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AtRKD# Phalaenopsts amabilis (L.) Blume is a native of Indonesian orchid that plays im-
embryo gene portant role in the breeding of orchid’s hybrid worldwide. The high consumer
Arabidopsis thaliana demand causes a decline in the population of orchids for commercial trade.
Phalaenopsis amabilis Plant propagation through induction of somatic embryogenesis will be very
somatic embryo beneficial, because plants can be obtained in large numbers and uniforms.
Submitted: AtRKD+ gene is an important gene in the model plant Arabidopsis thaliana
14 December 2021 which functions very early in development stage to initiate embryo formation.
Accepted: The AtRKD4 gene has been inserted into the P. amabilis orchid and several
14 Fe3bruary 2023 transformants have been obtained. This study goals to determine the integra-
Published: tion stability of the 4tRKD+ gene in the transformant genome of P. amabilis
i:iiqtlﬂy 2023 and to induce somatic embryo formation on transformant orchids. Plantation

itor:

of leaf explants from P. amabilis transformants on hormone-free New
Phalaenopsis basic medium induced somatic embryo formation by 20%. Ana-
tomical analysis showed that there is no difference stage between anatomy of
somatic embryo development pattern in P. amabilis transformant and somatic
embryo development pattern of monocot plants in general, four weeks old-
somatic embryos were analysed by PCR analysis using AtRKD4 specific pri-
mers that showed the embryos still contained 198 bp fragments of the 4tRKD+
gene. In conclusion, the AtRKD4 gene is stably integrated in the genome of P.
amabilis and can continuously induce the formation of somatic embryo from
somatic cells of orchid transformants.

Ardaning Nuriliani
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INTRODUCTION

Phalaenopsis amabilis (1) Blume is one of Indonesia's native orchids
(Rahayu 2015) and has been designated as one of the national flowers
since 1991 (Semiarti 2018). These orchids are often used as brood stock
in breeding to produce hybrid orchids with superior traits (Semiarti et al.
2007). In orchids, the morphological character of the flower is the charac-
ter used as a marker to distinguish plant groups (Pangestu et al. 2014). P.
amabilzs (Figure 1) produces beautiful flowers shaped like a moth and has
a uniqueness of the antenna-like structure at the end of its labellum
(Semiarti et al. 2011). The high consumer demand causes these orchids to
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be widely cultivated and taken from their natural habitat (Rahayu 2015)
resulting in over-harvesting for trade/commerce (Semiarti 2018). Germi-
nation of orchids from seeds is difficult to do (Mondal et al. 2016) making
it ineffective for producing large numbers of seeds (Shekarriz et al. 2014).
The right propagation method to produce orchid seeds quickly and in
large numbers is needed for both commercial market and orchid conser-
vation.

Figure 1. Morphology of Phalaenopsis amabilis. (A) flower), (B) flower stalks, (C)
leaves, (D) air roots, (E) adhesive roots, (I') dorsal sepallum, (G) lateral sep-
allum, (H) lateral petallum, (I) fruit, (J) labellum, (K) callus, (L) hipochillium,
(M) mesochillium, (N) epichillium, (O) antenna/mouth. Bars: 1 cm.

Somatic embryo formation can be induced with a molecular ap-
proach by introducing new traits into the plant genome. One of the genes
that induces the change of somatic cells into embryogenic cells is the
RKD4 gene (Setiari et al. 2018) which encodes a protein with the RWP-
RK motif (Chardin et al. 2014). The RKD4+ gene has the potential to initi-
ate somatic embryo induction because it can activate other specific genes
that have a role in the development of embryo. RKD4 gene encodes a
transcription factor protein with RWP-RK motif in Arabidopsis which
expressed in early zygotic embryogenesis and required for embryonic
pattern formation (Chardin et al. 2014). This gene encodes a transcrip-
tion factor protein that expressed very early in zygotic embryogenesis
(Waki et al. 2011).

