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1. INTRODUCTION

Bitter gourd (Momordica charantia L.; 2n=2x=22) is an important vegetable crop
belonging to the family Cucurbitaceae. It is originated in tropical Africa and the genus
Momordica comprises 47 species whereas only 12 species are distributed in Asia and
Australia (Schaefer and Renner, 2010). Two main botanical varieties of the genus
Momordica includes, M. charantia var. charantia, which produces large fruits and
M. charantia var. muricata, a wild variety with small and round fruits (Chakravarthy,

1990; John and Antony, 2008).

The various names of bitter gourd in different parts of the world include bitter
melon, balsam pear, bitter cucumber, African cucumber and Karela (Heiser, 1979). India
produces about 1204 thousand metric tons of bitter gourd from an area of 99,000 hectare
(NHB database, 2018-19). The leading states of bitter gourd cultivation in India are Tamil
Nadu, Kerala, Maharashtra, Uttar Pradesh, Andhra Pradesh, Gujarat etc.

It is a fast growing trailing or climbing vine crop and having immense nutritional
and medicinal values. The immature fruits of bitter gourd are widely consumed as a
vegetable and are well known mainly for its anti-diabetic and other medicinal properties
(Robinson and Decker-Walters, 1997). It is considered as the most nutritive among
cucurbits as its fruits are rich in vitamin A, vitamin C, iron, phosphorus and carbohydrates
(Miniraj et al., 1993; Desai and Musmade, 1998). Ascorbic acid and iron content are
higher in bitter gourd compared to other cucurbits (Behera, 2004). Its immense medicinal
properties are due to the presence of beneficial phytochemicals which are known to have
anti-diabetic, antibiotic, anti-mutagenic, anti-cancer, antioxidant, antiviral, antihelmenthic
and immune enhancing properties. Phytochemicals like charantin and momordin in fruits

are clinically proven for its hypoglycemic activity (Grover and Yadav, 2004).

The major sex form in bitter gourd is monoecious where both male and female

flowers occurs seperately in a same plant. However, gynoecious sex type bearing only



female flowers has also been reported from India, Japan and China (Ram et al., 2002;

Behera et al., 2006; Iwamoto and Ishida, 2006).

Heterosis breeding is the best option for obtaining higher yield in bitter gourd,
since most yield contributing traits such as number of fruits per plant, fruit length, fruit
weight etc., are governed by non-additive gene action (Mishra et al., 2015). However, it
involves labour-intensive emasculation and controlled mating, which makes development

of hybrids so expensive.

Utilization of gynoecy is economical and easier for exploiting hybrid vigour in
bitter gourd as it facilitates hybrid seed production under open field conditions eliminating
the need for emasculation and assisted pollination. Use of gynoecious parental lines that
produce only pistillate flowers, reduces the labour requirement, increases seed yield and
helps to maintain hybrid genetic purity. These lines also have better genetic combining
ability and gynoecious x monoecious hybrids mature early having higher yield potential

(Dey et al., 2010).

Sex expression in cucurbits is highly influenced by the environmental conditions in
which bitter gourd seedlings grow (Wang and Zeng, 1997) which makes the early
phenotypic detection of gynoecious lines a challenging task. Marker-Assisted Selection
(MAS) using molecular markers closely linked to gynoecious locus helps in distinguishing
gynoecious genotypes from monoecious bitter gourd types. However in India, molecular
breeding in bitter gourd is in its infancy and the available conventional polymorphic

markers for gynoecism in bitter gourd is very limited.

Hence, the present study was undertaken with the objective of developing
molecular marker that can distinguish gynoecious genotypes from the monoecious
genotypes of bitter gourd through characterization of putative candidate genes responsible

for gynoecy.
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2. REVIEW OF LITERATURE

2.1. General background

Momordica charantia L., commonly known as bitter gourd is a common vegetable
of tropics and sub-tropics of Asia. The immature fruits are valued for its nutritional and
medicinal uses. It belongs to the family Cucurbitaceae and it has a diploid chromosome

number of 2n=22.

The significance of gynoecious lines in increasing crop yield is well known and
studied extensively in cucurbits especially in cucumber and melon. Understanding the
genetics and the molecular mechanism behind the gynoecious sex determination will pave
the way for improvement of the trait. A great deal of experimental evidence is there in
literature showing the influence of various plant growth hormones in regulating plant sex
determination and the complex network of genes and pathways related to it. The pertinent
literature on various aspects investigated during the course of this study is reviewed here

under different topics.
2.2. Plant sex determination

Most of the angiosperms species produce hermaphroditic flowers in which both
male and female reproductive organs are present. To prevent self- fertilization that may
lead to loss of fitness due to inbreeding depression, the flowering plants have evolved some
strategies for sex determination (Darwin, 1876). The production of unisexual flowers is
one such strategy, in which the gametes of male and female are segregated on different
flowers of the same plant (monoecious species) or on separate individuals (dioecious
species). Thus the unisexual flower will have either stamens or pistils. There are two types
of unisexual plants: monoecious with both male and female flowers on the same plant and
dioecious with male and female flowers on different plants. Outcrossing promoted by this

strategy leads to enhanced genetic diversity.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC135508/#bib12

Flowers that are initially perfect undergo stage-specific and selective arrest of
preformed organ primordia to attain unisexuality; but the difference arises in the manner
in which and stage of floral morphogenesis at which the arrest of reproductive organs
occurs (Dellaporta and Calderon-Urrea, 1994). For example, the sex organ primordia abort
completely in maize, whereas in cucumber, the primordial arrest occur in their growth

stage (Malepszy and Niemirowcz-Szcytt, 1991; Grant et al., 1994).

Sex determination, an important phenomenon in cucurbits is a developmentally
regulated way culminating in plants having different sexual flowers. Many studies have
been conducted for understanding what determines plant sex differentiation (Ainsworth,
1999; Tanurdzic and Banks, 2004; Perl-Treves and Rajagopalan, 2006; Boualem et al.,
2008; 2009; Li et al., 2009; Martin et al., 2009). Yet the knowledge on what triggers the
development decision process and how it could be carried out in an organ-specific manner

remains vague.
2.3. Sex expression in bitter gourd

Cucurbits are not only the crops of economic importance, but also represented as
model species for the studying plant sex determination, since they are having the ability
to harbour various sex forms from primitive hermaphrodite to advanced monoecious type
(Robinson and Decker-Walters, 1999). A definite gender of individuals in a plant
population is termed as sex expression (Cruden and Lloyd, 1995; Neal and Anderson,
2005). The evolutionary changes over generations and the effects of dominant mutations
give rise to modification of sex expression from perfect to the range of intermediate sex

forms.

In bitter gourd, the sex expression is categorized into two main types, monoecious
and gynoecious, whereas other sex forms like androecy, andromonoecy and
hermaphrodite were also found rarely in nature. Further, plants with both female flowers

and hermaphrodite were also detected (El-Shawaf and Baker, 1981).


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC135508/#bib15
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC135508/#bib24
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC135508/#bib20

Usual flowering habit in a monoecious bitter gourd plant is the formation of
flowers in a preset, developmental sequence along the main stem, with an initial male
flowers followed by an alternate phase of female and male flowers and terminated by a
female flowering phase (Shifriss, 1961). Gynoecism is a condition in which all flower
nodes bears female flowers. Gynoecious plants with only pistillate flowers or with

predominate expression of pistillate flowers were identified in different places of world.

Although sex expression is controlled by sex determination genes, various factors
such as phytohormones, chemical inhibitors and environmental factors like day length,
humidity and temperature also alter the sex expression by modified expression of such
genes (Meagher, 2007). Growing M. charantia seedlings under short photoperiod with
low temperature (e.g. 25 °C day/15 °C night) promotes rapid development of gynoecy.
High frequency of pistillate flowers can be encouraged by beginning the short day

treatment from seedling emergence till sixth — leaf stage (Behera et al., 2011).

Similar to cucumber and melon, the plant hormone ethylene has feminizing effect
in bitter gourd. Hence, chemical application of ethylene inhibitors like GA3, silver nitrate
and silver thiosulfate is adopted after the first female flower to induce hermaphroditic

flowers (Matsumura et al., 2014). It helps in maintanance of gynoecious plants population.

2.4. Sources of gynoecious bitter gourd

The predominant sex type in the bitter gourd is monoecious but gynoecious sex

type also has been randomly reported from India, China and Japan (Behera ef al., 2006).

Although the gynoecy in bitter gourd occurs very rare in nature, Zhou ef al. (1998)
have identified a population with high proportion of pistillate flowers in bitter gourd and

utilized it for hybrid development.

The gynoecious plants of bitter gourd with absolute expression (only pistillate
flowers) of gynoecism was identified by Ram (2002) and it was the first report on its
preliminary characterization. Three gynoecious plants, viz., Gy23, Gy63 and Gy263B

were obtained in three germplasm populations and each plant is crossed with its



corresponding monoecious population (Ram et al., 2002). Finally they developed five
populations with high proportion of pistillate flowers from the absolute gynoecious plant
through selfing and sib-mating. These five populations were characterized by the
emergence of pistillate flowers at lower nodes which makes them promising for yield

improvement and hybrid production.

DBGy-201 and DBGY-202 are the two gynoecious lines isolated from indigenous
source, from its related wild form, M. charantia var. muricata L. (Behera et al., 2006). In
2006, Iwamoto and Ishida developed gynoecious inbred from the cv. Aochu-naga plants
with a large percentage of female flowers chosen from the breeding material line

(LCJ980120) by selfing or crossing to same pedigree.

Matsummra et al. (2014) also identified a gynoecious bitter gourd line OHB61-5
from Okinawa, Japan in which only female flowers were present and it was supposed to
be a spontaneous mutant. Two another gynoecious bitter gourd lines, IHRBTGy-491 and
ITHRBTGy-492 were reported by Varalakshmi et al. (2014).

Kerala Agricultural University identified a gynoecious line (KAU-MCGy-101)
and tested it for stability of the gynoecious sex expression. The gynoecious sex expression
in the inbred (KAU-MCGy-101) was stable, as only female flowers were produced
throughout the growth phase in all the plants resulted from sib-mated population (Minnu
Ann, 2019). Compared to the early reported gynoecious lines, the inbred was superior in
terms of average fruit weight, fruit length and girth, thus holding enormous potential for

earliness and yield in the upcoming breeding programmes.

Jadhav et al. (2018) isolated four gynoecious lines (Gy-1, Gy-14, Gy-15 and Gy-
34) with 100 per cent gynoecy nature from the bitter gourd cultivar, NBGH-167
expressing predominately gynoecious sex type, through plant by plant selection of its

transgressive segregants in progeny row method.



2.5. Inheritance of gynoecy in bitter gourd

In 2006, Ram et al. performed genetic analysis to study the inheritance of
gynoecism in bitter gourd using a 100 per cent gynoecious line (Gy263B) and an inbred
monoecious line Pusa Do Mosami. Both the lines were crossed, the obtained F; was
crossed with Gy263B to produce test cross progeny. Both the F> and test cross progeny
segregated for gynoecism in the ratio of 3:1 (3 monoecious: 1 gynoecious plants) and 1:1
respectively which revealed that gynoecy is under the control of a single recessive gene.
A gene symbol gy-1 is proposed for the expression of gynoecism in bitter gourd according
to cucurbits gene nomenclature (Robinson et al., 1976). However, in contrast to their
finding, Iwamoto and Ishida (2006) proposed the partial dominant nature of gynoecism in

bitter gourd.

Behera et al. (2009) crossed two gynoecious lines, DBGY-201 and DBGY-202
with two monoecious cultivars, Pusa Do Mausami and Pusa Vishesh and observed the
segregation of gynoecism in F> populations in the ratio of 3:1. Their findings confirmed
the single recessive (gy-7) control of gynoecious sex form in bitter gourd reported earlier
by Ram et al. in 2006. The same pattern of inheritance of gynoecism was also reported

early by Poole and Grimball in 1939 in melon.

In the same way, the gynoecious line OHB61-5 was crossed with a monoecious
line, OHB95-1A in which the frequency of female flowers per plant is approximately 5
per cent and the resulting F> population were analyzed. The results of Matsummra ef al.
(2014) were also on par with the earlier reports indicating the monogenic recessive nature
of gynoecy trait, since they observed the segregation ratio of 3:1 for gynoecism. In 2015,
Mishra et al. also substantiated the same in the cross DBGy 201 x S-2 and DBGy 201 x

Pusa Do Mausami of bitter gourd.

Two cultivated inbred lines, the gynoecious line, K44 and the monoecious line,
Dali-11 were crossed and the derived F» population was studied for determining the
inheritance of gynoecy. The population was divided and grown in two different

environment. Though their data showed gy as a qualitative character, Cui et al. (2018)



noticed a change in segregation pattern between these two populations grown at different
environments. One of the population segregated in the 3:1 ratio for gynoecy, however in
contrary to the previous findings, the other population showed two-genic segregation

(15:1), showing that gynoecy may be controlled by interaction of atleast two genes.

