ribosome Recycling Factor 
Od02g04950 50S Ribosomal Protein L9 
Od02g05030 Predicted Protein 
Od03g00630 Predicted Protein, TRNA Binding 
Od03g01220 Predicted Protein 
Od03g01340 Xylulose 5-Phosphate/Phosphate Translocator, Chloroplastic-Like 
Od03g01440 Abc Transporter ATP-Binding Protein 
Od03g01650 Predicted Protein, Protein Binding 
Od03g02610 Predicted Protein 
Od03g03160 Predicted Protein, Carbohydrate Metabolism 
Od04g00110 Putative Sac Domain-Containing Inositol Phosphatase 3 
Od04g00260 Predicted Protein, Chromatin Binding 
Od04g00670 Predicted Protein, Microtubule Binding 
Od04g00830 DNA Replication Initiation 
Od04g01430 Predicted Protein, Kinase Activity 
Od04g02130 Predicted Protein, Terpenoid Biosynthesis 
Od04g03180 Membrane Component 
Od04g03190 Membrane Component 
Od04g04360 DNA Binding, Cell Division 
Od04g04790 Predicted Protein, Iron Binding 
Od04g04960 Predicted Protein, DNA Recombination 
Od05g00150 Replication Factor C Subunit 3 
Od05g00220 Predicted Protein, Protein Binding 
Od05g00470 Peptidyl-Prolyl Cis-Trans Isomerase, Chloroplastic 
Od05g01200 Uroporphyrinogen Decarboxylase Isoform 1 
Od05g01450 Predicted Protein, Kinase Activity 

Od05g02890 
Bifunctional Dihydrofolate Reductase, Tetrahydrofolate Biosynthetic 

Process 
Od05g03090 Membrane Component 
Od05g03110 DNA Topoisomerase 6 Subunit B Isoform X1 
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Od06g01240 Structural Maintenance of Chromosomes Protein 4 
Od06g01250 Predicted Protein, Methyltransferase 
Od06g01270 Membrane Component 
Od06g01470 Membrane Component, Protein Binding 
Od06g02030 Peptide-Methionine (S)-S-Oxide Reductase 
Od06g02850 Proliferating Cell Nuclear Antigen, Regulation of DNA Replication 
Od06g03670 Snf2 Super Family 
Od06g03710 Predicted Protein, Chloroplast Thylakoid Membrane 
Od06g04370 Nit2-Like Protein 1, Translation Initiation Factor Activity 
Od06g04690 Nucleobase:Cation Symporter-1 Family 
Od06g05070 Predicted Protein 
Od06g05360 Dihydroxy-Acid Dehydratase 
Od06g06590 Predicted Protein, DNA Mismatch Repair 
Od06g06820 Predicted Protein, Ion Binding 
Od07g00180 BCCT Transporter Family 
Od07g00400 Predicted Protein 
Od07g00480 Beta-Propeller Repeat Tecpr 
Od07g01660 Predicted Protein, Electron Transport 
Od07g02180 50S Ribosomal Protein L21 
Od07g02560 Probable Alpha-Amylase 2 
Od07g02720 Rubisco Binding Protein Subunit Beta 
Od07g02850 Membrane Component 
Od07g02890 Predicted Protein, Cell Division 
Od07g02910 Predicted Protein, Ion Binding 
Od07g02920 Myb Family Protein 
Od07g02940 Predicted Protein, Double Strand Break Repair 
Od07g03280 Predicted Protein, Ion Binding 
Od07g04620 Predicted Protein 
Od08g00090 Membrane Component 
Od08g00450 Predicted Protein, RRNA Modification 
Od08g00650 DNA Polymerase Alpha Catalytic Subunit 
Od08g00870 Predicted Protein 
Od08g01500 Ap-3 Complex Subunit Mu-1 
Od08g01820 50S Ribosomal Protein L1 
Od08g01830 Predicted Protein 
Od08g03860 Predicted Protein, Protein Binding 
Od09g00150 Peptidyl-Prolyl Cis-Trans Isomerase B 
Od09g02120 Predicted Protein 
Od09g02300 Membrane Component 
Od09g03960 Predicted Protein, Fatty Acid Biosynthesis 
Od09g05820 Predicted Protein, Heme Binding 
Od09g06120 Predicted Protein 
Od10g00330 Predicted Protein, Membrane Transport 
Od10g00340 Predicted Protein, Oxidoreductase 
Od10g00760 Nitrate Reductase 
Od10g00820 Nitrate Transporter 
Od10g00830 Predicted Protein, Nitrate Transport 
Od10g00840 Ferredoxin--Nitrite Reductase, Chloroplastic 
Od10g01390 Molecular Chaperone Htpg 
Od10g01480 DNA Replication ATP-Dependent Helicase/Nuclease Dna2 Isoform X1 
Od10g02310 Membrane Component 
Od10g02430 Unnamed Product 
Od10g02460 Predicted Protein, Endonucleolytic 
Od11g00060 Aspartate Carbamoyltransferase 
Od11g00070 Mip Family Transporter: Water Channel 
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Od11g01110 Predicted Protein 
Od11g01290 Kinesin-Like Calmodulin-Binding Protein, Microtubule Activity 
Od11g01330 Predicted Protein 
Od11g01890 DNA Primase Large Subunit 
Od11g01950 Unnamed Product 
Od11g02480 DNA Polymerase Alpha Subunit B 
Od12g00100 Glutamate-Gated Ion Channel Neurotransmitter Receptor Family 
Od12g00120 Predicted Protein, Kinase Activity 
Od12g00290 Predicted Protein 
Od12g00470 DNA Repair and Recombination Protein Rad54 
Od12g02680 DNA Topoisomerase 1 Beta 
Od12g03190 K(+) Efflux Antiporter 2, Chloroplastic-Like 
Od13g01180 DNA Primase Small Subunit Isoform X2 
Od13g01200 Predicted Protein, Cysteine-Type Endopeptidase Activity 
Od13g01310 Membrane Component 
Od13g01890 Predicted Protein, Protein Peptidyl-Prolyl Isomerization 
Od13g01900 Predicted Protein, Protein Peptidyl-Prolyl Isomerization 
Od13g01990 Predicted Protein 
Od13g02290 Predicted Protein, Electron Transport 
Od14g00170 50S Ribosomal Protein L4 
Od14g01080 Predicted Protein, Cell Division 
Od14g01310 Predicted Protein 
Od14g01990 Membrane Component 
Od14g02580 50S Ribosomal Protein L6, Chloroplastic 
Od14g02780 Predicted Protein 
Od14g03310 Membrane Component 
Od15g00600 Zinc Transporter Zip3 
Od15g01270 Membrane Component 
Od16g00280 Serine Hydroxymethyltransferase 3, Chloroplastic 
Od16g00900 Predicted Protein, Hydrolase 
Od16g01770 39S Ribosomal Protein L46, Mitochondrial 
Od16g01980 Membrane Component 
Od16g02460 14-3-3 Protein Epsilon Isoform X2 
Od17g00030 Elmo Domain-Containing Protein A 
Od17g00240 Predicted Protein 
Od17g00370 Duf262 Domain-Containing Protein 
Od17g01040 Formate--Tetrahydrofolate Ligase 
Od17g01560 Replication Protein A 70 Kda DNA Binding Subunit B 
Od17g01800 Predicted Protein 
Od17g02180 Ribulose-Phosphate 3-Epimerase 
Od17g03010 Membrane Component 
Od17g03020 DNA Replication, Helicase Activity 
Od19g00150 Membrane Component 
Od19g00350 Tesmin/Tso1-Like Cxc Domain-Containing Protein 
Od19g00370 Predicted Protein 
Od19g01000 Membrane Component 
Od20g00270 Small Conductance Mechanosensitive Ion Channel Family 
Od20g00460 7,8-Dihydro-8-Oxoguanine Triphosphatase-Like, DNA Repair 
Od20g01140 Predicted Protein, DNA Replication Initiation 
Od20g01510 Synaptotagmin-8 
Od20g02070 Protein Rkd5-Like Isoform X1, Regulation Of Transcription 
 