Somatic embryogenesis is one of the methods to produce mass or-
chid propagation rapidly and efficiently (Hsing et al. 2016). Somatic em-
bryogenesis is a model system to understand physiological, biochemical,
and molecular conditions that occur during the development of plant em-
bryo (Karami et al. 2009). Somatic cells contain all of the genetic infor-
mation to form a functional and complete of new plant (Yang & Zhang
2010). Somatic cells are very unique because they are able to maintain
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their developmental plasticity and totipotency in a differentiated state
and have ability to differentiate, reproduce, and regenerate into adult
plants within appropriate culture conditions (Neelakandan & Wang
2012).

The insertion of the 4AtRKD+4 gene in orchids has successfully in-
duced ectopic somatic embryo formation in leaves and protocorms (Mose
2019). The somatic embryo has been successfully formed from leaves of
the transformant orchids which contain 4tRKD+ gene after induced by
DEX. P. amabilis transformant plant used in this study carrying T-DNA
that contain glucocorticoid induction system (GR). T-DNA also carries
the hygromycin phosphotransterase (HPT) gene, which is a resistance
gene to hygromycin,

The success of genetic transformation was confirmed in the genome
of the Dendrobium phalaenopsis transtormant carrying 35S:GR:AtRKD4+
gene by amplifying the AtRKD4 gene. The construction of T-DNA car-
rying 85S5:GR:AtRKD+ found in plasmid pTA7002. Similar research on
the integration detecting of gene carrying 35S:GR:AtRKD4 in the ge-
nome of orchid plants has been successtully conducted by Mursyanti et
al. (2015) on Phalaenopsis hybrid orchids "Sogo Vivien".

The formation of somatic embryos involves a process characterized
by a set of morphological changes that direct to plant regeneration. The
stability integration of 4ZRKD4 gene in the transformant P. amabilis ge-
nome needs to be studied. This study aims to analyse the stability inte-
gration level of AtRKD4 gene in P. amabilis transformants, to compare
the morphological and anatomical characters in these orchids, and to
maintain the induction of somatic embryos from transformant plants.

MATERIALS AND METHODS

Materials

This study used 18 months old - non transformant (NT) plantlets and
transformant (T) plantlets carrying 8S::GR:AtRKD#% construct obtained
from our previous research (Mose 2019). The cultures were maintained
under continuous light at 20°C. Total sample of 36 explants randomly
were divided into 2 groups, transformant dan non transformant, put in 6
Petri dish. Each Petri dish consisted of 6 explants.

Methods

Detection of Stability Integration of 4tRKD4+ Gene

Detection of stability integration of 4tRKD+ gene was carried out to con-
firm the presence of AtRKD4 gene in the P. amabilis genome carrying T-
DNA with the construct of 35S:GR:AtRKD4 (Mursyanti et al. 2015)
(Figure 2). Detection was carried out by isolating plant genomic DNA,
then amplitying the DNA genome with specific primers, there are HPT
and AtRKD4 gene. ACTIN gene primers were used as positive controls
because this gene is a house-keeping gene that owned by most of the
plant cells.

VP16  GR  RBCS NOS-P HPT NOST UAS UAs LB

| AtRKD4

GVG

0.5 kb

Figure 2. Construction of T-DNA carrying 35S:GR:AtRKD+ found in plasmid pTA7002 (Mursyanti et al. 2015).
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Regeneration of Positive Transformant

Plants that were positive in the detection for containing AtRKD% gene
(transformant plants) were grown on somatic embryo induction media.
The media used was New Phalaenopsis (NP). The part of the plant used as
explants are roots and leaves. Each root and leave were cut into 3 parts
as independent explants. The explants were cultured for eight weeks,
maintained the growth, observed carefully whether there was growth of
new cells, propagule formation or somatic embryos occurred.

Analysis of Morphological and Anatomical Structure of Somatic Embry-
os of P. amabilis Non-Transformant and Transformant

Morphological analysis was carried out by observing the orchid’s
growth and compare the morphology between transformant and non-
transformant orchid. Morphological analysis was performed by calculat-
ing the formation of somatic embryos from P. amabilis orchid trans-
formant that maintained on NPO medium for eight weeks. The DNA ge-
nome of the somatic embryos was isolated and amplified with AtRKD4
primers to detect the stability of the integration of A/tRKD4+ genes in the
somatic embryos.