In 2018, Rao et al. crossed the bitter gourd lines DBGy-201 with 100 per cent
pistillate flower frequency and Pusa Do Mousami with 6 per cent pistillate flower
frequency to investigate the inheritance pattern of gynoecy. All the F; population were
monoecious with 33 per cent pistillate frequency showing it as a dominant character. F»
population fitted well in the expected ratio of 3 monoecious: 1 gynoecious and BCP;
population also segregated in 1: 1 ratio explaining the monogenic recessive inheritance

nature of gynoecy in bitter gourd.

Overall, there are different opinions among the researchers regarding the
inheritance of gynoecism in bitter gourd. The majority confimed that a monogenic
recessive gene (gy-I) governs gynoecy (Ram et al., 2006; Behera et al., 2009;
Matsummura et al., 2014) and the rest claims that gynoecism is partially dominant
(Iwamoto and Ishida, 2006) or semi-dominant. Two pairs of genes governing gynoecy

were also reported by Cui ef al. (2018).
2.6. Candidate genes for gynoecy

Plant sex determination which is associated with yield and quality, is a research
hotspot in plant science. In cucurbits, the genes involved in sex determination is
orthologous and highly conserved. Cucumber is considered as a model system for sex
determination studies due to its diverse floral sex types (Tanurdzic and Banks, 2004).
Cloning of several major sex-determining genes in cucurbit species have paved the way for
significant progresses over years in elucidating the mechanisms of this fundamentally
important development process in flowering plants (Boualem et al., 2008; Li et al., 2009;
Martin et al., 2009). The process is regulated on many omics level at several points during
floral morphogenesis by a complex regulatory network of interacting genes (Pawetkowicz

etal. 2019).


https://link.springer.com/article/10.1007/s11032-019-0959-6#ref-CR90

In 2010, Guo et al. performed digital expression profiling to compare the
transcriptome dynamics between the two near-isogenic lines, a gynoecious line (WI1983G)
and a hermaphroditic line (WI1983H) of cucumber. 214 differentially expressed genes
were identified out of which, 90 and 124 genes were upregulated in gynoecious and
bisexual flowers respectively. They also reported some transcription factors (TFs) like zinc

finger TFs, auxin response TFs that have higher expression only in hermaphrodite flowers.

Gunniah et al. (2014) performed an in-silico differential gene expression analysis
between a gynoecious (Gy323) and monoecious (DRAR-1) line to identify potential
candidate genes governing gynoecy in bitter gourd. A total of 7865 genes were
differentially regulated between two lines, 4131 genes were up regulated and 3734 genes
were down-regulated in gynoecious line Gy-323. Among the up regulated, genes having
significant role in ethylene biosynthesis or flower organ development might be the
potential candidate genes of gynoecy. Thus a list of putative candidate genes for gynoecy
have been identified which includes BTB/POZ domain-containing protein, ACS, ACO,
ETR and ERFs. The maximum up regulation for gynoecious line was observed for an
Arabidopsis homologue BTB/POZ domain-containing protein that determines the floral

organ development with seven fold increase than the monoecious line.

Similarly, in bitter gourd transcriptome dynamics between female flowers of a
gynoecious line (DBGY-201H) and hermaphrodite flowers (DBGY-201H) of the same line
was compared using RNA-seq technology (Behera ef al., 2016). A significant difference
in gene expression was obtained for 477 annotated unigenes, out of which 237 were down-
regulated and 59 were up-regulated in the DBGY-201H sample. They also reported
differentially expressed ESTs between two flower types, which will provide valuable
information for understanding the molecular mechanism of sex determination and

accelerates gene discovery.

In 2018, Cui et al. constructed restriction site associated DNA (RAD)-based genetic
map for bitter gourd using F> population between two cultivated inbred lines, the

gynoecious line, K44 and the monoecious line, Dali-11. The map comprised 11 linkage



groups out of which they have identified QTL/gene gy/fffn/ffn, controlling sex expression
involved in gynoecy, first female flower node, and female flower number in the first
linkage group. They have also reported the list of candidate genes controlling the sex
expression in bitter gourd by mapping the flanking RAD tags to the OHB3-1 reference
genome. They also confirmed the location of gy locus determining the male to female
flowers ratio at the distal end of the linkage group 1 which was previously reported by

Matsumura et al. (2014).

In 2020, Matsummura et al. identified a gene NUA (Nuclear Pore Anchor)
associated with the QTL determining gynoecy in bitter gourd. The 60-kb full-length gene
comprises mostly of introns and the coding sequence of only 6,240 bp. Upon BLAST search
they found homolog in Arabidopsis thaliana having 6,345 bp coding sequence which is
reported to greatly influence stamen length and anther size, thus showing NUA as a potential

candidate gene for gynoecy in bitter gourd.

It is well known that the plant hormones like auxin, ethylene and gibberellin play a
major role in modifying plant sex. Studies have shown that majority of the differentially
regulated genes between monoecious and gynoecious bitter gourd were related to plant
hormone signal transduction such as auxin and ethylene biosynthesis which will be

discussed below under separate topics.
2.6.1. Ethylene mediated sex determination

The phytohormone ethylene is involved in various aspects of the plant life cycle
starting from germination of seed, root hair development, root nodulation, flower
senescence, abscission to ripening of fruit (Abeles, 1973; Lieberman, 1979; Yang, 1985;
Yang and Hoffman, 1984; Mattoo and Suttle, 1991). It is recognized as a potent modulator
of growth and development in plants (Ecker, 1995).

The precursors of ethylene are S-adenosylmethionine (S-AdoMet) and ACC (1-
aminocyclopropane-1-carboxylic acid). The initial step of ethylene biosynthesis comprises
of converting S-AdoMet to ACC by the enzyme ACC synthase. Eventually, ACC is
converted to ethylene by the enzyme ACC oxidase (Yang and Hoffman, 1984; Kende,
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1993). Apart from this, ethylene signaling pathway genes like ETR, ERS, EIN and ERF
also plays important role in regulation of ethylene in plants.

Ethylene is considered as the primary sex determination factor and it has been
highly correlated with femaleness (Rudich et al., 1972a, 1976; Yin and Quinn, 1995). It is
produced in high quantities in gynoecious cucumber plant than in monoecious (Rudich et
al., 1972b; Trebitsh et al., 1997). Furthermore, when ethylene biosynthesis and action were
inhibited, female flower development was found to be suppressed (Beyer, 1976; Atsmon

and Tabbak, 1979; Takahashi and Suge, 1980; Takahashi and Jaffe, 1984).
2.6.1.1. Ethylene related genes

The facilitators of ethylene receptor for the development of unisexual flowers of
cucumber include two ACS genes, CsACS1G and CsACS?2 (Trebitsh et al., 1997; Kamachi
et al., 1997; Yamasaki et al., 2001, 2003a, 2003b; Saito et al., 2007), two ACC oxidase
genes, CsACO2 and CsACO3 (Kahana et al., 1999), three ethylene receptor genes,
CsETRI, CsETR2 and CsERS (Yamasaki ef al., 2000), and a MADS-box gene, ERAF17

(Ando et al., 2001) suggesting the role of ethylene in induction of female flower.

Ethylene response factor (ERFs) are transcription factors characterized by the
presence of an AP2/ERF-type DNA-binding domain specific to plants. (Lin et al., 2009;
Klee and Giovannoni, 2011). They promote initiating the expression of downstream
ethylene-responsive genes (Zhang et al., 2009; Klee and Giovannoni, 2011; Liu ef al.,
2016). ERF proteins takes part a major role in ethylene biosynthesis by controlling the
transcription of ACS and ACO genes (Xiao et al., 2013 and Li et al., 2016; Tao et al., 2018).

2.6.1.1.1. ACS genes

It has been proposed that ethylene biosynthesis is primarily regulated at the ACC
synthase level (Yang and Hoffman, 1984). A multi-gene family encodes this enzyme and
its member shows differential expression as a response to many factors (Huang et al., 1991,
Nakagawa et al., 1991, Olson et al., 1991, Rottmann et al., 1991, Liang et al., 1992,
Zarembinski and Theologis, 1993, Destefano-Beltran et al., 1995). Molecular regulation
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of sex expression by ethylene can be understood by identification of specific ACC synthase
(ACS) gene(s) involved in pistillate flower development.

The enzyme ACC synthase activity was observed more in the apex of gynoecious
plants than in monoecious plants (Trebitsh ez al., 1987). The gene ACS was found to be
differentially expressed between gynoecious and monoecious cucumber when genome-
wide transcriptome profiling was done. The differential expression is highly attributable to
the mutation in ACS and auxin related genes (Wu et al., 2010).

High expression of CsACSI, CsACS2, CsACSI1I accompanied with elevated
endogenous ethylene concentration was correlated with gynoecy and female flower
formation in cucumber (Knopf and Trebitsh, 2006; Saito et al., 2007; Boualem et al., 2016,
Chen et al., 2016).

A single copy of Cs-ACS1 gene was obtained by Trebitsh et al. (1997) in
monoecious (cv. Marketmore76; MM{f) cucumber, whereas, at least one additional copy
of this gene was obtained from gynoecious (cv. Marketmore 76F; MMFF). The accelerated
rate of sex conversion may be the reason for the occurrence of additional Cs-ACS1G in
gynoecious line. The monoecious lines contained Cs-ACSIG in their genome which is
auxin-inducible. So, it can be inferred that female flowering potential of monoecious
cucumber plant is retained and manipulation of auxin and ethylene can promotes female
flowering. They suggested that the Cs-ACSIG is closely linked to F locus and may play

pivotal role in sex differentiation in cucumber.

Wu et al. (2010) also confirmed the presence of one additional copy of CsACS1G
in gynoecious cucumber. Li ef al. (2020) confirmed the refined structure of F locus in
gynoecious cucumber, and elaborated that out of three genes (CsACSI, CsACSIG, and
CsMYB)inthe F locus, only CsACS1G, aduplicated copy of CsACS1 with recombinantdistal
promoter is responsible for gynoecy. Further, loss of this additional copy due to unequal

crossing over during meiosis caused gynoecy instabilty in cucumber.

Among the ACC synthase encoding genes, only Cs-4ACS2 mRNA was detected at

the apices of gynoecious cucumber in which female flowers were developing. It was also
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found co-segregating with M locus. Thus Cs-ACS2 gene was reported to be potentially
involved in regulating the development of female flowers at the apex of the gynoecious
cucumber plants (Kamachi et al., 1997). Involvement of CsACS4 gene in the diurnal
rhythm of ethylene evolution was suggested by Yamasaki et al. (2003b).

A modified model for sex determination in cucumber was proposed by Li et al.
(2012) in which CsACS2 and CsACS1G encode ACC synthase enzymes; their cooperation
produces male, female or perfect flowers. In female flowers bud primordia, at first F gene
activated and female flower development will be promoted by ethylene. It also activates M
which, then starts its positive feedback expression. The accumulation of ethylene
continuously beneath the region of the pistil primordia by translation of the M gene mRNA

constantly arrests development of stamen primordia, resulting in female flowers.

Boualem et al. (2009) found the specific expression of CmACS-7 in carpel
primordia of buds which are determined to develop into carpels of melon. An inter-organ
communication is likely responsible for staminal development inhibition after ACS
expression. Development of female flowers in cucumber is influenced by ethylene through
organ specific induction of DNA damage in the primordial anther of female flowers. This
was demonstrated by Wang et al. in 2010 where they observed the down regulation of
CsETRI, the component gene in ethylene signaling pathway, temporally and spatially in
the stamens of stage-6 female flowers. In contrast to that in water melon, the development
of male flowers is promoted by ethylene. Both water melon ACS genes, CitACSI and
CitACS3 were expressed in floral tissues but the former one was also detected in the
vegetative tissues showing its involvement in plant growth and development. The
expression of CitACS3 was found in in open flowers and staminate floral buds (male or
hermaphrodite), but absent in the female flowers. Up regulation of CitACS3 by ACC and

its role of ethylene-regulated anther development were explained by Minkov et al. in 2008.

Bouleam et al. (2008) revealed that a single-nucleotide mutation in the highly
conserved region of the CmACS-7 affected the protein function and resulted in the reduced

enzymatic activity of ACC synthase in melon. The active enzyme does not leads to the
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carpel development directly but suppresses the stamen development in female flowers.
Thus, failure of the enzyme to act results in the hermaphrodite flowers, leading to an
andromonoecious plant. The stamen inhibiting ‘A’ locus in melon encodes this gene.
CmACS7 is the orthologous gene of CS-ACS2 in cucumber (Boualem et al., 2009).
Similarly in water melon, the active C/ACS7 enzyme leads to female flower development
in monoecious lines, whereas a hermaphrodite flowers will be resulted when the enzymatic

activity is decreased (Bouleam et al., 2016).