 
RCC809 genes which decreased expression in blue light compared to both red and green light 
Gene Description 
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Od01g00470 Predicted Protein, Protein Binding 
Od01g00600 Transferase 
Od01g00700 Predicted Protein 
Od01g00710 Predicted Protein 
Od01g00820 Vacuolar Transport 
Od01g00910 MRNA Binding 
Od01g01020 Porphyrin chlorophyll biosynthesis 
Od01g01080 Predicted Protein, Protein Binding 
Od01g01210 Cytochrome P450 
Od01g01400 Predicted Protein 
Od01g01520 Single-Stranded DNA Binding Protein, DNA Replication 
Od01g01970 Protein Lsd1-Like Isoform X1 
Od01g02120 Transcription factor activity, DNA binding AP2/ERF domain 
Od01g02310 Alpha/Beta Hydrolase 
Od01g02410 Membrane Component 
Od01g02970 Dynamin, membrane remodelling 
Od01g03140 Aspartate family amino acid biosynthetic process 
Od01g03200 Mitochondrial Carrier Family 
Od01g03210 Prasinophyte-specific protein, likely transport related 
Od01g03260 Unnamed Product 
Od01g03440 Acetyl-COA Carboxylase 
Od01g03660 Predicted Protein 
Od01g04550 Amino Acid Metabolism 
Od01g04650 Porphobilinogen synthase 
Od01g04970 Unnamed Product 
Od01g04990 Mfs Transporter 
Od01g05070 Membrane Component 
Od01g05190 Predicted Protein, Acyl Transferase 
Od01g05230 Heme Binding 
Od01g05480 Enolase 
Od01g05730 Chloroplast Stroma 
Od01g06140 Ankyrin Repeat Protein, Protein Binding 
Od01g06170 Predicted Protein 

Od01g06190 
H+-Or Na+-Translocating F-Type, V-Type And A-Type Atpase, Chloroplast 

Membrane 
Od01g06380 3-Isopropylmalate Dehydratase 
Od01g06560 Predicted Protein 
Od01g07060 Predicted Protein 
Od02g00070 Mfs Transporter 
Od02g00080 Mfs Transporter 
Od02g00190 Predicted Protein 
Od02g00480 Predicted Protein 
Od02g00530 Molecular Chaperone DNAJ 
Od02g00710 Predicted Protein, Chloroplast Membrane 
Od02g01370 Monogalactosyldiacylglycerol transferase, glycolipid biosynthesis 
Od02g01610 Tubulin Gamma-1 Chain 
Od02g01640  1-Deoxy-D-Xylulose-5-Phosphate Synthase, Terpenoid Biosynthesis 
Od02g01720 Unnamed Product 
Od02g01730 Bifunctional Aconitate Hydratase 2/2-Methylisocitrate Dehydratase 
Od02g01760 Unnamed Product 
Od02g01840 Luminal-Binding Protein 
Od02g02250 Redox-Regulated ATPase Ychf 
Od02g02530 Magnesium-protoporphyrin IX chelatase, porphyrin biosynthesis 
Od02g02590 DNA directed RNA polymerase, zinc finger, TFIIS-type 
Od02g02800 Predicted Protein, Transferase 
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Od02g02880 Clp protease 
Od02g02890 ATP-Dependent Clp Protease Proteolytic Subunit-Related Protein 3, Chloroplastic 
Od02g02950 Clp protease  
Od02g02960 ATP-Dependent Clp Protease Proteolytic Subunit-Related Protein 4, Chloroplastic 
Od02g03030 Protein Binding, Chloroplast Import, Response To Light 
Od02g03130 9-Cis-Epoxycarotenoid Dioxygenase 
Od02g03280 Predicted Protein 
Od02g03500 Predicted Protein 
Od02g03840 Predicted Protein, NADP Biosynthetic Process 
Od02g03960 Unnamed Product 
Od02g04020 Protein Serine/Threonine Kinase Activity 
Od02g04030 Predicted Protein 
Od02g04110 Aminoacyl TRNA Synthase Complex-Interacting  
Od02g04200 50S Ribosomal Protein L24 
Od03g00700 Predicted Protein 
Od03g00760 Predicted Protein 
Od03g01080 Light Induced Like Protein, Chloroplast Membrane 
Od03g01170 Phosphatidylinositol Phosphorylation 
Od03g01260 Aquaporin Aqpae.A 
Od03g01290 Predicted Protein 
Od03g01710 Predicted Protein 
Od03g01850 Unnamed Product 
Od03g01930 F0F1 Atp Synthase Subunit Alpha 
Od03g02030 Dihydrolipoyllysine-Residue Acetyltransferase, Chloroplastic 
Od03g02190 Cycloartenol Synthase 
Od03g02200 1,4-Alpha-Glucan-Branching Enzyme 2-2, Chloroplastic/Amyloplastic Isoform X1 
Od03g02230 Predicted Protein, DNA Binding 
Od03g02310 Myb Transcription Factor 
Od03g02360 Predicted Protein, Proteasome Complex 
Od03g02370 Proteasome-Associated Protein Ecm29 Homolog Isoform X1 
Od03g02850 Fructose-1,6-bisphosphatase 
Od03g02930 Splicing Factor 3B Subunit 1-Like 
Od03g03040 Predicted Protein, rRNA Binding 
Od03g03050 Unnamed Product 
Od04g00140 Predicted Protein 
Od04g00330 Predicted Protein 
Od04g00340 T9Ss C-Terminal Target Domain-Containing Protein 
Od04g00460 Predicted Protein, DNA Binding Transcription Factor Activity 
Od04g00520 Predicted Protein, RNA Splicing 
Od04g00660 Dihydrolipoyl Dehydrogenase 
Od04g00690 Predicted Protein 
Od04g00700 DNA Binding 
Od04g00720 Predicted Protein, Branched-Chain Amino Acid Biosynthetic Process 
Od04g00730 Alanyl-tRNA Synthetase 
Od04g01170 Unnamed Product 
Od04g01340 Dicarboxylate Transporter 2.1, Chloroplastic-Like 
Od04g01470 Ornithine Decarboxylase 
Od04g01620 Predicted Protein 
Od04g01630 Membrane protein, ion channel 
Od04g01770 Predicted Protein 