Anatomical preparation was conducted by using embedding meth-
od according to Sutikno (2016). Explants from somatic embryos were
fixed using FAA solution (Formalin: Glacial acetic acid: 70% alcohol) and
dehydrated using graded alcohol. Then explants were dealcoholized us-
ing alcohol and xylol mixture. The samples were filtered with pure paraf-
fin. The paraftin blocks were cut using microtomes with a size of 10-20
pm. The cut explant samples were given double staining using 1% safra-
nin and 1% fast green, then it was observed by using a light microscope
to see the anatomical differences between transformant and non-
transformant plants. Anatomical analysis was performed by comparing
the stage of anatomical somatic embryo of transformant to non-
transformant P. amabils.

RESULTS AND DISCUSSION

Detection the Stability Integration of AtRKD4 Gene in Phalaenop-
sis amabilis Transformant Plants

Aoyama & Chua (1997) reported that 35S promoter of cauliflower mosaic
virus (CaMV) is a strong promoter and expressed in almost all tissues in
almost all of plant species at various stages of development. GR induc-
tion system is one of the gene expression systems that is widely used in
plants. In this system, the transcription factor (TF) chimeric GVG con-
tains of yeast GAL4 binding domain (BD), Herpes simplex VP16 activa-
tion domain (AD), and glucocorticoid receptor of mice. The presence of a
GR domain determines the induction. The chimeric protein GVG in the
cytoplasm is bound by a complex of 90 kDa Heat Shock Protein (HSP90)
and cannot enter the nucleus without an inducer such as DEX (Picard
1993). After the addition of DEX, the chimeric protein is released and can
be localized into nucleus as a transcription factor. Isolated genomic DNA
from transformant plants was used as DNA template for detection stabil-
ity integration of the AtRKD4+ gene in the plant genome by using PCR
with specific primers of 4/tRKD4 gene.

The PCR process works well with the ACTIN gene amplification
in all plants, both transformant dan non transformant. The existence of
198 bp DNA fragments of 4tRKD4 gene and 545 bp DNA fragments of
HPT gene indicated the integration of T-DNA in the P. amabilis trans-
formants genome, and 114 bp band ACTIN supported the results as in-
ternal control indicating that the PCR reaction were running well
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(Figure 8 lanes 3-10).

M 1 2 3 4 5 6 7 8 9 10
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Figure 3. Detection of AtRKD4 gene stability integration in the Phalaenopsis
amabilis transformants genome. M: 100 bp GeneRuler markers, Line 1-2: non-
transformant P. amabilis orchids, and Row 3-10: transformant orchid plants car-
rying the 35S:GR:4tRKD+ gene. The 114 bp fragments of ACTIN gene were
amplified from P. amabilis non-transformant and transformant plants carrying
the AtRKD4 gene. The 545 bp fragments of HPT and 198 bp fragment of 4tRK-
D+ gene were amplified from P. amabilis transformant.

The ACTIN as a housekeeping gene which detected almost in all
plant cells was used as an internal control. (Semiarti et al. 2007). The
HPT is the hygromycin resistant gene that used as selection marker of
transformants to hygromycin antibiotics. According to Ouwerkerk et al.
(2001) plants that survived on hygromycin-containing media showed
that these plants were resistant to hygromycin. The 545 bp of HPT gene
was amplified in the P. amabilis orchid transformant genome indicating
that the plant contained a hygromycin resistant gene. The success of ge-
netic transformation was confirmed by the amplification of the AtRKD4
in the genome of the P. amabilis transformant. Similar research on the
detection of AtRKD4 gene integration in the orchid genome has been
successtully carried out by Mursyanti et al. (2015) on the hybrid orchid
Phalaenopsis “Sogo Vivien” and Setiari et al. (2018) on the Dendrobium
phalaenopsis.