Manzano et al. (2016) isolated and characterized the watermelon gene CitACS4,
which is highly similar to the previously reported ethylene biosynthesis genes, CmACS?7,
CsACS?2 and CpACS27A4 known to be associated with andromonoecy. ACS type 11l enzyme
encoded by this gene has its predominant expression in pistillate flowers. A mis-sense
mutation in the conserved region (C364W) of this gene was detected in andromonoecious
lines, with concomitant reduction in the ethylene levels. Thus they elucidated that the
mutation interrupted the ethylene biosynthesis required for arrest of stamen in flower buds
destined to become female, resulting in a hermaphrodite flower for andromonoecy.

In 2015, Bouleam et al. illustrated that the gene CmACS11 in melon is responsible
for determination of female flower by repressing the male promoting gene, CmWIP1. So,
loss of ACS!1 function causes stamen development leading andromonoecy. Similarly in
cucumber, CsACS11 was suggested to be connected with ‘A’ locus. ERF protein genes in
cucumber and melon, CsERF11 and CmERF11 mediates ethylene regulated transcription
of CsACSI11 or CmACS11 gene respectively, as a response to ethylene signaling (Tao et
al., 2018).

Silver Thiosulphate (STS) is an ethylene inhibitor that blocks the perception of
ethylene by plants thereby modifiying its sex. In bitter gourd, spraying Silver Thiosulphate
(STS) @ 6mM can be manipulated for conversion of female flower buds to hermaphrodite
ones. In 2015, Kumari took up a study to understand the expression of McACS genes during
four different stages of conversion of female buds to perfect buds. The expression of
McACS?2 gene was seen reduced after 1% spray and increment in expression was observed

during the formation of hermaphrodite flowers. Thus, it is hypothesized that ethylene
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perception will be reduced by silver ions which in turn resulted in the reduced accumulation
of McACS gene mRNA in the flower buds of gynoecious line (DBGy-201). This provides
the strong evidence that McACS2 mediated biosynthesis of ethylene is associated with sex

determination in bitter gourd.

In 2014, Gunniah et al. identified a list of putative candidate genes responsible for
gynoecy in bitter gourd through insilico differential gene expression analysis between
monoecious and gynoecious plants. Ethylene related genes like ACS, ACO, ETR and ERS

predominated the list.

Synteny mapping and phylogenetic analysis of conserved genes done by, Urasaki
et al. in 2017, revealed that bitter gourd was closely related to water melon (Citrullus
lanatus) than Cucumber (Cucumis sativus) or melon (C. melo). Since the genes of sex
determination were identified in cucumber and water melon, they were used for
comparison in bitter gourd genome to find the orthologous genes. The protein
MOMC3 649 and two proteins MOMC46 189, MOMCS518 1 were the presumed
orthologs of CmAcsi1 and CmAcs-7 in bitter gourd respectively. On validation, elevated
expression of MOMC3  649¢g (encoding CmAcsll1-like protein) and MOMCS518 1g
(encoding CmAcs-7-like protein) in pistillate flowers than staminate ones was observed.
The results were consistent with previous findings which reported the high expression of

ACS11, ACS7 and ACS2 in female flower buds of cucumber and melon.
2.6.1.1.2. ACO genes

High ACC oxidase activity and transcript levels were associated with actively
dividing tissues in pea and sunflower seedlings, respectively (Liu et al., 1997). Organ-
specific ACO expression patterns were demonstrated in developing tomato flowers (Barry
et al., 1996). In Petunia, two ACO genes were specifically expressed in developing pistil

tissue (Tang et al., 1993).

In 1999, Kahana et al. isolated three full length cDNAs of ACO genes, CsACOI,
CsACO2 and CsACO3 from different sex type and phases in cucumber plants. Differential
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response to etherel treatment was observed in CsACOZ2 and CsACO3 in different floral
types and organs. Further, they demonstrated that the mechanism controlling the ethylene
production during flower development is a complex process and the expression of CsACO2

in the shoot apex is irrelevant to the process of sex determination.

Chen et al. (2016) provided an evidence of a single nucleotide mutation in ACO
gene conferring andromonoecy to cucumber. The enzymatic activity of CsACO2 gene will
be disrupted resulting in the decreased ethylene emission from shoot tips during the critical
stage of sex determination. The development of carpel was blocked, turning the plant to
andromonoecy. The orthologous gene of CsACO?2 in melon, CmACO3 also showed similar
expression pattern in the region of carpel development. Though, it is contradictory to the
previous report by Kahana et al. (1999), they elucidated that their conclusion was not drawn

from the buds of critical stage of sex determination.

2.6.2. Transcription factors (TFs) in sex determination

Sequence-specific DNA-binding factor, otherwise called transcription factor (TF)
is a protein that regulate the transcription of DNA to mRNA by attaching to specific DNA
sequences. Transcription factor regulates various genes involved in organ differentiation
(Singh et al., 2002). Sharma et al. (2013) also demonstrated that neo-functionalization and
sub-functionalization of transcription factor plays a major role in plant morphology

differentiation.
2.6.2.1. MADS box genes

In flowering plants, sex determination is a complex process involving several genes
expressed differentially at various tissues and developmental stages (Charlesworth and
Mank, 2010). One among those is the genes encoding the MADS box family transcription

factors which plays a prominent role in the reproductive stage of the plants.

The Arabidopsis AGAMOUS (AG) gene which encodes the floral homeotic genes
is one of the first isolated MADS box genes (Yanofsky et al., 1990). AG is a class C
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homeotic gene that play a key regulatory role in determining the identity of stamens and
carpels, which is demonstrated using overexpression and mutant phenotypes. It encodes
for MADS box transcription factor and its interaction with other MADS-box protein plays
an essential role in induction of floral organ in Arabidopsis (Honma and Goto, 2001). Kater
et al. (2001) performed a study in monoecious cucumber which provides strong evidence
that the position dependent arrest of particular reproductive organ, a basic mechanism in

unisexual flower development is highly controlled by class C homeotic genes.

The transcription factors encoded by these genes contains a highly conserved DNA
binding domain, the MADS box and a moderately conserved domain called the K-box,
which has the ability to form coiled-coil structures that allows dimerization of these
transcription factors (Ma et al., 1991). The amino acid sequences of MADS box genes from
different species was compared which has led to the classification of the MADS box gene
family in B, C and other groups of MADS box genes as AGAMOUS (AG), APETALA2
(AP2), APETALA3 (AP3)/ PISTILLATA, APETALA1/AGL9 (Purugganan et al., 1995). The
uniqueness of these MADS box is their ability to bind to the specific CArG box in the

promoter region, thereby regulating gene expression.

The homologs of the AG gene have been isolated from many other plants like
antirrhinum, petunia, tobacco, tomato, rapeseed, rice, wheat, maize and cucumber and their
functional analyses by ectopic expression demonstrated their essential role in establishing
stamen and and carpel identity (Mandel et al., 1992; Kempin et al., 1993; Tsuchimoto et
al., 1993; Pnueli et al., 1994; Saedler and Huijser, 1994; Kang et al., 1995).

AGAMOUS-LIKE6 (AGL6)-like MADS-box genes are ancient and are presented
in wide range range of eukaryotic genomes including gymnosperms and angiosperms
(Becker and Theissen, 2003). The critical role of AGL6-like genes in flower development
of angiosperms have been shown by several evidences. When the AGL6 orthologs from
orchid (Hsu, 2003) and from hyacinth (Fan, 2007) were overexpressed in Arabidopsis they

have been shown to promote flowering and cause flower homeotic transformation.
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Findings of Perl-Treves et al. (1998) imply that, the pathway which leads to the
arrest of reproductive organ in cucumber unisexual buds acts independently of MADS-box
gene expression. In contrast to their findings, Ando et al. in 2001 demonstrated that
induction of female flowers by ethylene might be regulated by the expression of a MADS-
box gene, ERAF'17 in apical floral buds of cucumber.

Table 1. List of MADS box family genes involved in floral regulation

S. No. Gene Crop Reference
Cucumber MADS box gene 1
1 (CUMI) and CUMI0 Cucumis sativus Kater et al. (1998)
2 OsMADS6 Oryza sativa Lietal. (2010)
TaAP3, TaAGAMOUS and
3 TuMADSI 3 Triticum aestivum Suetal. (2019)

2.6.2.1.1. MADS-box genes in Momordica

Homologue of AG-like gene in bitter gourd, named BAG was isolated using
conserved MADS box prolcin family region. High sequence similarity of amino acid was
found with CUM10, cucumber MADS-box protein (95%) and AGLI1I in Arabidopsis

thaliana.

In 2005, Peng et al. isolated two MADS box gene, MCAG2 and MCAG6 from
female flower buds of Momordica charantia L. on the basis of the conserved MADS box
sequences. They had cloned and sequenced these genes to full length for undergoing
phylogenetic analysis and sequence comparison. Amino acid sequence of MCAG2 and
MCAG6 were highly identical to AG-like and AGL6-like genes, respectively. High
similarity was also observed between proteins of MCAG2 and Cucumber MADS box gene
1, CUM1. Maximum expression of the genes MCAG?2 and MCAG6 were observed in carpel
and shoot apex respectively. MCAG6 was the first AGL6-like gene in Cucurbitaceae and

its high level of expression in vegetative tissues of bitter gourd was interesting as it is not
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common in the previously studied plants. Pattern of gene expression in different tissues
clearly indicated the role of two genes in regulation of floral organ development in

Momordica charantia L.

In 2019, Hseih and Yin-yin Do performed genome-wide analysis of MADS-box
genes in bitter gourd for identification of different members of that family and
characterization of those genes. Phylogentical analyses revealed that the MADS box
protein from bitter gourd were closely related to watermelon. Three putative genes related
to sex determination mechanism McMADSI, McMADSI10, McMADS22 were identified
according to gene expression clustering of the transcripts. They also stated that hormones
like GA3 and different environmental factors may have influence on these genes, which

seems contradictory to the previous findings of Perl-Treves et al. (1998) in cucumber.

Mohanty and Joshi (2019) have undertaken a study to explore the functions of
MADS-box family transcription factors (TFs) in Momordica dioica Roxb. with respect to
floral organogenesis. 17 MdMADS genes were cloned and characterized from the flower
buds of M. dioica Roxb. They clustered the genes into three sub-groups based on the motifs
as MIKC®, MIKC* and Mo (type I). From the gene expression analysis of the
transcriptome, they found the association of 11 MIKC® with floral homeotic functions, four
MIKC* with male gametophyte development and two M-type genes with female
gametophytic development significantly. These genes may be considered as a candidate

MADS box genes responsible for sexual dimorphism in M. dioica Roxb.

2.6.2.2. Auxin mediated sex determination

Auxin, the first phyto-hormone known has wide-ranging effects on the growth and
development of plant from embryogenesis to senescence. It stimulates the production of
ethylene and induces female flower formation (Takahashi and Jaffe, 1984) particularly in
vegetables (Galun ef al. 1962; Atsmon and Tabbak, 1979). Expression of specific ACS

genes were increased by auxin (Trebitsh et al., 1987).
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The genes exerting direct control on the biogenesis of sexual organs can be induced
by auxin. The transcriptional regulation of gene families, such as auxin/indole-3-acetic acid
(Aux/IAA), Gretchen Hagen3 (GH3), small auxin up RNA (SAUR) and auxin response
factor (ARF) by auxin coordinates the development of plants (Shen et al., 2014; Zouine et
al.,2014).

2.6.2.2.1. ARF genes

Auxin response factors (ARFs) is the family of functionally distinct DNA-binding
factor that offers specificity to auxin response by selecting target genes as transcription
factors. They are the important members of auxin signaling pathway and have the tendency
to either activate or repress transcription of several auxin response genes by binding to the

conserved auxin response element (AuxRE) in their promoter region (Tiwari ef al., 2003).

In 2015, Liu et al. identified various ARF genes in papaya (Carica papaya) and
analyzed their expression pattern at different stages of development. The genes CpARF1,
CpARF2, CpARF4, CpARF5, and CpARF'10 were expressed highly at the very initial stage
in developing of flower and declined during the following stages. Auxin responsive factor
genes (arf genes), one of the auxin regulated genes controls the development of pistillate

flowers in tomato, arabidopsis and papaya (Li et al., 2016).

The interaction between Aux/IAAs and auxin response factor (ARF) has significant
influence in auxin signaling transduction pathway. Low concentration of auxin inhibits the
activity of ARF protein by dimerization with Aux/IAAs (Ulmasov et al., 1997; Hagen and

Guilfoyle, 2002) and in high concentration of auxin, they will be activated.