Od04g01800 
CCT (CONSTANS, CO-like, and TOC1) domain, often involved in light 

signalling  
Od04g01890 Predicted Protein, Fatty Acid Metabolism 
Od04g01900 Predicted Protein, Lipid Metabolism 
Od04g01950 Histone Acetyltransferase 
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Od04g02010 Predicted Protein 
Od04g02180 Npl4-Like Protein 1 
Od04g02270 Predicted Protein 
Od04g02360 Predicted Protein 
Od04g02450 Proline Dehydrogenase 
Od04g02510 Dof-Like Transcription Factor 
Od04g02530 Predicted Protein 
Od04g02650 Predicted Protein 
Od04g02810 Predicted Protein 
Od04g02820 Rubisco Activase 
Od04g02890 Glycoside Hydrolase Family 31 Protein 
Od04g02910 Predicted Protein 
Od04g02960 Ycf3-Interacting Protein 1, Chloroplastic 
Od04g03220 Magnesium Chelatase Subunit H 
Od04g03290 Predicted Protein 
Od04g03380 Predicted Protein 
Od04g03730 Unnamed Product 
Od04g03820 Sugar Phosphate Exchanger 3 
Od04g05010 Predicted Protein 
Od04g05170 Ankyrin Repeat, Protein Binding 
Od04g05330 Predicted Protein, Translation 
Od04g05340 Predicted Protein, Translation 
Od05g00090 GTP cyclohydrolase, tetrahydrofolate biosynthetic process  
Od05g00580 Ammonium Transporter 
Od05g00590 Ammonium Transporter 
Od05g00680 Psbb MRNA Maturation Factor Mbb1, Chloroplast Precursor 
Od05g00710 Membrane Component 
Od05g01030 Membrane Component 
Od05g01130 Predicted Protein 
Od05g01280 Inner Membrane Protein Ppf-1, Chloroplastic 
Od05g01350 Porphobilinogen deaminase, tetrapyrrole biosynthesis 
Od05g01370 Predicted Protein, Nucleic Acid Binding 
Od05g01720 Dmt Family Transporter: Phosphate/Phosphoenolpyruvate 
Od05g01780 DNA Replication Licensing Factor, MCM5 Component (Iss) 
Od05g01890 Membrane Component 
Od05g01900 3-dehydroquinate synthase, aromatic amino acid biosynthesis 
Od05g01980 DNA RNA-Binding Protein Alba-Like 
Od05g02220 RNA Binding 
Od05g02290 DNA Binding Transcription Factor 
Od05g02490 Kinase Activity 
Od05g02660 Glycylpeptide N-Tetradecanoyltransferase 1 
Od05g02670 Transmembrane Protein 184A-Like 
Od05g03200 Glycoside Hydrolase Family 31 Protein 
Od05g03380 Negative Regulation Of Transcription By RNA Polymerase III 
Od05g03520 Predicted Protein 
Od05g03740 Membrin-11-Like 
Od05g04140 Predicted Protein, Protein Binding 
Od05g04230 Predicted Protein 
Od05g04450 Probable Trehalose 
Od05g04570 Predicted Protein, Protein Binding 
Od05g04600 DNAJ Homolog Subfamily B Member 13 
Od05g04640 Membrane Component 
Od05g04700 Bromodomain-Containing Protein 
Od05g04710 Predicted Protein 
Od05g04740 Electron Transport 
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Od05g05070 Predicted Protein 
Od05g05120 Magnesium protoporphyrin chelatase, chlorophyll biosynthesis 
Od06g00580 DNA Binding 
Od06g00660 Phosphoglycerate Kinase 
Od06g00980 Membrane Component 
Od06g00990 Membrane Component 
Od06g01000 RNA Polymerase Sigma Factor Rpod 
Od06g01010 Predicted Protein, Protein Binding 
Od06g01110 Predicted Protein, Nucleotide Metabolism 
Od06g01290 Ferredoxin, chloroplast precursor 
Od06g01630 Predicted Protein 
Od06g01660 Nucleobase biosynthesis 
Od06g01900 WD40 repeat containing, actin cytoskeleton, TOR signalling 
Od06g01910 Chaperone DNAJ homologue, Myb-like domain 
Od06g02270 Transcription Factor 
Od06g02790 Integral Membrane Protein 
Od06g03120 Predicted Protein, Protein Binding 
Od06g03250 Divergent Pap2 Family Protein 
Od06g03260 Membrane Component 
Od06g03270 Predicted Protein, Actin Binding 
Od06g03340 Aminoacyl-tRNA synthetase, tRNA aminoacylation 
Od06g03440 Protoporphyrinogen oxidase, porphyrin biosynthesis 
Od06g03460 Photosystem I assembly protein Ycf4 
Od06g03610 Dual Specificity Protein Phosphatase 1-Like 
Od06g03790 NADP-Dependent Malic Enzyme 
Od06g03820 Elongation Factor 4 
Od06g04450 Transcription Factor Divaricata 
Od06g04460 Unnamed Product 
Od06g04530 Fatty acid desaturase, lipid metabolism 
Od06g04580 Translation Elongation 
Od06g04640 Porphyrin, chlorophyll biosynthesis 
Od06g04660 Glycoside Hydrolase Family 14 Protein 
Od06g04670 Unnamed Product 
Od06g04680 Proteolysis 
Od06g04800 Predicted Protein 
Od06g04820 Membrane Component 
Od06g06090 Predicted Protein 
Od06g06110 B12 (cobalamin) dependent methionine synthase 
Od06g06190 Abc Transporter I Family Member 6, Chloroplastic 
Od06g06880 Protein Serine/Threonine Kinase Activity 
Od06g06980 Fructose-1,6-bisphosphatase, gluconeogenesis 
Od06g07010 Bah-Phd Domain-Containing Protein 
Od06g07490 Predicted Protein 
Od06g07510 La-Related Protein 1C-Like 
Od07g00130 Cysteine Synthase 2 
Od07g00140 Predicted Protein 
Od07g00470 Predicted Protein, Proteolysis 
Od07g00560 Predicted Protein 
Od07g00720 Unnamed Product 
Od07g00730 Short-Chain Dehydrogenase 
Od07g00770 Membrane Component 
Od07g00800 Unnamed Product 
Od07g01230 Predicted Protein, Protein Binding 
Od07g01310 Protein Chromatin Remodelling 4-Like Isoform X1 
Od07g01350 DNA Binding Transcription Factor Activity 
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Od07g01360 Predicted Protein 
Od07g01440 Malate Dehydrogenase (Oxaloacetate-Decarboxylating)(Nadp+) 
Od07g01730 Lysine-Specific Demethylase 8, Cell Cycle 
Od07g01750 Chloroplast ATP Synthase Subunit Delta Precursor 
Od07g01970 50S ribosomal protein L27 
Od07g02050 Predicted Protein, Microtubule 
Od07g02100 Membrane Component 
Od07g02380 Predicted Protein, Protein Serine/Threonine Kinase Activity 
Od07g02800 Hypothetical Protein Micpucdraft_57447 
Od07g02830 (2Fe-2S)-binding protein, chlorophyllide a oxygenase 
Od07g02870 Predicted Protein 
Od07g03190 Tryptophan Synthase Beta Chain 1 
Od07g03230 T9Ss C-Terminal Target Domain-Containing Protein 
Od07g03240 Bet1-Like Protein At4G14600 
Od07g03350 Predicted Protein 
Od07g03480 Predicted Protein, Nucleic Acid Binding 
Od07g03510 Chromosome-Associated Kinesin Kif4A 
Od07g03670 Predicted Protein 
Od07g03760 Phospholipid biosynthetic process 
Od07g03780 Membrane Component 
Od07g03790 Coiled-Coil Domain-Containing Protein 25 
Od07g03830 DNA Binding Transcription Factor  
Od07g03910 Phosphoribosyltransferase, nucleotide synthesis and salvage 
Od07g03920 Cytidylyltransferase, isoprenoid biosynthesis 
Od07g04200 Predicted Protein 
Od07g04230 Probable Serine Incorporator 
Od07g04640 Sulp Family Inorganic Anion Transporter 
Od07g04740 Chloroplast SRP receptor, signal recognition 
Od07g04840 Ubiquinone/Menaquinone Biosynthesis Methyltransferase 
Od08g00180 Histone H3 
Od08g00340 Protein Lhcp Translocation 
Od08g00380 Anaphase-Promoting Complex Subunit 
Od08g01040 Chlorophyll Synthetase 
Od08g01130 Predicted Protein 
Od08g01380 Unnamed Product 
Od08g01520 Predicted Protein, Nucleotide Metabolism 
Od08g01560 Predicted Protein 
Od08g01810 Zinc Finger CCCH Domain-Containing Protein 28 
Od08g02040 Predicted Protein 
Od08g02100 Predicted Protein 
Od08g02170 Branched-Chain Amino Acid Aminotransferase 
Od08g02490 Predicted Protein 
Od08g02690 Predicted Protein, Protein Binding 
Od08g02950 Predicted Protein 
Od08g03020 Predicted Protein 
Od08g03040 Hypothetical Protein, Partial 
Od08g03150 Predicted Protein 
Od09g00820 Phytoene desaturase, carotenoid biosynthesis 
Od09g01000 (2Fe-2S)-binding protein, chlorophyllide a oxygenase 
Od09g01170 Fatty acid desaturase, cytochrome b5 domain, unknown function 
Od09g01770 Unnamed Product 
Od09g02190 Predicted Protein 
Od09g02220 Membrane Component 
Od09g02460 Predicted Protein, Transport 
Od09g02470 Predicted Protein 
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Od09g02650 Predicted Protein, Histone Methylation 
Od09g02790 Probable Protein Phosphatase 2C 60 Isoform X1 
Od09g03050 Predicted Protein 
Od09g03380 Ribulose-1,5 bisphosphate carboxylase, methyltransferase 
Od09g03480 Malonyl-Coa:Acp Transacylase 
Od09g03710 Mfs Family Transporter: Glycerol-3-Phosphate 
Od09g03950 Predicted Protein, Heme Binding 
Od09g04020 Membrane Component 
Od09g04370 Membrane Component 
Od09g04740 Endonuclease 
Od09g04760 Protein Kinase 
Od09g04780 Predicted Protein, Protein Binding 
Od09g04790 Predicted Protein, Protein Modification 
Od09g05010 Constans-Like 1 Protein 
Od09g05080 Predicted Protein, RNA Binding, Psi Related 
Od09g05360 Terpenoid biosynthesis 
Od09g05650 Predicted Protein 
Od09g05690 Predicted Protein, Protein Serine/Threonine Kinase Activity 
Od09g06000 Membrane Component 
Od09g06240 Predicted Protein 