The morphological characters of P. amabilis orchids are shown in
the Figure 4. Morphological characters can be observed and measured
both qualitatively and quantitatively. Morphological observations of the
samples were carried out to determine whether there were differences in
the characters of the two plants. The samples have similar morphological
characters. There is no significant difference between them. Observation
data of P. amabilis orchid parameters used independent t-test with o =
0.05 to determine the significant difference in growth between the two
plants. The following Table 1. showed the parameters observed in plants
aged 18 months including number, length, width of leaves and roots.

The data in the Table 1. showed that there are significant differ-
ences between non transformant and transformant plants in the growth
of length and width of leaves. There is also significant differences be-
tween the number of roots of the sample. Meanwhile, in the number of
leaves, length and width of roots, there were no significant difference in
growth. The average growth of each parameter for 8 weeks can be seen
in the following Figure 4.
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Table 1. The growth of Phalaenopsis amabilis non-transformant and transformant for eight weeks.

Average
Parameter Initial Measurement  Growth Difference  Percentage Growth (%) Sig (2 tailed

NT T NT T NT T test)
Number of leaves 4 3.75 0 0 0 0 0.730
Length of leaves (mm) 38.68 24,47 0.86 0.2 2.2 0.8 0.008
Width of leaves (mm) 9.16 8.16 0.59 0 6.5 0 0.001
Number of roots 4 6.5 0 0 0 0 0.082
Length of roots (mm) 27.05 30.34 0.56 1.87 2.1 6.2 0.642
Width of roots (mm) 3.08 3 0.63 0.05 20.5 1.5 0.230

*p < 0.05 means significant difference
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Figure 4. Growth graph of non-transformant (NT) and transformant (T) P.
amabilis plants carrying construction 35S:GR:ATRKD4 for 8 weeks.

From the graph, the growth rate in the number of leaves and roots
of transformant plant explants was higher than non-transformant plant
explants which indicates a higher regeneration ability of transformant
plants (Dwiyani et al. 2015). Meanwhile, the root length of the trans-
formant plants was also longer than the non-transformant plants. Based
on the growth parameters of leaf length, leat” width, and root width,
transformant plants had lower growth performance than non-
transformant plants. Auxin in  vitro culture is able to make cells in
plant tissues undergo a process of division, enlargement, and encourage
root formation (Sulasiah et al. 2015). Auxin is a hormone that plays a role
in the formation of cell polarity, cell enlargement and elongation, cell
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asymmetric division, as well as initiation of root formation (Deo et al.
2010; Gutiérrez-Mora et al. 2012). The addition of auxin in transformant
plants will activate the expression of the AUXIN RESPONSE FACTOR
gene (ARF7 and ARF'19). ARF will then act as a transcription factor to
activate downstream targets in the form of LATERAL BOUNDARIES
29 (LBD29) and KRYPTONITE (KYP/SUVH4) genes. LBD29 and
RYP/SUVH#% are key genes for in vivo development and n vitro dedifter-
entiation of Arabidopsis cells (Deng et al. 2015).

Induction of somatic embryos from P. amabilis transformant using
hormone-free medium

The explants used for somatic embryo induction were from 1 year and 6-
month-olds P. amabilis plantlets cultured on solid hormone free-NP me-
dium for eight weeks. The emergence of propagules from wounded parts
of leaf explants of P. amabilis transformant indicates that the formation of
somatic embryogenesis has initiated. The injury in the middle of the ex-
plant aims to trigger the explant response to initiate embryogenesis. The
percentage of somatic embryo (SE) emergence increases because of an
injury in the middle of the explant. The injury is caused by a response
from the uninjured cell near the injured cell that will activate and initiate
cell proliferation (Iwase et al. 2011). Orchids transformants grown on
NPO medium formed somatic embryos directly from wounded area of the
leaves and produced about 20% from the total 5 explants grown in hor-
mone-free NP medium. Von Arnold et al. (2002) added that younger,
meristematic explants had a higher ability to induce somatic embryogen-
esis than differentiated plant cells. Somatic embryo formation began to
appear in the second week (Table 2).