De novo transcriptome sequencing performed by Shukla ez al. (2015) derived a total
of 65,540 transcripts for gynoecious line (Gy323) and a monoecious line (DRART1) of bitter
gourd. Digital gene expression analysis was done to compare the transcript count and
associated differential expression pattern between both the lines. Among that, highly

differentially expressed gene were related to hormone signaling and response. Based on
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available transcripts they have identified 56 ARF genes which play a significant role in

auxin-regulated gene expression and development.
2.6.3. WRKY transcription factors (TFs)

WRKY proteins forms the large family of transcription factor in plants. Members
of this family contains one or two conserved WRKY domains, in which N-terminus
contains conserved WRKYGQK heptapeptide sequence and C terminus contains C;HC or
C2Hz zinc-finger protein motif (Ishiguro ef al., 1994). The WRKY family will be divided
into three groups (I, II and III) on the basis of C-terminal zinc-finger motif structure and
the number of WRKY domains (Rushton et al., 2010). The members of this family bind to
W-box [(T)TGAC(C/T)] found in the promoter sequences of various target genes.

WRKY DNA-binding protein has been identified one among the putative
transcription factor of sex determination, when transcriptome profiling was done between
monoecious and gynoecious cucumber (Guo et al., 2010). Though its role in stress response
and various processes of plant development were well known, this is the first report to

correlate WRKY factors with plant sex determination.

WRKY TFs plays a crucial role in plant signal regulation particularly in ABA
response pathway (Rushton et al., 2012). Rudich et al. (1974) suggested that ABA
promotes female flowering tendency and inhibits the GA3 action which increases male
flowers. Regulation of flowering by WRKY transcription factors have been studied. In
Arabidopsis, Zhang et al. (2018) identified WRKY75 which positively regulated floral
initiation by interaction with DELLA proteins, which acts a feminizing factor by negative
regulation of GA signaling pathway (Peng et al., 1997; Silverstone ef al., 1998 and Pysh
etal., 1999).

Shukla et al. (2015) performed de novo transcriptome sequencing of monoecious
(DRART1) and gynoecious lines (Gy323) of bitter gourd. Comparison between transcription
factors of both of these lines was adopted to identify candidate genes of sex determination.

They reported differentially expressed transcripts sets involved in floral differentiation
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Momordica transcripts were functionally annotated to Arabidopsis thaliana transcription
factor sequences using UniProt non-redundant protein and TAIR (The Arabidopsis
Information Resource) data sets to obtain classes of transcription factors mainly associated
in the differential pattern formation. They have identified 80 WRKY transcription factors

associated genes based on the available transcriptome.
2.7. Molecular markers associated with gynoecy

Selection for high and stable yield using conventional phenotypic method is very
time consuming and expensive, since it requires yield evaluation multiple environments
over many seasons (Yuan et al., 2002). Marker assisted selection (MAS) in contrast
definitely accelerates the breeding progress and powerful tool for selecting traits such as
gynoecism. The marker patterns of the two bulks shows polymorphism only when they
show genetic linkage to underlying gene (Giovannoni ef al., 1991). The markers that are
tightly linked to the trait of interest at less than 5cM can be used for marker assisted

breeding (Tanksley, 1983b).

Identifying molecular marker(s) associated with the trait of interest has enormous
potential for the crop improvement through molecular breeding (Collard et al., 2005). But,
it is very important to ensure that the markers used are polymorphic in the population so
that it can be successfully applied in marker-assisted selection in a breeding programme.
The polymorphic molecular markers are scarce in public database which hinders genetic

mapping and its usage in molecular breeding of bitter gourd.

Identification of gynoecious sex type in very earlier stage using marker-assisted
breeding in bitter gourd holds immense potential in introgressing the gynoecious trait.
Since flowering occurs only 35 - 40 days after sowing, the molecular markers plays a
significant role in ascertaining the purity of the gynoecious line at an early stage for a cost
effective hybrid seed production. The commonly used conventional molecular markers
include RAPD (Random Amplified Polymorphic DNA), AFLP (Amplified Fragment
Length Polymorphism), RFLP (Restriction Fragment Length Polymorphism), SSR (Simple
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sequence repeats), ISSR (Inter Simple sequence repeats), SCAR (Sequence Characterized
Amplified Polymorphism) and SNPs.

Mishra et al. (2014) performed a study to identify molecular markers that can be
used for differentiating monoecious and gynoecious line in bitter gourd. The gynoecious
DBGy-201 and monoecious Pusa Do Mausami were the parents used in the study. A total
of 154 primers (67 SSR, 16 ISSR and 71 RAPD) were used in screening the parents and F»
population derived out of it by the use of bulked segregant analysis (BSA). Among them,
only one RAPD primer OPZ 13 (3’ GACTAAGCCC 5) produced a polymorphic band of
700 bp band which is specific only to the gynoecious parent and bulks. In addition, the
authors confirmed that, the RAPD marker, OPZ 1370vp is linked to the gynoecy locus (gy)
at a distance of 22cM, which was the first report on targeting the gene responsible for

gynoecious trait in bitter gourd.

In a study conducted by Gaikwad et al. in 2014 for identification of molecular
markers linked to gynoecy in bitter gourd, an ISSR marker showing polymorphism
between monoecious and gynoecious plants was found, out of 200 RAPD and 28 ISSR
markers screened. The gynoecious plants used for screening were the Fs generation plants
of gynoecious line DBGy-201. The marker was a 1000 bp fragment amplified by the primer

[AC]sT, which was conspicuously absent in monoecious plants.
2.7.1. SSR markers for gynoecy

Simple sequence repeats (SSRs) are ideal genetic marker type among other DNA
markers. Due to its desirable attributes like multi-allelic nature and co-dominant
inheritance, significant importance have been gained by SSR markers in plant genetics and
breeding (Akkaya et al., 1992). The advantages includes very low requirement of DNA,
ease of detection by PCR and capillary electrophoresis (Morgante and Olivieri, 1992;
Peakall et al., 1998), highly polymorphic (Gupta et al., 1996) and extensive genome
coverage. SSRs are highly informative than dominant DNA markers (Powell ef al., 1996)

and shows more heterozygosity.
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Guo et al., 2010 screened cucumber unigene data sets to identify SSR markers
between isogenic lines WI1983G (gynoecious) and WI1983H (hermaphrodite) of
cucumber. They have identified set of 2,860 EST-derived SSR markers between the both
lines, out of which 1,679 had sufficient flanking sequences for primer design. Miao et al.
(2011) identified two SSR markers, SSR13251 and CSWCT28 flanking the F' locus at the
distance of 1.2cM and 1.7¢M, respectively. This is contradictory to the previous report of
Fazio et al. (2003) which reported the linkage of SSR marker CSWCT?28 to the F locus at

a distance of 5¢M in cucumber.

PPC-2, a gynoecious and parthenocarpic line and Pusa Uday, monoecious and non-
parthenocarpic cucumber cultivar were screened using 179 SSR markers, out of which 39
SSR markers differentiated them. When their F> mapping population were screened with
these markers, only 17 out of those found segregated along with the population. Those
markers were used for genotyping and linkage analysis. Spanning a total distance of
100.9cM on chromosome 6, these markers were placed along with the F locus. Among
those two SSR markers, SSR13251 and UW020605 were found to be closely linked to
gynoecious (F) locus at 1.0 and 4.5¢cM, respectively which can be used in marker assisted

selection of gynoecy in cucumber (Jat ef al., 2019).

Bommesh et al. (2019) used four gynoecious cucumber lines belonging to the F4
families, namely [IHR-434, IIHR435, ITHR-436 and ITHR-437 for SSR marker validation.
Twelve previously reported SSR primers were used to validate the gynoecious cucumber
lines of F4 population’s along with monoecious variety Swarna Agethi. Two primers, SSR-
02021 and SSR-18718 among the twelve showed polymorphism differentiating the
gynoecious plants from the monoecious plants and the remaining markers showed

monomorphic bands.

2,440 SSR primers for gynoecious and 2,404 for monoecious line of bitter gourd
were designed by Shukla et al. (2015) based on transcriptome sequencing information.
Comparison of SSR variation pattern between both the lines will aid in screening and

developing of markers for gynoecism.
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2.7.2. Candidate gene based marker

Win et al. (2015) identified F (female) locus-specific co-dominant marker based on
In/Dels polymorphism which distinguished perfectly homozygous and heterozygous
gynoecious cucumber lines. 50-kb genomic sequence of five gynoecious and five
monoecious inbred lines were analyzed to detect the polymorphism linked to F locus. They
designed a specific pair of primers Cs-BCAT-F/CsBCAT-R based on 56-bp In/Del at 3’-
UTR of branched-chain amino acid transaminase (BCAT) gene to analyze parents and F;
hybrid. Polymorphism was found between parents, with an approximately 216 bp band in
the monoecious and 160 bp band in the two gynoecious lines while both the bands were

present in F; plants amplified both bands.
2.7.3. SNP markers for gynoecy

High quality genotyping markers can be developed using SNP from coding regions.
It also provides insights into functional changes in protein coding domains (Baird et al.,

2008).

In 2010, Guo et al. compared the ESTs generated using the Roche-454 massive
parallel pyrosequencing technology, for the near isogenic lines of cucumber, a gynoecious
plant WI1983G (MMFF) and a hermaphroditic plant WI1983H (mmFF) using Roche-454
massive parallel pyrosequencing technology. They have identified a total of 114 SNPs
between the two lines, which comprises 42 transitions, 16 transversions and 56 were

In/Dels.

In 2014, Matsumura et al. conducted a study with an objective of genetically
mapping the locus for gynoecy (Mcgy) in OHB61-5, a commercial gynoecious line of bitter
gourd used as a maternal parent in F; cultivar production. To reveal genome-wide DNA
polymorphisms a RAD-seq (restriction-associated DNA tag sequencing) analysis was
employed, which is a high-throughput tool for DNA polymorphism detection and
genotyping. F> individuals of the cross were analyzed using RAD-seq and based on the

results, a linkage map was constructed using 552 co-dominant markers. Pooled genomic
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DNA from monoecious or gynoecious F» plants were analyzed and it resulted in the
identification of several SNP loci genetically linked to gynoecy. The closest SNP locus,
GTFL-1, was located 5.46cM from the putative gynoecy locus, Mcgy. To apply it
practically for marker-assisted selection of gynoecy in bitter gourd, it was converted to a
conventional DNA marker using invader assay technology, the SNP-typing tool. The draft

genome sequence positioned GTFL1 sequence in the end region of scaffold 326.

A RAD-based (restricted site associated DNA) genetic map for anchoring scaffold
sequences was developed by Cui ef al. (2018) using F> mapping population. The map
spanned a total genetic distance of 2,203.95¢cM comprising of 11 linkage groups and 1009
SNP markers. Transcripts of monoecious and gynoecious line were compared by Shukla et

al. (2015) which yielded SNP variations between those two lines.

Rao et al. (2018) employed GBS technique for identifying molecular markers in
bitter gourd. A high-density, high-resolution genetic map was constructed with 2013 high
quality SNP markers across 20 linkage groups (LG) spanning a cumulative distance of
2329.2. A total of 22 QTLs were identified and mapped on 20LGs for four traits viz.
(gynoecy, sex ratio, node and days at first female flower appearance). The SNP markers
markers TP 54865 and TP 54890 flanked gynoecious (gy-/) locus on LG 12 with
TP 54890 closest at a distance of 3.04cM and TP_54865 at 7.06cM.
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3. MATERIALS AND METHODS

The study entitled ‘Molecular characterization of gynoecy in bitter gourd
(Momordica charantia L.)> was carried out at Centre for Plant Biotechnology and
Molecular Biology and Department of Vegetable Science, College of Agriculture,
Vellanikkara, Thrissur, during 2018- 2021.

3. 1. Materials
3. 1. 1. Plant materials

The two bitter gourd genotypes contrasting for sex expression i.e. the monoecious,
MC-136 and the gynoecious line, KAU-MCGy-101 identified from Department of
Vegetable science, College of Agriculture, Vellanikkara were used as base material to
study the sequence variation between the two genotypes and develop molecular marker
showing polymorphism between them. Three other monoecious lines Priya, Priyanka and
the wild-type M. charantia var. muricata were used in this study for screening of the

developed molecular markers.