Od09g06250 Fructose-1,6-Bisphosphatase, Cytosolic 
Od10g00160 Predicted Protein, DNA Binding 
Od10g00290 E3 Ubiquitin-Protein Ligase Rnf126-B 
Od10g00380 Predicted Protein, Hydrolase 
Od10g01170 Endosome Organisation 
Od10g01180 NADH Dehydrogenase [Ubiquinone] 1 Beta Subcomplex  Mitochondrial 
Od10g01350 Patched Domain-Containing Protein 2 
Od10g01360 Resistance-Nodulation-Cell Division Superfamily 
Od10g01560 Translation Initiation Factor 
Od10g01610 Predicted Protein 
Od10g01620 Thiol-Disulfide Oxidoreductase Lto1-Like 
Od10g01780 Unnamed Product 
Od10g01790 Predicted Protein, Hydrolase 
Od10g02060 Bacterial Surface Protein, Nucleic Acid Binding 
Od10g02140 Unnamed Product 
Od10g02230 Unnamed Product 
Od10g02270 Morn Repeat Protein, Ion Transport 
Od10g02420 Predicted Protein Hydrolase 
Od10g02450 Unnamed Product 
Od11g00560 ATP-binding cassette translation elongation factor 
Od11g00650 Unnamed Product 
Od11g00770 Predicted Protein 
Od11g00830 Phosphatidylinositol 4-kinase mediated signalling 
Od11g00840 Unnamed Product 
Od11g00860 Negative Regulation of Transcription Elongation From RNA Polymerase II 
Od11g00900 Starch synthase, glycosyltransferase 
Od11g00960 MECDP synthase, terpenoid biosynthesis 
Od11g01480 Predicted Protein, Protein Binding 
Od11g01930 Predicted Protein, Nucleic Acid Binding 
Od11g02010 Predicted Protein 
Od11g02320 Arsenite-Antimonite Efflux Family 
Od11g02450 Glycosyltransferase Family 4 Protein 
Od11g02470 Membrane Component 
Od11g04000 ATP-Binding Cassette Superfamily 
Od11g04110 Predicted Protein, Proteolytic 
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Od11g04210 Sulp Family Inorganic Anion Transporter 
Od11g04260 Nucleotide-Diphospho-Sugar Transferase 
Od12g00050 Urea-Proton Symporter Dur3 
Od12g00420 Membrane Component 
Od12g00820 Membrane Component 
Od12g00990 Predicted Protein, RNA Processing 
Od12g01140 Unnamed Product, Protein Binding 
Od12g01230 Membrane Component 
Od12g01380 Predicted Protein, Hydrolase 
Od12g01710 Predicted Protein, Protein Binding 
Od12g01760 Predicted Protein, DNA Binding 
Od12g01770 Predicted Protein, Fatty Acid Metabolism 
Od12g01860 Predicted Protein 
Od12g01950 Geranylgeranyl Diphosphate Synthase, Terpenoid Biosynthesis 
Od12g02640 Putative Snf7-Like Protein 
Od12g02660 Prasinophyte-Specific Protein-4 
Od12g02670 Dsba Oxidoreductase 
Od12g03120 Uroporphyrinogen decarboxylase, porphyrin biosynthesis 
Od12g03300 Predicted Protein, Methyltransferase 
Od12g03770 Predicted Protein, Protein Serine/Threonine Kinase Activity 
Od13g00240 Predicted Protein, Protein Binding 
Od13g00610 Peptidyl-Prolyl Cis-Trans Isomerase, Fkbp-Type 
Od13g00740 Predicted Protein, Serine/Threonine Phosphatase Activity 
Od13g00750 Cytochrome P450, heme binding, function undefined 
Od13g00880 RNA Demethylase Alkbh5-Like 
Od13g00890 Predicted Protein, TRNA Modification 
Od13g00950 Predicted Protein 
Od13g01560 Protein Binding 
Od13g01670 Predicted Protein, Tetrahydrofolylpolyglutamate Biosynthetic Process 
Od13g01760 Predicted Protein 
Od13g01850 Predicted Protein, Lipid Metabolism 
Od13g02060 Glycosyltransferase, starch/glycogen synthase 
Od13g02090 Predicted Protein, Transport 
Od13g02710 Predicted Protein 
Od13g02780 Membrane Component 
Od13g02920 Ankyrin repeat, protein binding 
Od13g03160 RNA Polymerase II Transcription Factor Activity 
Od13g03190 Duf1295 Domain-Containing Protein 
Od14g00300 Predicted Protein, Glucose Metabolism 
Od14g00760 Translation Initiation Factor Activity 
Od14g01100 Predicted Protein, DNA Binding 
Od14g01250 Predicted Protein, RNA Polymerase Activity 
Od14g01500 DNA Binding Transcription Factor Activity 
Od14g01690 Predicted Protein, PSII Related 
Od14g01880 Basic-Leucine Zipper Domain 
Od14g01920 Predicted Protein, Fatty Acid Synthase Complex 
Od14g02160 Drug/Metabolite Transporter Superfamily 
Od14g02210 pre-rRNA-processing 
Od14g02230 Divinyl Chlorophyllide A 8-Vinyl-Reductase, Chloroplastic 
Od14g02240 Unnamed Product 
Od14g02280 Glutamine-Rich Tetratricopeptide Repeat-Containing Protein, Actin Related 
Od14g02540 DNA Binding Protein Reb1-Like 
Od14g02610 Probable Prolyl 4-Hydroxylase 4 
Od14g02940 Phosphoglucomutase, carbohydrate metabolism 
Od14g03220 Unnamed Product 
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Od14g03280 Methyltransferase Activity 
Od14g03300 Glutaredoxin 2 
Od15g00140 (2Fe-2S)-Binding Protein 
Od15g00340 Acyl-COA-Binding Domain-Containing Protein 4 Isoform X1 
Od15g00560 Predicted Protein 
Od15g00670 Predicted Protein 
Od15g00860 Vacuolar Protein Sorting-Associated Protein 41 Homolog Isoform X2 
Od15g01050 GHMP kinase, terpenoid biosynthetic process 
Od15g01150 Predicted Protein, Spliceosome 
Od16g00010 Antibiotic Biosynthesis Monooxygenase 
Od16g00350 Dead-Box ATP-Dependent RNA Helicase 
Od16g00450 Predicted Protein, Transport 
Od16g00460 Predicted Protein 
Od16g00470 Probable Mediator Of RNA Polymerase II Transcription Subunit 37C 
Od16g00500 Dmt Family Transporter: Udp-Galactose/Udp-Glucose 
Od16g00600 Fatty acid desaturase, lipid metabolism 
Od16g00750 Peptidyl-Prolyl Cis-Trans Isomerase Fkbp16-4, Chloroplastic 
Od16g00770 Membrane Component 
Od16g01250 Predicted Protein 
Od16g01280 Protein Detoxification 
Od16g01340 Predicted Protein 
Od16g01370 Predicted Protein 
Od16g01420 Drug/Metabolite Transporter Superfamily 
Od16g01600 Predicted Protein 
Od16g01660 Predicted Protein 
Od16g01820 Drug/Metabolite Transporter Superfamily 
Od16g01860 Predicted Protein, Kinase 
Od16g02100 Pkinase-Domain-Containing Protein 
Od16g02230 Membrane Component 
Od16g02240 Predicted Protein 
Od16g02340 DNA Binding Transcription Factor 
Od16g02550 Multidrug/Oligosaccharidyl-Lipid/Polysaccharide Flippase 
Od16g02600 Uroporphyrinogen decarboxylase, porphyrin biosynthesis 
Od16g02630 Predicted Protein, Binding 
Od16g02690 Translation Initiation Factor Activity 
Od16g02700 Predicted Protein, Transport 
Od17g00080 Predicted Protein 
Od17g00180 Post-Set Domain 
Od17g00300 Predicted Protein, Kinase 
Od17g00310 Predicted Protein 
Od17g00340 Divalent Anion:Na+ Symporter Family 
Od17g00580 Predicted Protein, Methyltransferase Activity 
Od17g00860 Membrane Component 
Od17g00910 Predicted Protein, Electron Transport 
Od17g00960 Polyadenylate-Binding Protein Rbp47B' 
Od17g01480 Predicted Protein 
Od17g01680 Unnamed Product 
Od17g01690 Unnamed Product 
Od17g01920 Predicted Protein 
Od17g01930 Predicted Protein 
Od17g01990 Chloroplast Ribulose Bisphosphate Carboxylase Complex 
Od17g02000 Chloroplast Ribulose Bisphosphate Carboxylase Complex 
Od17g02080 Mg2+ Transporter-E Family 
Od17g02560 Unnamed Product 
Od17g02960 Membrane Component 
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Od17g03100 Predicted Protein, DNA Metabolism 
Od17g03170 Predicted Protein, Hydrolase 
Od18g00230 Predicted Protein 
Od18g00250 Unnamed Product 
Od18g00260 Predicted Protein 
Od18g00270 Predicted Protein 
Od18g00310 Membrane Component 
Od18g00380 Predicted Protein, Transferase 
Od18g00470 Predicted Protein, Transferase 
Od19g00040 Light Harvesting Complex Protein 
Od19g00250 Sec14P-Like Phosphatidylinositol Transfer Family Protein 
Od19g00430 Predicted Protein 
Od19g00510 Predicted Protein, Hydrolase 
Od19g00640 ATP-Dependent RNA Helicase Rhle 
Od19g00660 Unnamed Product 
Od19g01010 Predicted Protein 
Od19g01200 Glutamate-1-Semialdehyde Aminotransferase, Chlorophyll Biosynthetic Process 
Od19g01230 Heat Stress Transcription Factor A-8 
Od20g00600 Auxin Efflux Carrier Family 
Od20g00610 Membrane Component 
Od20g00760 Lycopene beta cyclase, contains chlorophyll a/b binding domain 
Od20g00770 Tho Complex Subunit 4, Nucleic Acid Binding 
Od20g00950 Predicted Protein, Spliceosome 
Od20g01100 Fructose-1,6-Bisphosphatase 
Od20g01230 Chlorophyll A/B-Binding Protein Cp26, Chloroplast Precursor 
Od20g01770 Ankyrin Repeat, Protein Binding 
Od20g02020 Predicted Protein, Methyltransferase Activity 
Od20g02230 Predicted Protein, RNA Binding 
Od20g02410 Unnamed Product 
Od20g02440 Predicted Protein, Electron Transport 
Od20g02470 Isoamylase 1, Chloroplastic 
Od20g02670 Predicted Protein, PSII Related 
Od20g02980 Predicted Protein, Lipid Binding 
Od20g03120 Niemann-Pick C1 Protein 
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Appendix 3 Overexpressed functional categories for GO enrichment 