P. amabilis non-transformant did not produced somatic embryos
when it cultured on NPO medium. Although it showed the formation
chlorosis of explants and then browning after being cultured for 4 weeks.
Browning is caused by wounding on the explant when it is being cut.
When the plant is injured, a burst of reactive oxygen occurs on the ex-
plants which affect the integrity of the membrane (Cascia et al. 2012) and
result in loss of cellular compartmentalization of cells. Browning is
caused by phenolic compounds in the explants (Di Guardo et al. 2013).
The phenolic compounds were caused by wounding act as signaling mol-
ecules and promote increased levels of PPO (polyphenol oxidase). In this
condition, PPO expression and PPO protein levels are up and cause
browning to appear (Deng et al. 2015).

The histological analysis used to see the anatomical structure and
origins of the somatic embryos structure that surrounding the embryo
(Figure 5).

Steeves and Sussex (1989) stated that the stages of somatic embryo
formation begin with the formation of proembryos in the explant epider-
mal tissue. The proembryo consists of small cells with a large, darker col-
oured nucleus. Then a globular embryo is formed which is characterized
by the enlargement of the proembryo and the formation of a protoderm-
like. This structure consists of a layer of cells, organized frequently and
tightly. The globular embryo then grows lengthwise and forms a suspen-
sor-like structure at its baseline. Suspensors function for nutrient
transport for the embryo, especially in the beginning stages of embryo-
genesis. The appearance of the suspensors also indicates that the somatic
embryos originates from a single cell. The basal structure of the embryo
reveals the origin of an embryo. The embryo was derived from a single
cell which resembles suspensor in its basal and has been determined since
initial division (Horstman et al. 2017). Then, the embryo formed scutellar
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notch which mark the conformation of the shoot apical meristem (SAM)
and represent the early stages of coleoptile development (Alcantara et al.
2014). Then shoot meristem (sm) is formed from the scutellar notch. The
embryo elongated formed a root meristem and two leaf primordia cov-
ered with coleoptile which named coleoptilar embryo. Histologically, the
somatic embryo development of P. amabilis orchids transformant showed
that the somatic embryo development pattern is the same as the somatic
embryo development pattern of general monocot plants, which includes
the stages of proembryo, globular embryo, scutellar embryo, and coleop-
tilar embryo.

Table 2. Induction of somatic embryos from transformant and non-
transformant P. amabilis leaf explants.

Week Non transformant P. arnabilis Transformant P. amabilis

Notes: (A-IY) Formation of somatic embryos (SE) of leaf explants from
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Sm|

Figure 5. Anatomy of somatic embryos from the leaf explants of P. amabilis transformant. (A) The structure re-
sembles to proembryo (arrow) derived from epidermal. (B) Globular embryo, enclosed by protoderm (arrow). (C)
Globular embryo with an extended suspensor (arrow) on the basal region. (D) The formation of a scutellar notch in
the apical (arrow). Arrows in A, B, and D indicate the position of somatic embryo initiation. Arrow in C indicates
an extended suspensor on the basal region of SE. (E) The formation of shoot apical meristem (sam) and leaf primor-
dia (Ip). (F) SE contains shoot meristem (sm), leaf primordia (lp), enclosed by coleoptile, and root meristem (rm).
Bars = 1000 pm.

355:GR:AtRKD+ transformants at the cutting site. (A) SE (arrows) formed
from the surface area of the wounding section (B) early stages of somatic em-
bryogenesis starting with formed of proembryo. (C) Proembryo developed into
globular embryo. (D) The number of somatic embryos enlarged. (E) The globu-
lar embryo developed into a scutellar embryo (F) the embryo begins to form a
bud (arrow). (AA-FF) Induction of SE in leaf explants from non-transformant
plants. (FF) Arrows indicate browning in explants. (Bars: 5mm)

CONCLUSION

The AtRKD4 gene is stably integrated in the P. amabilis transformants
genome. There is no difterence between the growth of' P. amabilis trans-
formant and non-transformant based on the number of leaves and the
length and width of the roots. Somatic embryos can be induced directly
from leaves of P. amabilis transformant cultured on hormone-free NP me-
dium that produced about 20% somatic embryos, but not from non-
transformant leaves. There is no significant difference on anatomic char-
acters between somatic embryo of P. amabilis transformant and non-
transformant plants.
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