The seeds were pre-treated with pseudomonas and kept overnight. Next day, the
seeds were wrapped in germination paper with water for facilitating germination. All the
germinated monoecious and gynoecious seeds were grown separately in Department of
Vegetable Science, College of Agriculture, Vellanikkara for obtaining leaves for DNA

isolation.
3. 1. 2. Laboratory chemicals, glass wares and plastic wares

The chemicals used in the study were purchased from Merck India Ltd., HIMEDIA
and SISCO Research laboratories and were of AR grade. The PCR reagents viz. Tag DNA
polymerase, dNTPs, MgCl,, Taqg assay buffer and DNA ladders were ordered from
Bangalore Genei Ltd. The Plastic wares like tips, tubes and beakers used in the study were
obtained from Axygen and Tarson India Ltd. The glass wares used in the study were

obtained from Borosil Ltd. Primers pairs were synthesized and bought from Sigma Aldrich
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Chemicals Pvt. Ltd.
3. 1. 3. Equipments and machinery

The research work was done using molecular biology facilities and equipments
available at Centre for Plant Biotechnology and Molecular Biology (CPBMB), College of
Agriculture. High speed refrigerated centrifuge Kubota 6500 was used for carrying out
centrifugation. Estimation of quality and quantity of DNA was done using NanoDrop® ND-
1000 spectrophotometer. The Polymerase Chain Reaction was carried out in Sure Cycler
8800 thermal cycler (Agilent Technology), Veriti thermal cycler (Applied Biosystems,
USA) and ProFlex PCR system (Applied Biosystems, USA). Agarose gel electrophoresis
was performed using Horizontal gel electrophoresis system (BIORAD, USA). Imaging and
documentation of the agarose gel was done in Gel Doc XR" (BIORAD, USA). Quantity

One software was used for analyzing the gel images (Annexure I).
3. 2. Methods
3. 2. 1. Candidate gene selection and sequence retrieval

20 Putative candidate genes for sex expression, particularly for gynoecy were
identified from the information supported by different literatures. Genes of comparatively
shorter length were given preference while selecting. The list of candidate genes selected

were given in Table 2.
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Table 2. List of candidate genes selected

S. No.

Candidate gene Species/ crop Reference
1 1ACOI1 \Momordica charantia |Gunniah et al. (2014)
7 ACS2 \Momordica charantia |Gunniah et al. (2014) and Kumari (2015)

3 |ACS3 (Acsl/ Acs4) Momordica charantia (Gunniah et al. (2014) and Shukla et al. (2015)

4 ACS7 Momordica charantia |Gunniah et al. (2014) and Shukla et al. (2015)
5 WAG6 \Momordica charantia |Peng et al. (2008)

6 |CsARFS Cucumis sativus Shukla et al. (2015)

7 IMADS box23 \Momordica charantia [Peng et al. (2008) and Shukla ef al. (2015)
g McAG2 \Momordica charantia [Peng et al. (2008) and Shukla et al. (2015)
9 |WRKYI6 Cucumis sativus Shukla et al. (2015)

10 |WRKY37 Cucumis sativus Shukla et al. (2015)

11 |WRKY4 Cucumis sativus Shukla et al. (2015)

12 |WRKY9 WRKY10 Cucumis sativus Shukla et al. (2015)

13 |WRKY21 Cucumis sativus Shukla et al. (2015)

14 |WRKY23 Cucumis sativus Shukla et al. (2015)

15 |WRKY25 Cucumis sativus Shukla et al. (2015)

16 |WRKY49 Cucumis sativus Shukla ef al. (2015)

17 |WRKY50 Cucumis sativus Shukla et al. (2015)

18 |WRKYS51 Cucumis sativus Shukla et al. (2015)

19 |WRKY54 Cucumis sativus Shukla et al. (2015)
20 |WRKY56 Cucumis sativus Shukla ef al. (2015)
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3. 2. 2. Sequence retrieval of the candidate genes

The genomic nucleotide sequences of each of the candidate genes from their
respective species were retrieved from the open access database by NCBI, GenBank. A
search was done in the database with the gene name and the respective species name or
using accession number. The gene sequence of each of the candidate genes selected from

bitter gourd and cucumber were downloaded in FASTA format.
3. 2. 3. Primer designing

Primers for the downloaded sequences were designed using ‘Primer3’, the free
online primer designing software (Untergasser et al., 2012). All the primer designing
parameters were kept default as provided by the software except the product size which
was given in range of 850 - 1000 bp. Primer set for each of the genes was selected based on
the optimum product size and length of the primers, melting temperatures, GC content and
least dimerization capacity. The primer binding regions in the gene sequence were noted
down and highlighted to identify the target region to be amplified by the each of the primer

sets.

3. 2. 4. Isolation of total genomic DNA from bitter gourd

Young tender leaves of pale green colour (first to third leaves from the tip) from a
typical plant of each of the genotypes were collected separately in a labeled aluminium foil
and brought to laboratory by keeping it in an ice box. The samples were kept in -80°C
freezer when intended to use for a long time. The leaves were cleaned using sterile water

and wiped using 70 per cent ethanol.

Extraction of total genomic DNA was performed by following CTAB method
detailed by Rogers and Bendich (1994). The reagents used for DNA isolation are given in

Annexure I1.

Procedure

» 0.1g of clean leaf tissue was ground in a pre-chilled mortar and pestle in the
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presence of liquid nitrogen

Pre-warmed one mL CTAB (extraction) buffer along with a pinch of PVP (Poly
Vinyl Pyrolidone) and 50 pL of B-mercapto ethanol were added to the mortar

The homogenized sample was transferred into an autoclaved two mL centrifuge

tube and 500 pL of CTAB buffer was added to the tube again

All the added contents were mixed properly and incubated at 65 °C for 20 to 35

minutes with occasional mixing and gentle inversion

Equal volume of Chloroform: Isoamyl alcohol (24:1) was added and gently mixed
by inversion to emulsify. The tubes were centrifuged at 10,000 rpm for 15 minutes

at 4°C

The contents got separated into three distinct layers as the centrifugation was
finished. The top-most aqueous layer contains DNA and RNA. The middle layer
has proteins and fine particles. The bottom layer contains chloroform, pigments and

cell debris

A clean centrifuge tube was taken and the top aqueous layer was carefully pipetted
into it. 1/10" volume of 10 per cent CTAB solution and equal volume of
chloroform: isoamyl alcohol (24:1) was added. The contents were mixed gently and

centrifuged at 10,000 rpm for 15 minutes at 4 °C

The aqueous phase was transferred to a sterile centrifuge tube (two mL) and 2-3 pLL
of RNase was added, mixed well and incubated at 37 °C for 1.5 hours. Equal volume
of chloroform: isoamyl alcohol (24:1) was added and centrifuged at 10,000 rpm for

10 minutes at 4 °C

The supernatant was pipetted out carefully and transferred into a clean centrifuge
tube (1.5uL) and 0.6 volume of chilled isopropanol was added. The tubes were
gently inverted in horizontal position to observe the formation of threads and the
contents were allowed to precipitate. For complete precipitation to happen, the

tubes were kept in -20 °C freezer for 30 minutes to one hour
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3.2.5.

Once the precipitation is completed, the tubes were again centrifuged at 4 °C,

10,000 rpm for 15 minutes

The pellet obtained was washed with 70 per cent ethanol (200 puL) for 5 minutes at
10,000 rpm and the ethanol was decanted

Subsequently, washing the pellet with 100 per cent ethanol (100 pL) for 3 minutes

at 10,000 rpm was carried and decanted

The pellet was air dried, dissolved completely in autoclaved distilled water (50 pL)
and finallystored in—20 °C for storage

Quality assessment by agarose gel electrophoresis

The quality of the isolated DNA was assessed by gel electrophoresis on a 0.8 per

cent agarose gel (Sambrook et al., 1989). The reagents and equipment used in agarose gel

electrophoresis are presented in Annexure III.

Procedure for gel casting and electrophoresis

>

For casting gel, the 60 ml gel casting tray was fixed in a gel casting apparatus and
the comb was placed vertically at about one inch from one end of the tray such that
gap of one to two mm will be present between the teeth of the comb and surface of
the tray

0.8 per cent agarose gel was prepared by adding 0.48 g of agarose in 60 mL of 1X
TAE in a conical flask and heated using a microwave oven for 45-60 seconds till it
was dissolved completely and the solution becomes clear

After the solution was allowed to cool to about 42-45 °C at room temperature, 5 pL
of ethidium bromide dye from a working concentration of 0.5pug/mL was added to
the solution and mixed properly for uniform distribution. Formation of bubbles was
avoided by carrying out gentle mixing

The warm solution was carefully poured inside the casting tray to a depth of about
5-6 mm depth and allowed to cool and solidify for about 30-40 minutes

The casting apparatus and the comb was removed cautiously after solidification of
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gel. The gel tray was placed inside the gel tank of the horizontal electrophoresis unit
with the wells of the gel towards cathode. The gel tank was filled with 1X TAE
buffer solution to a point where all the wells were submerged

» Suitable molecular marker of 4 L was loaded into the first well

» Samples to be loaded for electrophoresis was prepared by mixing one pL of 6X gel
loading dye and 5 pL of DNA sample and the total 6 uL of the mixture was loaded
into the each of the wells

» Tank was closed, anode and cathode were connected to the power pack and
electrophoresis was carried out at a constant voltage of 70 V until the tracking dye
reached two thirds of length of the gel

» Once the tracking dye reached two third the length of the gel, it was taken out of

the unit and viewed under a UV trans-illuminator for the presence of DNA
3. 2. 6. Gel documentation

The gel containing the electrophoresed DNA was observed under a UV trans-
illuminator for presence of DNA. The DNA fluoresces under UV light due to ethiduim
bromide dye. Ethidium bromide binds to the hydrogen bonds between the double helix and
this dye gets excited at a radiation of 260 nm and in the range of 590 nm wavelength, it re-

emits yellowish orange coloured light which causes flourescence.

The electrophoresed gel was further analyzed and documented in the gel
documentation system (BioRad Gel DOC-It™ imaging system) using Quantity one
software. The gel was observed for intactness and clarity of DNA band and for the presence
of RNA and protein. RNA will be present as a thick band with the size less than 100 bp.
Protein will get stuck in the wells. Smear represents the presence of degraded DNA. The

intact single band represents the good quality DNA.
3. 2.7. Assessment of quality and quantity of DNA

The quantity and quality of the isolated DNA was analyzed using

spectrophotometer (NanoDrop® ND-1000). Nucleic acid shows maximum absorbance at
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the wavelength of 260 nm, whereas proteins displays highest absorbance at 280 nm. The

absorbance were recorded at both the wavelengths and the purity was determined from

Aseo/Aggo. A ratio value in between 1.8 and 2.0 indicates that DNA is of good quality and

relatively free from proteins and RNA. A ratio less than 1.8 is indicative of protein

contamination and a value of more than 2.0 is indicates the contamination with RNA. The

following relation was used to calculate the quantity of DNA present in a pure sample.

1 OD at 260 nm = 50 pg DNA mL"!

Hence, the OD2¢0 obtained from the sample X50 gives the total quantity of DNA in pg/mL.

Procedure

>

NanoDrop spectrophotometer was connected to the system installed with the

software, ND-1000

The option ‘nucleic acid’ was selected. With the sampling arm lifted, the upper and
lower measurement pedestal was wiped carefully and one pl of distilled water was

pipetted out and placed onto the lower measurement pedestal

Sampling arm was closed and the spectral measurement was initiated in the

operating software
The reading was set to zero with the respective blank sample
The sampling arm was once again opened. Both the pedestals were wiped clean

One pl of the DNA sample was pipetted and placed onto the measurement pedestal

and the option ‘measure’ was selected

Upon completion of measurement, the sampling arm and the upper and lower
pedestals were thoroughly wiped using a soft laboratory wipe and the next sample

was measured

The results of all the sample were saved in the software, ND-1000
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3. 2. 8. Optimization of amplifying conditions for the designed primers

The successful amplification of any primer depends on the proportion of the
different components of a polymerase chain reaction in the reaction mixture. The reaction
mixture consists of the DNA, which acts as the template for the amplification, an assay
buffer which is necessary for maintaining optimum pH, MgCl, which acts as an important
co-factor for the enzymatic activity of the polymerase, dNTPs, which are the building
blocks of the PCR product, the primer, short stretch of oligonucleotides which determines
the region to be amplified and the finally the enzyme, Tag polymerase which helps in
extension of the primers by synthesizing long chains of nucleic acid.

Other important factors determining the effective amplification of DNA are the
temperature and duration of various stages of a Polymerase Chain Reaction. Three main
steps in PCR includes denaturation, annealing and extension. The samples were heated up
t0 92-98 °C for separating two strands of the double helix in denaturation. During annealing
the temperature of the samples was dropped down to about 48-78 °C for the binding of
primers to the complementary regions on the template DNA. Normally, the annealing
temperature will be less than 68. In the final step of extension, the temperature of samples
will be brought up to 72 °C so that the polymerase can extend the primers for forming PCR

products. The process will be repeated multiple times and the term ‘cycle’ denotes it.
3. 2. 8. 1. Gradient PCR for obtaining optimum annealing temperature

The nature of bases in the each primer sequences and its length decides the
annealing temperature (Ta) of the primers in the thermal cycling conditions. Though T, can
be calculated from the melting temperature (Twm), it can only be an approximate value. The
optimum annealing temperature provide effective amplification which could be achieved

only by standardizing each newly designed primers.

A variant of the normal PCR, known as gradient PCR was used in optimizing the
annealing temperature. In this, gradient of temperatures were applied for the samples in

different tubes to find which temperature provides only the intended product with
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maximum amplification with no non-specific products and minimum primer-dimers.

Gradient PCR was carried out as the first step of optimization for all the designed
primer sets in Agilent SureCycler8800. The PCR amplification was carried out in a 20 pL
reaction mixture in individual 0.2 mL PCR tubes. The standard composition of the mixture
used are listed out below in the Table 3. The program used to perform PCR for most of the

primer pairs are shown in the Table 4.