Overrepresented functional terms of RCC809 genes with increased expression in blue light 

compared to red and green 

  

Gene 

Ontology 

ID 

FDR 

corrected 

q value 

Genes 

with 

GO 

term 

in test 

set 

Genes 

with 

GO 

term in 

genome 

Genes 

in test 

set 

Total 

Bio 

Process 

genes 

in 

genome 

Description 

6259 3.89E-04 36 242 262 4247 DNA metabolic process 

Genes in 

 test set 

OD17G00920 OD06G02850 OD07G03710 OD01G00210 OD08G00650 

OD04G00270 OD12G01680 OD12G02990 OD12G00470 OD11G01550 

OD20G01140 OD01G02880 OD11G01890 OD06G06580 OD11G02480 

OD04G04360 OD05G01480 OD15G01260 OD06G04320 OD06G03670 

OD08G00520 OD04G00260 OD17G01560 OD03G01380 OD13G01180 

OD04G00830 OD08G02560 OD15G00900 OD12G02680 OD08G01730 

OD20G00460 OD05G04620 OD06G06590 OD01G05760 OD05G04960 

OD05G03110 

33554 7.30E-03 29 204 262 4247 Cellular response to stress 

Genes in 

 test set 

OD17G00920 OD06G02850 OD07G03710 OD01G00210 OD13G00080 

OD04G00270 OD12G02990 OD12G00470 OD11G01550 OD11G00060 

OD06G06580 OD19G00740 OD05G01480 OD10G00450 OD15G01260 

OD06G03670 OD04G00260 OD17G01560 OD03G01380 OD02G03690 

OD15G00900 OD08G01730 OD09G06210 OD20G00460 OD09G04910 

OD06G06590 OD01G05760 OD05G04960 OD01G06230 

6260 7.36E-03 17 89 262 4247 DNA replication 

Genes in 

 test set 

OD06G02850 OD04G04360 OD06G04320 OD08G00520 OD08G00650 

OD17G01560 OD03G01380 OD13G01180 OD12G01680 OD12G02990 

OD04G00830 OD12G02680 OD20G01140 OD11G01890 OD05G04620 

OD11G02480 OD05G03110 

6261 7.81E-03 11 42 262 4247 DNA-dependent DNA replication 

Genes in 

 test set 

OD12G01680 OD06G02850 OD12G02990 OD04G00830 OD04G04360 

OD20G01140 OD08G00650 OD11G01890 OD13G01180 OD05G04620 

OD05G03110 

6281 1.47E-02 21 138 262 4247 DNA repair  
OD17G00920 OD06G02850 OD07G03710 OD05G01480 OD15G01260 

OD06G03670 OD01G00210 OD04G00260 OD17G01560 OD03G01380 

OD04G00270 OD12G02990 OD15G00900 OD12G00470 OD11G01550 

OD08G01730 OD20G00460 OD06G06590 OD01G05760 OD05G04960 

OD06G06580 

6950 1.95E-02 39 351 262 4247 Response to 

stress 

 

Genes in 

 test set 

OD17G00920 OD06G02850 OD06G00250 OD07G03710 OD01G00210 

OD01G01640 OD10G01390 OD13G00080 OD04G00270 OD12G02990 

OD12G00470 OD11G01550 OD20G03400 OD11G00060 OD06G03190 

OD06G06580 OD19G00740 OD05G01480 OD10G00450 OD15G01260 

OD06G03670 OD06G07410 OD04G00260 OD17G01560 OD03G01380 

OD02G03690 OD02G04480 OD15G00900 OD02G03670 OD08G01730 

OD09G06210 OD20G00460 OD09G05100 OD09G04910 OD06G06590 

OD01G05760 OD11G00170 OD05G04960 OD01G06230 

7059 1.95E-02 7 21 262 4247 Chromosome 

segregation 

 

 
OD02G00280 OD05G00600 OD14G03010 OD06G05210 OD12G02680 

OD02G03890 OD01G02860 
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51716 2.15E-02 31 259 262 4247 Cellular 

response to 

stimulus 

 

 
OD17G00920 OD06G02850 OD07G03710 OD01G00210 OD13G00080 

OD04G00270 OD12G02990 OD12G00470 OD11G01550 OD11G00060 

OD06G06580 OD19G00740 OD05G01480 OD10G00450 OD15G01260 

OD06G03670 OD04G00260 OD17G01560 OD03G01380 OD12G00040 

OD02G03690 OD09G05920 OD15G00900 OD08G01730 OD09G06210 

OD20G00460 OD09G04910 OD06G06590 OD01G05760 OD05G04960 

OD01G06230 

71705 2.15E-02 3 3 262 4247 Nitrogen compound transport  
OD07G00170 OD07G00180 OD03G02690 

71103 2.20E-02 11 53 262 4247 DNA conformation change  
OD03G02870 OD20G01820 OD06G03670 OD14G03010 OD12G02680 

OD02G03890 OD20G01140 OD02G00310 OD03G01380 OD01G02860 

OD05G03110 

6099 2.20E-02 9 37 262 4247 Tricarboxylic 

acid cycle 

 

 
OD08G00070 OD04G01850 OD02G03200 OD06G02230 OD05G01850 

OD13G00190 OD06G07420 OD03G03160 OD01G06980 

50896 2.69E-02 51 523 262 4247 Response to 

stimulus 

 

 
OD17G00920 OD06G02850 OD07G03710 OD01G00210 OD13G00080 

OD02G04230 OD12G00470 OD11G01550 OD14G03310 OD16G00040 

OD20G03400 OD11G00060 OD06G03190 OD06G06580 OD19G00740 

OD05G01480 OD15G01260 OD06G03670 OD03G01380 OD03G03160 

OD12G00040 OD02G03690 OD09G05100 OD06G06590 OD01G05760 

OD11G00170 OD14G01080 OD06G00250 OD01G01640 OD16G00890 

OD10G01390 OD04G00270 OD12G02990 OD17G01040 OD04G03210 

OD11G01910 OD10G00450 OD06G07410 OD04G00260 OD17G01560 

OD09G05920 OD02G04480 OD15G00900 OD02G03670 OD08G01730 

OD09G06210 OD20G00460 OD09G04910 OD05G04960 OD05G03110 

OD01G06230 

9263 2.69E-02 4 7 262 4247 Deoxyribonucleotide biosynthetic process  
OD01G02300 OD08G00520 OD16G00170 OD07G01740 

6270 2.69E-02 5 12 262 4247 DNA-dependent DNA replication initiation  
OD12G01680 OD04G00830 OD04G04360 OD20G01140 OD08G00650 

22402 4.80E-02 9 43 262 4247 Cell cycle 

process 

 

 
OD14G01080 OD05G00600 OD14G03010 OD06G05210 OD04G00790 

OD02G03890 OD01G02860 OD05G04620 OD05G03110 

 
Overrepresented functional terms of RCC809 genes with increased expression in green light 

compared to red and blue 

Gene 

Ontology 

ID 

FDR 

corrected 

q value 

Genes 

with 

GO 

term 

in test 

set 

Genes 

with GO 

term in 

genome 

Genes 

in test 

set 

Total 

Bio 

Process 

genes in 

genome 

Description 

45454 3.03E-02 4 62 21 4247 Cell redox homeostasis  
OD05G04680 OD16G01540 OD01G02490 OD06G07490 
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Overrepresented functional terms of RCC809 genes with increased expression in red light 

compared to green and blue 

Gene 

Ontology 

ID 

FDR 

corrected 

q value 

Genes 

with 

GO 

term 

in test 

set 

Genes 

with 

GO 

term in 

genome 

Genes 

in test 

set 

Total 

Bio 

Process 

genes 

in 

genome 

Description 

6098 2.56E-03 4 28 25 4247 Pentose-phosphate shunt 
OD03G02850 OD04G00980 OD07G04720 