Table 3. Standard composition of PCR reaction mixture used for optimization

S. No PCR components Volume ( uL)
1 Genomic DNA (50 nguL™) 2.0
2 10X Tagq assay buffer A (with MgCly) 2.0
3 dNTP mix (2.5mM each) 1.8
4 Forward primer (100 pM) 1
5 Reverse primer (100 pM) 1
6 Tag DNA polymerase (3U/ puL) 0.4
7 Autoclaved ultrapure distilled water 11.8
Total volume 20

Table 4. Standard PCR program used for optimization of primers

S. No. Steps Temperature Time Cycle
1 Initial denaturation 95 °C 5 minutes -

2 Denaturation 95 °C 30 seconds

3 Primer annealing Gradient range | 30 seconds

4 Primer extension 72 °C 1 minute %

5 Final extension 72 °C 8 minutes

6 Hold 4°C Infinity -
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A gradient temperature range was set between the +5 °C and -5 °C of the average of
calculated annealing temperature of the forward and reverse primers for a primer set.

Once the reaction was over, the entire 20 pL reaction mixture was mixed with 3 pL
of 6X gel loading dye and was loaded into a 1.4 per cent agarose gel and electrophoresed.
The optimum temperature for the reaction was obtained by analyzing the quality of the

desired bands on the gel.
3.2.8.2. Approaches adopted to increase specificity of primers

Once the gradient PCR approach failed to produce only the intended band of
expected product size, many approaches were adopted for increasing the specificity of
primers. To eliminate the formation of primer-dimer, the concentration of forward and
reverse primers was reduced gradually up to 0.5 uM. The avoidance of non-specific
binding was tried using changes in the volume of different PCR components. If Taq assay
buffer B was used, the specificity was increased by gradually reducing the concentration
of MgCl from 1.8 pL. To improve the yield of the obtained band, the volume of Tag
polymerse was increased gradually up to 0.6 pL. Use of touchdown PCR was also
attempted for solving the specificity problem. Gel elution and purification after PCR were

kept as a last option since only a low concentration of PCR product can be obtained.

3.2.8.3. Touchdown PCR for optimizing primers

Touchdown PCR is a method known to increase specificity, sensitivity and the yield
of the PCR products when the optimization becomes very difficult in some cases. It uses
a cycling program where the initial annealing temperature will be several degrees more
than the estimated (Tm) of the primers and it will be gradually reduced (1-2 °C/every
second cycle), till the calculated T, is reached or some degrees below. Amplification is

then continued using this annealing temperature (Korbie and Mattick, 2008).

For standardizing the PCR conditions of the gene-specific primers ACS2, ACS3,
ACS7 and AG6 touchdown PCR was used. The temperature increment of -0.5°C per cycle

was set for the following program. Table 5 depicts the program used for touchdown PCR.
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Table 5. Standard touchdown PCR program used in the study

S. No. Steps Temperature Time Cycles
1 Initial denaturation 95 °C 3 minutes -
Cycle wizard 1
2 Denaturation 94 °C 20 seconds
3 Primer annealing 65°C 20 seconds P
4 Elongation 72 °C 30 seconds
Cycle wizard 2
5 Denaturation 94 °C 20 seconds
6 Primer annealing 62 °C 25 seconds »
7 Elongation 72 °C 30 seconds
9 Hold 4°C Infinity -
3. 2. 9. Gel elution and purification

Once all the standardization procedures failed to produce the required amplification

for the given set of primers, gel elution and purification was adopted using QIAquick® gel

extraction kit for obtaining only the desired band for sequencing using the protocol given

in manual given with the kit.

The reagents in the kit used for carrying out gel extraction were listed in Annexure

IV. Centrifugation (13,000 rpm) needed for gel elution was done in tabletop Eppendorf

Centrifuge 5418R. The Rotek water bath used in the study was set at 50 °C for incubation.

Procedure

Gel excision: The surface of the UV-trans-illuminator where the gel was placed
were wiped thoroughly using 70 per cent alcohol. The UV light was switched on
once the electrophoresed agarose gel was placed. The band of desired size was

marked cautiously using a sterile sharp scalpel
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After demarcation, the UV light was switched off, gels excised and transferred to
fresh two mL centrifuge tubes for weighing. Three volumes of QG buffer was

added to 1 volume gel (100 mg gel ~100 pL)

The tubes were incubate at 50 °C for 10 min or until the gel slice has completely

dissolved. Gentle inversion was given every 2—3 min to help dissolve gel
One gel volume of isopropanol was added to the sample and mixed

QIAquick spin column was placed in a provided two ml collection tube. The
sample was applied to the QIAquick column to bind DNA and centrifuged for one
min. The flow-through was discarded and the column was placed back into the same
tube. If the sample volumes was more than 800 pL, the process can be repeated by

splitting up the volume

500 pL QG buffer was added to the QIAquick column and centrifuged for one min
or apply vacuum. Again the flow-through was discarded and column placed back

into the same tube

For washing, 750 pL Buffer PE (ethanol mixed) was added to column, incubated
for 2-5 minutes, centrifuged for one minute for the residual wash buffer to be

completely washed off from the column

The column was placed into a clean 1.5 mL centrifuge tube for elution. 50pL Buffer
EB (in split quantities) was added to the center of the QIAquick membrane, allowed

to stand for 3 minutes and centrifuged for 1 min to collect the eluted product

The concentration of the eluted product was checked in NanoDrop® ND-1000

spectrophotometer. If the concentration was found lower than 50 ng/puL, one more PCR

was carried out using the eluted product as a template with the same amplifying conditions

for the primer set and confirmed again using electrophoresis.

For ACOI gene, 1.4 per cent agarose gel, where the PCR product ran was kept in

UV trans-illuminator to excise the gel containing 850 bp sized band. The excised gel
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weighing 380 mg was used for gel elution using QIAquick® gel extraction kit. QIAquick
column provided in the kit was used for eluting the DNA from solution of gel dissolved
QG buffer. The eluted product is used as a template for another PCR for improved
concentration. Annealing temperature was set at 62.5 °C in the same PCR program with
the same composition of reaction mixture, except the primer concentration of 0.7 uM per

20 uL reaction ( 1.225 pL) as mentioned in Table 6.

3. 2. 10. Sample preparation for sequencing

Once the optimum PCR amplifying conditions of each primers were standardized,
the same conditions were applied in a separate PCR reaction for sequencing withincreased
volume. Each reaction of PCR was carried out in a 0.2 mL tube. For proper mixing of
components in reaction mixture a short spin was given before starting the run in thermal
cycler. The reaction volume of 35 pL. was prepared and the reaction mixture has the

following composition as listed in Table 6.

Table 6. Composition for 35 pL volume reaction mixture

S. No PCR components Volume ( pL)
1 Genomic DNA (50 nguL™) 3.5
2 10X Tagq assay buffer A (with MgCl) 3.5
3 dNTP mix (2.5 mM) 3.15
4 Forward primer (100 pM) 1.75
5 Reverse primer (100 pM) 1.75
6 Taq DNA polymerase (3U/ uL) 0.7
7 Autoclaved ultrapure distilled water 20.65
Total volume 35

The following PCR program mentioned in Table 7 was applied for the primers those

optimum amplifying conditions were standardized and known.
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Table 7. Standard PCR program used in this study

S. No. Steps Temperature Time Cycle
1 Initial denaturation | 95 °C 5 minutes -

2 Denaturation 95 °C 30 seconds

3 Primer annealing | Optimum temperature | 30 seconds

4 Primer extension 72 °C 1 minute %
5 Final extension 72 °C 8 minutes

6 Hold 4°C Infinity -

The proper amplification in PCR samples was confirmed by loading 15 pL of the PCR
product in a 1.4 per cent agarose gel, when the cycle gets completed. This was followed by
electrophoresis at 80 V for one hour. The gels were analyzed in UV trans-illuminator for
the presence of single intended band of expected size. If the desired amplification was

achieved, the samples were stored in -20 °C till sequencing.

3. 2. 11. Sequencing, data analysis and SNP search
3.2.11. 1. Sequencing of PCR product

PCR products of all the primer sets for the monoecious and gynoecious samples
were sequenced by outsourcing to AgriGenome Labs Pvt. Ltd., Kochi. Column purification
was done to remove the chemical debris left before sequencing of all the PCR samples
except for the eluted ones. Sequencing of the samples was carried out using Sanger

sequencing method (Sanger et al., 1977).
3.2.11. 2. Sequence data analysis
3.2.11. 2. 1. Assembly of contiguous sequence
The forward and reverse sequence of a primer set was assembled into one single
contiguous sequence to represent sequence of a sample. ‘CAP3’ is an online based sequence

assembly program, maintained by PRABI-Doua used for building contiguous sequences

from a set of overlapping sequences (http://doua.prabi.fr/software/cap3) (Huang and
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Madan, 1999). Contigs of all the 13 out of 14 samples sequenced were made using CAP3.
The reverse complementary sequence of the obtained reverse sequence was inputed in the
software along with the forward sequence to obtain correct contig. Manual assembly was
done for the gynoecious sample sequence of the primer set AG6 by alignment and

comparison with the reference sequence in NCBI.

3.2.11. 2. 2. Sequence variation analysis

The contigs made separately for the monoecious and gynoecious samples of each
of the primer sets were compared along with the corresponding primer targeted region of
the gene from reference genome given in the NCBI GenBank database. The reference
sequences for the genes selected from M. charantia belongs to the genome assembly of a
monoecious line, OHB3-1 and those from C. sativus belongs to the genome assembly of a
monoecious cultivar, 9930. The comparison was done using alignment of the sequences
under study using online multiple sequence alignment tool, Clustal Omega
(https://www.ebi.ac.uk/Tools/msa/clustalo/), maintained by European Bioinformatics
Institute (Goujon et al., 2010). The software aligns the sequences based on the identity

shared between the sequences.

The multiple sequence alignment of these three sequences for each set of gene-
specific primers was also used for computationally confirming whether only the intended
band was amplified. An asterisk (*) symbol was used to denote identical bases at any
position and gaps ( ) denotes a non-identicals bases or any In/Dels, which were considered
as variations. The monoecious and gynoecious sequences were compared with primer
target region of reference gene sequence for each of the gene and were carefully observed
for finding variations (gaps) and noted down by numbers. The deviations of the obtained
gynoecious sample from the monoecious and reference sequence under consideration were

only accounted for variation.
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3. 2.11. 2. 3. Confirmation of sequence variations

Sequencing error is common in the extreme starting and ending region of the
trimmed sequence due to noise arise during signal pick up. To confirm whether the
variations found by sequence alignment were valid SNPs or In/Dels, the chromatogram
peaks of the sequence given in AB1 file provided within the sequencing data folder was
carefully checked. The flanking regions (5-10 bases) of the variation was copied and
searched in the AB1 file of respective run for the sample. When the variation was found
towards the end of the sequence, the reverse complementary sequence of the flanking
region was taken and searched in the reverse run chromatogram of the sample. Once

confirmed the SNPs and In/Dels were given numbers for easy identification.

3. 2. 12. Designing primers for SNPs and In/Dels

The variations obtained in the putative candidate genes can be used as a molecular
markers for differentiating monoecious line from gynoecy. This can be achieved by

designing separate primers for each of the variations.

3.2.12. 1. SSR primers

The sequence having In/Dels repeats of 48 bp was used to design SSR primers. The
online primer designing software ‘Primer3’ was used to design primers from the flanking
regions of the repeats. The target region of AG6 gene-specific primers from NCBIsequence
was used as input for designing SSR primers. The repeats in the input sequencewere given
in bracket to denote it as must flank target region. All the primer designing parameters were

kept default except product size range which was given as 250-300 bp.
3. 2.12. 2. PCR amplification and validation

The PCR amplification with the designed SSR primer was carried with composition
of reaction mixture mention in Table 3 and the program was ran as mentioned in Table 7
for both monoecious and gynoecious samples (base population). The PCR samples were
ran on 2.5 per cent agarose gel. The SSR marker was finally screened with three other

monoecious lines, Priya, Priyanka and the wild-type M. charantia var. muricata.
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4. RESULTS

The study entitled ‘Molecular characterization of gynoecy in bitter gourd
(Momordica charantia L.)> was carried out at Centre for Plant Biotechnology and
Molecular Biology and Department of Vegetable Science, College of Agriculture,
Vellanikkara, Thrissur, during 2018- 2021. The results of the study are presented in this
chapter.

4.1. Planting material

The study was done using two bitter gourd genotypes viz. the monoecious, MC-
136 which bears both male and female flowers (Reshmikka et al., 2019) and the
gynoecious line KAU-MCGy-101 (Minnu Ann, 2019), which bears only female flowers.
The seeds started germinating after 5 days in water soaked germination paper. The pre-
germinated seeds were sown on separate portrays inside a shade net and watered regularly.
The true leaves started appearing after one week of sowing. And the third leaf stage was
attained after 17 days of sowing. Leaves for DNA isolation were collected from these

plants (Plate 1a).
4.2. Retrieval of gene sequences and primer designing

The DNA sequences of the putative candidate genes reported previously for their
role in sex determination and female flower regulation were retrieved from the NCBI

GenBank and downloaded in FASTA format.
4.2.1.a. Candidate gene sequences retrieval from bitter gourd

All the nucleotide sequences of genes corresponding to bitter gourd were retrieved
from the previous scaffold level draft genome assembly of Momordica charantia,
ASM19950v1. To get the location of the gene in chromosome, each of the sequences was

subjected to BLAST with the recent scaffold level genome assembly, Mcharantia 2.0.
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The gene sequence of I-aminocyclopropane-I-carboxylate oxidase (ACOI)
retrieved was 2019 bp in length and located in between the region of 886071 — 888089
containing four exons in the scaffold 59. Subjecting to BLAST with the recent chromosome

level assembly, Mcharantia 2.0 revealed, the location of the gene in chromosome 2.

The gene sequence of /-aminocyclopropane-1-carboxylate synthase CMA101-like
(ACS2) retrieved was 1994 bp in length. It was present in between the region of 4277806-
4279799 containing four exons in the scaffold 3. The gene was located in chromosome 8

in the new assembly.

The gene sequence of [-aminocyclopropane-I-carboxylate synthase (ACS3)
retrieved was 2737 bp in length. It was present in between the region of 1273465-1276201
consisting five exons in the scaffold 8. The gene can also be represented as ACS1 or ACS4.
It was located in chromosome 10 in new chromosome level assembly, Mcharantia 2.0.

The gene sequence of /-aminocyclopropane-1-carboxylate synthase 7-like (ACS7)
was 2541 bp in length and was retrieved using accession number, NW_019105006.1. It
was present in between the region of 13130-15670 consisting four exons in the scaffold
518. Location of this gene in chromosome 6 was revealed when subjected to BLAST with
the recent chromosome level assembly, Mcharantia 2.0.

Agamous-like MADS-box protein AGL6 (AG6) gene sequences was retrieved using
GenBank accession number DQ431247 and of 4443 bp in length. It was present in between
the region of 321525-325967 consisting five exons in the scaffold 1.

The gene sequence of MADS-box transcription factor 23 (MADSbox-23) retrieved
was 7624 bp in length. The gene was present in between the region of 1086555-1094178
consisting eight exons in the scaffold 55. The gene was found located in chromosome 10
of new genome assembly.

Floral homeotic protein AGAMOUS-like (McAG2) gene sequences was retrieved
using GenBank accession number, DQ299943, It was 6969 bp in length and present in
between the region of 539262-546230 consisting nine exons in the scaffold 20. The gene

was located in chromosome 1 of recent genome assembly.
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4.2.1.b. Candidate gene sequences retrieval from cucumber

All the nucleotide sequences of putative genes corresponding to cucumber were
retrieved from the previous chromosome level genome assembly of Cucumis sativus,

ASMA407v2.

The gene sequence of Auxin response factor 4 (CsARF5) was 7263 bp in length
and present in chromosome 6 in between the region of 14094436-14087174 consisting of

12 exons.

The gene sequence of Probable WRKY transcription factor 2 (WRKY16) was
retrieved using GenBank accession number E7TCEWS and was 4274 bp in length. The

sequence was present in chromosome 3 in between the region of 3091238-3086515

consisting of 6 exons.

The gene sequence of probable WRKY transcription factor 3-like (WRKY37) was
retrieved using GenBank accession number E7CEXS8 and 4068 bp long. The sequence
was present in chromosome 5 in between the region of 26517598-26513531 consisting of

4 exons.

The gene sequence of probable WRKY transcription factor 32-like (WRKY4) was
2000 bp in length and present in chromosome 1 in between the region of 12529832-

12533031 consisting of 6 exonic regions.

Probable WRKY transcription factor 21 (WRKY9 WRKY10) sequence was retrieved
using GenBank accession number, E7TCEW1 and the length of the sequence was 2066 bp.
It was present in chromosome 2 in between the region of 10906612-10904547 consisting

of 3 exons.

The gene sequence of probable WRKY transcription factor 40 (WRKY21) was

retrieved using GenBank accession number, E7TCEW9 and the length of the sequence was
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1798 bp. It was present in chromosome 3 in between the region of 26996761-26994964

comprising 5 exons.

The gene sequence of probable WRKY transcription factor 26 (WRKY23) was
retrieved using GenBank accession number, E7CEX1 and the length of the sequence was
2948 bp. It was noted in chromosome 3 in between the region of 27354489-27351542

comprising 5 exons.

The gene sequence of probable WRKY transcription factor 11-like (WRKY25) was
retrieved using GenBank accession number, E7CEX3 and the length of the sequence was
1614 bp. It was present in chromosome 3 in between the region of 37367541-37365928

consisting of 3 exons.

Probable WRKY transcription factor 20-like (WRKY49) sequence was retrieved
using GenBank accession number, E7TCEY3. The length of the sequence was 3781 bp and
was found located on chromosome 7 in the region between 1865310-1861530 consisting 7

€Xo0ns.

The gene sequence of probable WRKY transcription factor 46-like (WRKY50) was
retrieved using GenBank accession number, EJCEY4 and the length of the sequence was
1577 bp. It was present in chromosome 7 in between the region of 11601148-11602724

consisting of 3 exons.

The gene sequence of probable WRKY transcription factor 21 (WRKYS51) was
retrieved using GenBank accession number, E7TCEYS5 and the length of the sequence was
2130 bp. It was present in chromosome 7 in between the region of 13868903-13871032

comprising 3 exons.

Probable WRKY transcription factor 51 (WRKY54) sequence was 3453 bp long and
was located in chromosome 2 in between the region of 14138761-14135309 consisting of

3 exons.
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Probable WRKY transcription factor 75 (WRKY56) sequence was retrieved by
GenBank accession number, E7CEZ0. The total length of the sequence was 2556 bp and it

was found located in chromosome 3 comprising 2 exons in between the region of

22244268-22247112.

The details of entire sequences of all putative candidate gene sequence retrieved

were present in the Table 8.
4.2.2. Primer designing

Each of the retrieved gene sequences was inputted into Primer3. Since the
processivity of Tag polymerase is limited to maximum of about 1500 bp, the product size
range was entered as 850-1000 bp. The software had provided the details of the designed
primers including the position at which the primer binds, the length of the primer, GC
content, melting temperature, self-complementarity as well as the sequence of each of the
primer in a set. First out of 5 primers sets provided by Primer3 was chosen for all the genes.
Total of 20 primer pairs of optimal length, GC content, melting temperature, product size

and least primer dimerization were designed, using Primer3 software (Table 9).

4. 3. Molecular characterization

4.3.1. Isolation of genomic DNA

Young tender, pale green leaves (1% to 3™ leaves from tip) were collected for DNA
isolation (Plate 1b). CTAB method of DNA isolation by Rogers and Bendich (1994) was
the protocol adopted to isolate total genomic DNA from bitter gourd. RNase treatment was

given to remove RNA contamination in the samples.

Colourless pellet was obtained after precipitation. After washing thoroughly with
ethanol and air drying, the pellet was dissolved in sterile distilled water of 50 pL by gentle
tapping. The tube was kept in room temperature, till the pellet got fully dissolved in the

added water.
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Table 8. Details of gene sequences retrieved from NCBI

I\SI:;. Calgliﬁzte Chromosome | Number of exons Gene length (bp)
1 |ACOI 2 4 2019
2 ACS2 8 4 1994
3 ACS3 10 5 2737
4 JACS7 6 4 2541
5 JAG6 7 5 4443
6 |CsARFS 6 12 7263
7  IMADS box23 10 8 7624
8 McAG2 1 9 6969
9 [WRKYI6 3 6 4724
10 |WRKY37 5 4 4068
11 |WRKY4 1 6 2000
12 |WRKY9 WRKY10 2 3 2066
13 |WRKY2?I 3 5 1798
14 |WRKY23 3 5 2948
15 |WRKY25 3 3 1614
16 |WRKY49 7 7 3781
17 |WRKY50 7 3 1577
18 |WRKYS51 7 3 2130
19 |WRKY54 2 3 3453
20 |WRKY56 3 2 2556
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Table 9. List of 20 gene-specific primer pairs designed

S. Primer Tm Product
No. name Forward primer (°C) Size (bp)
1 ACO] 5’GGCATCATCCTTCTCTTCC3’ 60.16 850
5’CACAGCTTTCATGGCTTCAA3” | 59.99
2 | ACS? 5’AAGAACCCCTACCACCCAAC3’ | 60.09 984
5’ATCCGTTTGAACTCGGACAC3’ | 59.97
3 ACS3 5’CGTCTACAGCCTCTCCAAGG3’ | 60.01 975
5’GCAACTACACACAGCCTCCA3” | 59.90
4 | ACS7 5’ GTGGAGCTCTCCAAAGTTGC3’ | 60.00 920
5CAGAGCCGGAGTAGATTTCG3® | 59.97
5 AG6 5’AAGATCCCCTCTCCTTCCAA3” | 60.01 856
5’GACCGACACATTTCGAACCT3’ | 59.97
6 CsARFS 5’CAAAGAGCTGGAGGAGTTGG3’ | 59.98 981
S’CTTTCACCACACGAGCAAGA3’ | 60.02
7 MADS box23 5’ GGCAGCTACCTTGAAGCAAC3’ | 60.02 1000
5’AGGCCAGTGTTTTCATTTGG3’ | 59.97
8 McAG2 5TCCTCCCTCAGCTGCTTTTA3’ 60.09 951
5’ACGAAAAGGCACAACCAAAC3’ | 60.02
9 WRKYI6 5’CACCATCCTCAAGTGGGACT3’ | 59.96 888
5’GGCCCCACTCATCTCTGTTA3’ 60.07
10 | WRKY37 5TCCTCGGGTCATCATTTTTC3’ 59.87 996
5’CAACATGCTTTCGGACATTG3” | 60.11
11 | WRKY4 5 TTGGATTCATGGGTGAGGAT3’ | 60.13 953
5TTCAGCCTGCAAAAGAAGGT3’ | 59.99
12 | WRKY9 WRKY10 | 5 GCCATTGCTCAAAGAAGAGG3’ | 59.96 888
5’"CAATAAGCATCGACGGGTCT3” | 60.10
13 | WRKY21 5TCTGGTGAACCTCCGGTAAG3® | 60.10 971
5 TCTGAGATGGGTGTGGATGA3" | 60.05
14 | WRKY23 5 TTCTGGTTTAAGCCCCACTG3’ 60.10 909
5’AACAATCCTCCTGCAACACC3® | 59.97
15 | WRKY25 5 TCAGCCACAGACAAAAGTCG3’ | 60.02 877
5TCGGATGGTCTTCTTCATCC3’ 60.01
16 | WRKY49 5TCTTTGTTCGCCTCGAAGAT3’ 59.96 851
5 TCGATGCATTAGTTCCACCA3” | 60.07
17 | WRKY50 5’ CCTCCCATGGCATTCTCTTA3’ 60.03 922
5’ GTTCGGAATGCAACCAAAGT3’ | 59.98
18 | WRKY51 5 GTGAAACGGTCGATCAAGGT3® | 59.97 965
5’"CAAGGAAACCCACCTCTCAA3” | 60.08
19 | WRKY54 5 TGTTTGGCGATGACAACAAT3’ | 59.97 852
5’ACTACTCAAGCCGCTCCA3’ 60.95
20 | WRKY56 5TGGGGATGAAAAGAGAGGTG3’ | 60.04 946
5’"CTAACCAAACCCAAGCCAAA3 | 59.97
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4.3.2. Assessment of quality and quantity of DNA

The quality and quantity of the isolated DNA were estimated using
electrophoresis and NanoDrop® ND-1000 spectrophotometer respectively. The DNA
samples were loaded along with gel loading dye in 0.8 per cent agarose gel for
electrophoresis. The samples yielded intact clear bright bands of high molecular weight
indicating the good quality DNA (Plate 2a and 2b). A260/280 absorbance ratio of all the DNA
samples checked in spectrophotometer ranged in between 1.8 to 2.0, showing the quality

of isolated DNA was good (Table 10).