OD14G02940 

6740 2.56E-03 4 29 25 4247 NADPH regeneration 
OD03G02850 OD04G00980 OD07G04720 

OD14G02940 

15976 2.56E-03 4 34 25 4247 Carbon utilization 
OD04G02610 OD03G02850 OD04G00980 

OD07G04720 

44282 4.07E-03 5 87 25 4247 Small molecule catabolic process 
OD03G02850 OD04G00980 OD09G03890 

OD07G04720 OD14G02940 

6007 4.07E-03 4 49 25 4247 Glucose catabolic process 
OD03G02850 OD04G00980 OD07G04720 

OD14G02940 

6096 1.29E-02 3 33 25 4247 Glycolysis 
OD03G02850 OD04G00980 OD14G02940 

55086 1.44E-02 6 211 25 4247 Nucleobase, nucleoside and nucleotide 

metabolic process 
OD04G02610 OD03G02850 OD04G00980 

OD09G03890 OD07G04720 OD14G02940 

6094 1.45E-02 3 37 25 4247 Gluconeogenesis 
OD03G02850 OD04G00980 OD14G02940 

16138 1.81E-02 2 11 25 4247 Glycoside biosynthetic process 
OD03G02850 OD14G02940 

46364 1.81E-02 3 42 25 4247 Monosaccharide biosynthetic process 
OD03G02850 OD04G00980 OD14G02940 

9266 1.87E-02 3 43 25 4247 Response to temperature stimulus 
OD04G02610 OD09G00180 OD14G02940 

46165 2.41E-02 3 48 25 4247 Alcohol biosynthetic process 
OD03G02850 OD04G00980 OD14G02940 

160 3.20E-02 2 16 25 4247 Two-component signal transduction system 

(phosphorelay) 
OD09G04300 OD09G04310 

43094 4.16E-02 2 19 25 4247 Cellular metabolic compound salvage 
OD04G02610 OD17G02010 

9628 4.16E-02 4 126 25 4247 Response to abiotic stimulus 
OD04G02610 OD09G00180 OD14G02940 

OD06G03170 

98 4.16E-02 1 1 25 4247 Sulfur amino acid catabolic process 
OD09G03890 

6090 4.16E-02 3 64 25 4247 Pyruvate metabolic process 
OD03G02850 OD04G00980 OD14G02940 

6013 4.48E-02 2 21 25 4247 Mannose metabolic process 
OD03G02850 OD04G00980 

6000 4.69E-02 2 22 25 4247 Fructose metabolic process 
OD03G02850 OD04G00980 
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Overrepresented functional terms of RCC809 genes with decreased expression in blue light 

compared to red and green 

Gene 

Ontology 

ID 

FDR 

corrected  

q value 

Genes 

with 

GO 

term in 

test set 

Genes 

with 

GO 

term in 

genome 

Genes in 

test set 

Total Bio 

Process 

genes in 

genome 

Description 

46148 1.56E-07 18 47 273 4247 Pigment biosynthetic process 
 

OD16G02600 OD05G05120 OD11G00960 OD06G03440 OD14G02230 

OD06G04640 OD04G03220 OD02G02530 OD19G01200 OD08G01040 

OD13G00750 OD12G03120 OD01G01020 OD01G04650 OD09G00820 

OD05G01350 OD20G00760 OD09G03950 

15995 9.29E-07 11 19 273 4247 Chlorophyll biosynthetic 

process 
 

OD19G01200 OD08G01040 OD05G05120 OD11G00960 OD14G02230 

OD12G03120 OD04G03220 OD01G01020 OD01G04650 OD02G02530 

OD05G01350 

6779 9.55E-06 14 39 273 4247 Porphyrin biosynthetic 

process 
 

OD16G02600 OD05G05120 OD11G00960 OD06G03440 OD14G02230 

OD06G04640 OD04G03220 OD02G02530 OD19G01200 OD08G01040 

OD12G03120 OD01G01020 OD01G04650 OD05G01350 

8299 4.72E-05 12 33 273 4247 Isoprenoid biosynthetic 

process 
 

OD07G03920 OD15G01050 OD13G00750 OD08G01130 OD11G00960 

OD05G01900 OD09G05360 OD09G00820 OD02G01640 OD20G00760 

OD12G01950 OD09G03950 

16114 9.98E-05 10 25 273 4247 Terpenoid biosynthetic 

process 
 

OD15G01050 OD13G00750 OD11G00960 OD05G01900 OD09G05360 

OD09G00820 OD02G01640 OD20G00760 OD12G01950 OD09G03950 

6782 2.74E-04 6 9 273 4247 Protoporphyrinogen IX 

biosynthetic process 
 

OD19G01200 OD16G02600 OD06G03440 OD12G03120 OD01G04650 

OD05G01350 

44271 5.77E-04 37 278 273 4247 Cellular nitrogen compound 

biosynthetic process 
 

OD06G01660 OD07G03910 OD06G03440 OD14G02230 OD04G03220 

OD04G02450 OD07G01750 OD13G01670 OD04G00720 OD08G01040 

OD01G06380 OD08G01560 OD05G01900 OD12G03120 OD06G01110 

OD16G02600 OD05G05120 OD11G00960 OD11G01930 OD06G04640 

OD05G00090 OD04G01470 OD07G00130 OD02G03840 OD02G02530 

OD08G02170 OD01G05480 OD19G01200 OD07G03190 OD01G06190 

OD03G01930 OD01G01020 OD06G06110 OD01G04650 OD11G00770 

OD01G04550 OD05G01350 
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6007 1.49E-03 12 49 273 4247 Glucose catabolic process 
 

OD05G04230 OD01G05480 OD03G02850 OD04G00660 OD09G06250 

OD06G00660 OD06G06980 OD11G00770 OD20G01100 OD14G00300 

OD16G01600 OD14G02940 

6783 2.85E-03 7 19 273 4247 Heme biosynthetic process 
 

OD19G01200 OD16G02600 OD06G03440 OD12G03120 OD06G04640 

OD01G04650 OD05G01350 

6096 3.89E-03 9 33 273 4247 Glycolysis 
 

 
OD01G05480 OD03G02850 OD04G00660 OD09G06250 OD06G00660 

OD06G06980 OD20G01100 OD14G00300 OD14G02940 

34637 6.26E-03 13 68 273 4247 Cellular carbohydrate 

biosynthetic process 
 

OD09G06250 OD06G00660 OD13G02060 OD03G02200 OD01G05480 

OD12G01770 OD03G02850 OD04G00660 OD20G02470 OD06G06980 

OD20G01100 OD14G00300 OD14G02940 

6740 6.88E-03 8 29 273 4247 NADPH regeneration 
 

OD05G04230 OD03G02850 OD09G06250 OD06G06980 OD11G00770 

OD20G01100 OD16G01600 OD14G02940 

6094 7.91E-03 9 37 273 4247 Gluconeogenesis 
 

 
OD01G05480 OD03G02850 OD04G00660 OD09G06250 OD06G00660 

OD06G06980 OD20G01100 OD14G00300 OD14G02940 

16117 1.04E-02 5 12 273 4247 Carotenoid biosynthetic 

process 
 

OD13G00750 OD11G00960 OD09G00820 OD20G00760 OD09G03950 

46165 1.28E-02 10 48 273 4247 Alcohol biosynthetic process 
 

OD01G05480 OD03G02850 OD08G01130 OD04G00660 OD09G06250 

OD06G00660 OD06G06980 OD20G01100 OD14G00300 OD14G02940 

19319 1.28E-02 9 40 273 4247 Hexose biosynthetic process 
 

OD01G05480 OD03G02850 OD04G00660 OD09G06250 OD06G00660 

OD06G06980 OD20G01100 OD14G00300 OD14G02940 

8610 1.58E-02 18 126 273 4247 Lipid biosynthetic process 
 

OD07G03920 OD15G01050 OD11G00960 OD09G05360 OD07G03760 

OD02G01640 OD12G01950 OD02G01370 OD12G01770 OD13G00750 

OD08G01130 OD05G01900 OD09G03480 OD01G03440 OD09G00820 

OD20G00760 OD09G03950 OD14G01920 

15979 2.45E-02 15 101 273 4247 Photosynthesis 
 

 
OD09G05080 OD05G05120 OD14G01690 OD06G00660 OD05G05070 

OD17G01990 OD17G02000 OD02G02530 OD03G02850 OD19G00040 

OD20G02670 OD01G01020 OD20G01230 OD06G03460 OD20G01100 

7034 3.43E-02 4 10 273 4247 Vacuolar transport 
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OD04G02810 OD01G00820 OD12G02640 OD16G00450 

9250 4.67E-02 4 11 273 4247 Glucan biosynthetic process 
 

OD03G02200 OD20G02470 OD13G02060 OD14G02940 

42372 4.67E-02 2 2 273 4247 Phylloquinone biosynthetic 

process 
 

OD20G02670 OD07G04840 

30388 4.67E-02 2 2 273 4247 Fructose 1,6-bisphosphate 

metabolic process 
 

OD03G02850 OD20G01100 

 
Overrepresented functional terms of RCC809 genes with decreased expression in green light 

compared to red and blue 
  
Gene 

Ontology 

ID 

FDR 

corrected 

q value 

Genes 

with GO 

term in 

test set 

Genes 

with GO 

term in 

genome 

Genes in 

test set 
Total Bio 

Process 

genes in 

genome 

Description 

6260 5.75E-10 18 89 101 4247 DNA replication 
 

 
OD06G02850 OD05G00150 OD04G04360 OD10G01480 OD08G00650 

OD17G01560 OD02G01320 OD13G01180 OD02G02310 OD04G00830 

OD17G03020 OD02G01330 OD12G02680 OD20G01140 OD11G01890 

OD11G02480 OD05G03110 OD01G04460 

6261 1.01E-09 13 42 101 4247 DNA-dependent DNA 

replication  
OD06G02850 OD04G04360 OD10G01480 OD08G00650 OD02G01320 

OD13G01180 OD02G02310 OD04G00830 OD02G01330 OD20G01140 

OD11G01890 OD05G03110 OD01G04460 

6270 5.24E-09 8 12 101 4247 DNA-dependent DNA 

replication initiation  
OD04G00830 OD04G04360 OD02G01330 OD08G00650 OD20G01140 

OD02G01320 OD02G02310 OD01G04460 
34645 8.08E-05 29 470 101 4247 Cellular macromolecule 

biosynthetic process  
OD06G02850 OD14G00170 OD08G00650 OD20G02070 OD17G03020 

OD03G00630 OD02G02010 OD20G01140 OD11G01890 OD11G02480 

OD01G01690 OD01G04460 OD05G00150 OD04G04360 OD14G02580 

OD10G01480 OD17G01560 OD02G01320 OD13G01180 OD02G02310 

OD02G04950 OD07G01660 OD04G00830 OD02G04480 OD02G01330 

OD07G02180 OD12G02680 OD06G04370 OD05G03110 
6269 9.32E-03 3 5 101 4247 DNA replication, synthesis 

of RNA primer  
OD08G00650 OD11G01890 OD13G01180 

32508 1.08E-02 5 24 101 4247 DNA duplex unwinding 
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OD06G03670 OD02G01330 OD20G01140 OD02G01320 OD01G04460 

71103 1.08E-02 7 53 101 4247 DNA conformation change 
 

OD06G03670 OD02G01330 OD12G02680 OD20G01140 OD02G01320 

OD05G03110 OD01G04460 
32392 1.14E-02 5 25 101 4247 DNA geometric change 
 

OD06G03670 OD02G01330 OD20G01140 OD02G01320 OD01G04460 
6271 1.57E-02 3 7 101 4247 DNA strand elongation 

involved in DNA 

replication  
OD06G02850 OD10G01480 OD08G00650 

15706 1.84E-02 2 2 101 4247 Nitrate transport 
OD10G00820 

OD10G00830 
10016 2.92E-02 3 9 101 4247 Shoot morphogenesis 

OD11G01290 

OD08G00650 

OD05G03110 
 
Overrepresented functional terms of RCC809 genes with decreased expression in red light 

compared to green and blue 
  

Gene 

Ontology ID 

FDR 

corrected q 

value 

Genes 

with GO 

term in 

test set 

Genes 

with GO 

term in 

genome 

Genes in 

test set 

Total Bio 

Process 

genes in 

genome 

Description 

16337 2.61E-02 1 3 3 4247 Cell-cell adhesion 
OD17G03230 

9143 2.61E-02 1 5 3 4247 Nucleoside 

triphosphate 

catabolic process 
OD03G00090 

160 4.17E-02 1 16 3 4247 Two-component 

signal transduction 

system 

(phosphorelay) 
OD12G00240 
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Appendix 4 Light quality responsive enzymes in RCC809 mapped to 

metabolic pathways from the KEGG database 
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Appendix 5 Light quality responsive genes in RCC809 containing 

overrepresented promoted motifs 

 

 

Selected genes with motif in promoter 
Down in blue 1  

  

GENE Description 

Od09g05360 Terpenoid biosynthesis 

Od11g00960 MECDP synthase, terpenoid biosynthesis 

Od15g01050 GHMP kinase, terpenoid biosynthetic process 

Od06g04640 Porphyrin, chlorophyll biosynthesis 

Od01g01020 Porphyrin chlorophyll biosynthesis 
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Od01g04650 Porphobilinogen synthase 

Od05g05120 Magnesium protoporphyrin chelatase, chlorophyll 
biosynthesis 

Od07g03920 Cytidylyltransferase, isoprenoid biosynthesis 

Od05g01350  Porphobilinogen deaminase, tetrapyrrole biosynthesis 

Od06g03440 Protoporphyrinogen oxidase, porphyrin biosynthesis 

Od12g03120 Uroporphyrinogen decarboxylase, porphyrin biosynthesis 

Od02g02530 Magnesium-protoporyphyrin IX chelatase, porphyrin 
biosynthesis 

Od16g02600 Uroporphyrinogen decarboxylase, porphyrin biosynthesis 

Od05g00090 GTP cyclohydrolase, tetrahydrofolate biosynthetic process  

Od09g01000 (2Fe-2S)-binding protein, chlorophyllide a oxygenase 

Od07g02830 (2Fe-2S)-binding protein, chlorophyllide a oxygenase 

Od20g00760 Lycopene beta cyclase, contains chlorophyll a/b binding 
domain 

Od06g01290 Ferredoxin, chloroplast precursor 

Od09g00820 Phytoene desaturase, carotenoid biosynthesis 

Od13g00750 Cytochrome P450, heme binding, function undefined 

Od06g03460 Photosystem I assembly protein Ycf4 

Od04g01800 CCT (CONSTANS, CO-like, and TOC1) domain, often 
involved in light signalling  

Od07g04740 Chloroplast SRP receptor, signal recognition 

Od03g02850 Fructose-1,6-bisphosphatase 
Also contains up red motif 

Od09g03380 Ribulose-1,5 bisphosphate carboxylase, methyltransferase 

Od06g06980 Fructose-1,6-bisphosphatase, gluconeogenesis 
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Od14g02940 Phosphoglucomutase, carbohydrate metabolism 

Od11g00900 Starch synthase, glycosyltransferase 

Od13g02060 Glycosyltransferase, starch/glycogen synthase 

Od02g01370 Monogalactosyldiacylglycerol transferase, glycolipid 
biosynthesis 

Od07g03760 Phospholipid biosynthetic process 

Od06g04530 Fatty acid desaturase, lipid metabolism 

Od16g00600 Fatty acid desaturase, lipid metabolism 

Od09g01170 Fatty acid desaturase, cytochrome b5 domain, unknown 
function 

Od02g02950 Clp protease  

Od02g02880 Clp protease 

Od07g03910 Phosphoribosyltransferase, nucleotide synthesis and salvage 

Od06g01660 Nucleobase biosynthesis 

Od05g01900 3-dehydroquinate synthase, aromatic amino acid 
biosynthesis 

Od01g03140 Aspartate family amino acid biosynthetic process 

Od06g03340 Aminoacyl-tRNA synthetase, tRNA aminoacylation 

Od14g02210 pre-rRNA-processing 

Od02g02590 DNA-directed RNA polymerase, zinc finger, TFIIS-type 

Od01g02120 Transcription factor activity, DNA binding AP2/ERF domain 

Od06g01910 Chaperone dnaJ homologue, Myb-like domain 

Od11g00560 ATP-binding cassette translation elongation factor 

Od13g02920 Ankyrin repeat, protein binding 
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Od06g06110 B12 (cobalamin) dependent methionine synthase 

Od07g01970 50S ribosomal protein L27 

Od01g02970 Dynamin, membrane remodelling 

Od04g01630 Membrane protein, ion channel 
Also contains other down blue motif 

Od06g01900 WD40 repeat containing, actin cytoskeleton, TOR signalling 

Od01g03210 Prasinophyte-specific protein, likely transport related 
Also contains other down blue motif 

Od11g00830 Phosphatidylinositol 4-kinase mediated signalling 
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Selected genes with motif in promoter  
Up in blue 1  

GENE Description 

Od01g00560 Cyclin B 

Od04g03210 DNA repair protein, mitotic recombination, helicase 
Also contains other up in blue motif 

Od14g01080 
Cell cycle dependent kinase B, cell division 
(Serine/threonine‐protein kinase, active site) 
Also contains other up in blue motif 

Od08g02850 Kinesin, microtubule 

Od04g04460 Putative kinesin K39 myosin class II heavy chain, protein binding 

Od13g02570 Myosin class II heavy chain, likely cell division related 
Also contains other up in blue motif 

Od02g03890 Mitotic chromosome condensation 

Od08g03260 Mitotic spindle checkpoint BUBR1, serine/threonine‐protein 

Od15g00790 Centromere DNA‐binding domain 

Od04g00790 Actin filament binding, microtubule associated 

Od04g05300 Transcription factor, Zinc finger, plant homeodomain (PHD), 
chromatin binding 

Od11g03720 Zinc finger, RING‐H2‐type 

Od06g02440 Transcription factor IIB, recruits RNA pol II  
Also contains other up in blue motif 

Od07g00400 DNA binding, SAP domain 

Od14g00740 Transcription factor, ethylene responsive  

Od04g05310 Rieske [2Fe‐2S] iron‐sulphur domain 

Od04g05310 PSII assembly, rieske [2Fe‐2S] iron‐sulphur domain 

Od08g03580 Chlorophyll a-b binding protein 
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Od16g01220 Serine threonine protein kinase, catalytic domain 

Od03g01650 Protein binding, WD40 repeat 

 

Selected genes with motif in promoter 
Up in blue 2   

GENE Description 

Od14g01080 
Cell cycle dependent kinase B, cell division 
(Serine/threonine‐protein kinase, active site) 
Also contains other up blue motif 

Od04g03210 DNA repair protein, mitotic recombination, helicase 
Also contains other up in blue motif 

Od13g02570 Myosin class II heavy chain, likely cell division related 
Also contains other up in blue motif 

Od05g02520 Myosin class II heavy chain, membrane transport 

Od02g03320 Phosphatase, positive cell cycle regulation G2/M phase 

Od06g05210 Shugoshin, C‐terminal, meiotic chromosome segregation 

Od09g01340 Kinesin, microtubule activity P-loop containing 

Od09g00660 Microtubule binding, PRC‐barrel‐like 

Od17g01120 Kinesin‐like, microtubule motor activity 

Od14g03010 Condensin complex, mitotic chromosome condensation 

Od14g02600 Microtubule binding protein involved in cell cycle control 

Od01g01950 Chromatin binding domain 

Od11g01550 DNA recombination domain 

Od06g00540 P-loop nucleoside hydrolase, possible replication factor  

Od11g01890 Primase, large subunit, DNA replication 

Od11g01550 DNA recombination/repair protein domain 
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Od15g00900 DNA base excision repair 

Od12g00150 Oxoglutarate/iron‐dependent dioxygenase, DNA repair 

Od06g06580 DNA mismatch repair protein, MutS‐like 

Od15g01260 5'-3' exonuclease family, DNA repair 

Od11g01050 Dehydrogenase, nucleobase biosynthesis 

Od11g00130 Histone acetyltransferase, chromatin organization 

Od01g02860 Histone H3, DNA binding 

Od09g06110 Histone deacetylase, transcription regulation 

Od14g03150 WD40 repeat-containing, chromatin binding, regulatory 

Od11g01460 Nucleotide binding, D‐amino acid oxidase 

Od02g00320 DNA methylation, methyltransferase 

Od11g02410 RNA-binding protein 

Od12g02990 Ribonuclease HII 

Od03g01070 Ribonuclease H‐like domain 

Od06g01410 Ribosomal RNA methyltransferase 

Od20g02780 mRNA splicing, LUC7‐related 

Od05g01080 tRNA modification (guanine‐N(7)‐)‐methyltransferase 

Od17g00150 Zinc finger CCCH-type, RNA binding, regulation of expression 

Od06g02440 Transcription factor IIB, recruits RNA pol II  
Also contains other up in blue motif 

Od19g00350 Tesmin/TSO1-like domain, transcription regulation, may be 
negative regulation 

Od17g00420 KH domain, mRNA-binding, regulation of gene expression 
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Od04g04760 Serine/threonine protein kinase, phosphorylation 

Od02g03690 Serine/threonine‐protein kinase 24 

Od12g00120 Protein kinase 

Od01g06580 Aminoacyl‐tRNA synthetase, protein synthesis 

Od06g04940 Peptidyl‐prolyl cis‐trans isomerase, protein folding 

Od02g00970 Protein modifying enzyme, ion channel domain, oxioreductase 

Od20g02320 Protein modification, peptide:N-glycanase 

Od14g00920 Cysteine protease 

Od13g01200 Peptidase, calcium‐dependent cysteine‐type 

Od08g03230 Protein binding, ankyrin repeat 

Od16g00890 Rhodopsin-like GPCR (G protein-coupled receptor) 

Od05g04810 Transmembrane protein, ion channel 

Od13g02790 Potassium ion transmembrane transport 

Od01g03480 Calcium binding protein, transmembrane import 

Od03g01340 Solute membrane transport 

Od04g05220 MscS family transport, ion channel 

Od01g06640 Voltage‐dependent potassium channel, transmembrane 

Od19g00750 Mitochondrial carrier, ion transport, glycine predicted 

Od17g00090 Amino acid transmembrane transport, tryptophan/tyrosine  

Od19g00920 ATPase, plasma-membrane proton-efflux P-type 

Od07g02950 Phosphatidyltransferase, phospholipid biosynthetic process 
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Od10g00970 Calcium transport mitochondrial, WD40 repeat 

Od19g00740 Superoxide dismutase Cu‐Zn, ion binding 

Od19g00730 Superoxide dismutase Cu‐Zn, ion binding 

Od03g02690 Nitrogen compound transport, BCCT 

Od16g00280 Serine hydroxymethyltransferase  

Od11g00340 START domain-containing protein, lipid binding 

Od02g03200 Chloramphenicol acetyltransferase domain 

Od01g01190 Pyruvate dehydrogenase (acetyl-transferring)  

Od11g02930 HAD‐IB family hydrolase, phosphatase activity 

Od06g01820 Carbohydrate‐binding family, glucan 1,4‐alpha‐glucosidase 

Od06g02230 Malate dehydrogenase, mitochondrial, TCA cycle 

Od16g01180 Acetylhydrolase, lipid catabolic process 

Od20g01170 Cobalamin adenosyltransferase-like superfamily 

Od12g03130 Glycoside hydrolase, carbohydrate catabolism 

Od01g06420 Fatty acid hydrolase, acyl‐CoA thioesterase 

Od12g01220 Carboxylic ester hydrolase domain 

 

 

 

Key genes with motif in promoter  

Down in blue 2  

GENE Description 

Od16g00450 Vacuolar protein, membrane transport 
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Od04g02810 Vacuolar protein, membrane transport 

Od07g04230 Serine incorporator, membrane protein 

Od05g00590 Ammonium transmembrane transport 

Od03g01260 Aquaporin-like, membrane transport 

Od04g01630 
Membrane protein, ion channel 

Also contains other down blue motif 

Od01g06190 ATP synthesis coupled proton transport, transmembrane 

Od07g01750 ATP synthesis coupled proton transport 

Od09g02460 Intracellular protein transport 

Od05g02670 Organic solute transporter 

Od01g03210 
Prasinophyte-specific protein, likely transport related  

Also contains other down blue motif 

Od07g00140 Cysteine protease, calcium ion binding  

Od14g02610 Prolyl 4-hydroxylase, protein modifying enzyme 

Od01g06140 Ankyrin repeat, protein binding 

Od17g03100 Helicase or endonuclease domain containing, DNA binding 

Od08g01810 Zinc finger CCCH-type, zinc or nucleic acid binding 

Od14g01500 Transcription factor, basic-leucine zipper (bZIP) domain 

Od06g03790 NADP-dependent malic enzyme, pyruvate synthesis 

Od18g00260 Carboxylesterase, alpha/beta hydrolase 

Od10g01790 Carboxylesterase, alpha/beta hydrolase 
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