Table 10. The quality and quantity of DNA estimated using NanoDropR®

spectrophotometer
Absorbance | Absorbance Optical Quantity
Sample at 260nm at 280nm Density of DNA
(Az60) (Az80) (A260/280) (ng/pul)

MC 136 11.44 5.90 1.92 763.69
KAUMCGy-101 | 10.85 5.87 1.84 666.98
Priya 76.83 41.64 1.84 2134.78
Priyanka 41.38 21.74 1.90 1528.66
M. charantia 34.35 17.61 1.95 1023.15
var. muricata

4.3.3. Optimization of amplifying conditions for the designed primers
4.3.3.1. ACO1

When gradient temperature range of 55-65 °C was set for annealing of primer set
ACOF/ACOR, two clear distinct bands along with primer dimer was obtained in all
temperatures till 63 °C, after which no bands appeared. One of the band was of 850 bp

(expected product size) and the extra non-intended band also appeared with same intensity
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Plate 1(a). Bitter gourd plants grown
for DNA isolation

Plate 1(b). Bitter gourd leaves samples

collected for DNA isolation



Plate 2(a). Genomic DNA isolated from bitter gourd

L - 1 kb DNA ladder

M - DNA isolated from monoecious genotype (MC-136)

G - DNA isolated from gynoecious genotype (KAUMCGy-101)
B - Blank



Plate 2(b). Genomic DNA isolated from bitter gourd for validation of marker

L - 1 kb DNA ladder
1 - Priya
2 - Priyanka

3 - M. charantia var. muricata



as that of intended one. The concentration of each primer was gradually reduced up to 0.7
uM where no primer-dimer was observed. To prevent non-specific binding of the primers,
the template volume was increased to 2.5 pL which also failed in elimination of the extra
band. The MgCl, concentration in the reaction mixture was reduced up to 1.3 uM when

Taq assay buffer B was used, which had only decreased the intensity of both the bands.

Gel elution was adopted as a last approach to extract only the band of expected size.
The QG buffer remained as the same yellow coloured clear solution after dissolving of
the gel, indicating optimum pH for elution. QIAquick column provided in the kit was used

for eluting the DNA from solution of gel dissolved QG buffer.

The concentration of the final eluted product was analyzed using NanoDrop® ND-
1000 spectrophotometer, which showed 35 ng/ uL. Since the minimum concentration of
eluted product required for sequencing was 50 ng/ pL, another one PCR was carried out
with the eluted product as DNA template. It had resulted in a clear single band of 850 bp

with no primer dimer for both monoecious and gynoecious samples (Plate 3).

4.3.3.2. ACS2

As the first step of optimization, gradient PCR with the temperature range of
55-65 °C was set for annealing of the gene-specific primer set ACS2F/ACS2R to the
template. The gel image have shown the clear distinct band of 984 bp along with two non-
specific bands and primer-dimers only up to 62 °C after which faint intended band were
observed. 61.5 °C was found as the optimum annealing temperature. The primer-dimers

was completely prevented upon gradual reduction of primer concentration to 0.6 uM.

Touchdown PCR was carried on with the annealing temperature of the first cycle
kept at 65 °C, the temperature increment of -0.5 °C/ cycle and the second cycle at 61.5 °C
using the program mentioned in Table 5. The gel image of these samples showed a clear
distinct band of 984 bp with no non-specific products and primer-dimers in both the

monoecious and gynoecious genotypes (Plate 4).
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4.3.3.3. ACS3

The gradient temperature range of 55-65 °C was set for annealing of the gene-
specific primer set ACS3F/ACS3R to the template. The intended band of 975 bp was
observed as a clear distinct band along with primer dimer and non-specific bands up to
62.5 °C, after which the band started fainting. The annealing temperature of 62 °C was
found optimum. The optimum concentration of primer was found to be 0.8 uM for

complete elimination of the primer-dimers.

Touchdown PCR by using the PCR program mentioned in Table 5 was carried out.
1.4 per cent gel image of these PCR products showed a clear intact band of 975 bp alone

for both the monooecious and gynoecious samples (Plate 5).

4.3.3.4. ACS7

The gradient temperature range of 55-65 °C was set for annealing of the gene-
specific primer set ACS7F/ACS7R to the template. The intended band of 920 bp was
observed as a clear distinct band along with two closely located non-intended bands and
primer dimer up to 62.5 °C, after which the band started fainting. The annealing
temperature of 62 °C was found to be optimum for the band of expected size. The optimum
primer concentration was found to be 0.8 uM for the complete elimination of primer-

dimers.

Touchdown PCR by using the PCR program mentioned in Table 5 was carried out.
The gel image of these PCR products showed a clear intact band of 920 bp alone for both

the monooecious and gynoecious samples (Plate 6).
4.3.3.5. AG6

Gradient PCR was carried out with the annealing temperature range of 55-65 °C for
both the monoecious and gynoecious samples with primer set AG6F/ AG6R. Light bands
of 856 bp were observed upto 62 °C after which no bands were seen. 62 °C was considered
optimum since, no mis-priming products were observed and the intended band was of good

intensity comparatively. When the number of cycle was increased to 32 to improve the
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1000 bp

850 bp

600 bp

Plate 3. Amplification of 4COI gene

L - 1 Kb plus DNA ladder

1 - Amplification in monoecious line (MC-136)

2 - Amplification in gynoecious line (KAUMCGy-101)
B - Blank



1000 bp
600 bp

Plate 4. Amplification of ACS2 gene

L - 1 Kb low range DNA ruler

1 - Amplification in monoecious line (MC-136)

2 - Amplification in gynoecious line (KAUMCGy-101)
B - Blank



1000 bp  frm———me ['975 bp

600 bp

Plate S. Amplification of ACS3 gene

L - 1 Kb low range DNA ruler

1 - Amplification in monoecious line (MC-136)

2 - Amplification in gynoecious line (KAUMCGy-101)
B - Blank



1000 bp

920 bp

600 bp

Plate 6. Amplification of ACS7 gene

L - 100 bp DNA ladder

1 - Amplification in monoecious line (MC-136)

2 - Amplification in gynoecious line (KAUMCGy-101)
3 - Blank



thickness of bands, many faint non-reproducible bands close to the intended band occurred
in both the samples, especially in gynoecious line sample.

Touchdown PCR with the annealing temperature of the first cycle set at 69 °C
(temperature increment of -0.5 °C/ cycle) and the second one set at 62 °C following the
PCR program in Table 5 was performed. The clear intense intact bands of 856 bp was

observed without any primer-dimer or mis-priming products for both samples (Plate 7).

4.3.3.6. MADS-box 23

To obtain the optimum annealing temperature for the primer sets MADS-box 23F/
MADS-box 23R, gradient temperature range of 55-65 °C was set using the PCR program
mentioned in Table 3. Optimum temperature found was 61 °C in all aspects without non-
specific and primer-dimer product with good yield of intended band of 1000 bp. The exact
composition of reaction mixture mentioned in Table 3 worked perfectly for the samples of

both sex types under investigation (Plate 8).
4.3.3.7. McAG?2

To obtain the optimum annealing temperature for the primer sets McAG2F/
McAG2R, the gradient range of temperature, 55-65 °C was set using the PCR program
mentioned in Table 3. Optimum temperature to obtain the specific band was 61 °C, but the
presence of faint primer-dimer was observed. The exact composition of reaction mixture
mentioned in Table 3 except the primer concentration of 0.8 uM worked well for the

samples of both sex types under study (Plate 9).
4.3.3.8. Gene-specific primers designed from cucumber

All the gene-specific primer sets designed from the gene sequences ofCucumis
sativus failed to amplify the bands of intended size even with varied range of temperatures,
different composition of reaction mixture and the wide range of PCRamplification
conditions. CsARF5F/ CsARF5R have shown very faint band, which was notin the range of

expected product size.
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4.3.4. Amplification, sequencing and sequence analysis of the genes

4.3.4.1. PCR amplification and sequencing of the genes

Out of 20 sets of gene-specific primers designed for 20 putative candidate genes
selected, 7 sets designed from Momordica charantia amplified properly. 13 primer sets
designed from the gene sequences of Cucumis sativus did not showed any amplification.
The details of PCR conditions of primer pairs optimized and given for sequencing are
represented in Table 11.

Each of the seven primer sets was used for amplification of monoecious (MC 136)
and gynoecious (KAUMCGy-101) genotypes of bitter gourd. Thus total of 14 samples
were sequenced.

Table 11. PCR conditions for optimized primer sets

Gene Annealing Optimum primer Product
temperature (°C) concentration (uM) size (bp)
ACO1 62.5 0.7 850
ACS2 61.5 0.6 984
ACS3 62 0.8 975
ACS7 62 0.8 920
AG6 62 1 856
MADS-box 23 61 1 1000
McAG2 61 0.8 951

4.3.4.2. Sequence analysis

Sequencing of all the 14 samples were done by using Sanger method (Sanger et
al., 1977). The length and quality of the all the sequences obtained were thoroughly
analyzed. The trimmed length of both forward sequence and reverse sequence were
observed. All the sequences obtained had Quality Value (QV) score more than 20 indicated
that sequences were of good quality and can be relied. The forward and reverse sequences
obtained for each sample were assembled into a single contiguous sequence using

‘CAP3’software. Multiple sequence alignment for the monoecious, gynoecious and the
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1000 bp |~

856 bp

600 bp |-~

Plate 7. Amplification of AG6 gene

L - 1kb low range DNA ruler
1 - Amplification in monoecious line (MC-136)

2 - Amplification in gynoecious line (KAUMCGy-101)



1000 bp

600 bp

1000 bp

Plate 8. Amplification of MADS-Box TF23 gene

L - 1 Kb plus DNA Ladder
1 - Amplification in monoecious line (MC-136)

2 - Amplification in gynoecious line (KAUMCGy-101)
B - Blank



951 bp

1000 bp |-

Plate 9. Amplification of McAG2 gene

L - 1 kb plus DNA ladder

1 - Amplification in monoecious line (MC-136)

2 - Amplification in gynoecious line (KAUMCGy-101)
B - Blank



reference sequence for each primer set were done using ‘clustal omega’ for computational

confirmation of the obtained sequences and for analyzing the variations.

4.3.5. Candidate genes characterized
4.3.5.1. I-aminocyclopropane-1-carboxylate oxidase (ACO1)

4.3.5.1.1. Amplification of the primer

The primer set (ACOI) was used to amplify the region of 846 to 1695 in the gene,
targeting 850 bp. An annealing temperature of 62.5 °C was set to run PCR. The optimum
concentration of forward and reverse primers of reaction mixture was found to be 0.7 uM.
Agarose gel electrophoresis in 1.4 per cent have shown a single band of 850 bp after a gel
elution and a PCR was ran again with the eluted product as template (Table 11). The gel image
is portrayed in Plate 3. The PCR product was sequenced.

4.3.5.1.2. Analysis of the sequences

In monoecious sample, trimmed sequence of the forward run was of 636 bp and
had a QV score of 48. The length of the reverse sequence was of 701 bp and the QV score
was 48 (Table 12). In gynoecious sample, trimmed sequence of the forward run was of
755 bp and had a QV score of 48. The length of the reverse sequences was of 753 bp and
QV score was 50 (Table 12).

4.3.5.1.3. Contig assembly

The contig obtained after assembling the forward and reverse sequence of4ACO

I primers was 746 bp long for monoecious sample and 780 bp for gynoecious sample

(Table 12).
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Table 12. Details of gene sequences obtained

Gene Sample| Sequence Lfll)ls)t h S(c)(;Ye lean(:ll:t(ll%p)
Monoecious| Forward 636 48 746
Reverse 701 48
Acol Gynoecious | Forward 755 48 780
Reverse 753 50
Monoecious| Forward 586 42 -
Reverse 0 0
ACS2 Gynoecious| Forward 724 55 -
Reverse 25 39
Monoecious| Forward 674 49 855
Reverse 384 38
ACS3 Gynoecious| Forward 841 54 841
Reverse 753 56
Monoecious| Forward 785 52 820
Reverse 819 53
ACS7 Gynoecious| Forward 803 51 833
Reverse 832 52
Monoecious| Forward 589 50 724
Reverse 597 32
AG6 .
Gynoecious | Forward 561 50 720
Reverse 411 36
Monoecious| Forward 913 52 914
M‘;g S - Reverse 865 52
TF23 Gynoecious | Forward 889 52 896
Reverse 838 51
Monoecious| Forward 800 48 847
MedG2 Reverse 812 53
Gynoecious| Forward 853 49 855
Reverse 845 52
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4.3.5.1.4. Multiple sequence alignment

Sequences of monoecious and gynoecious samples were aligned with the primer
target region from reference sequence of NCBI (monoecious) using Clustal Omega. No
variation was found between the sequences of monoecious and gynoecious samples

(Fig.1a, 1b and 1c).
4.3.5.2. I-aminocyclopropane-1-carboxylate synthase CMAI101-like (ACS2)

4.3.5.2.1. Amplification of the gene

The primer set (ACS2) was used to amplify the region of 82 to 1065 in the gene,
targeting 984 bp. An optimum annealing temperature of 61.5 °C was set in the touchdown
PCR program ran. The optimum concentration of forward and reverse primer in the
reaction mixture was found to be 0.6 uM. A single intact band of 984 bp was observed
upon electrophoresis. The gel image is portrayed in the Plate 4. The PCR product was

sequenced.

4.3.5.2.2. Analysis of the sequences
In monoecious sample, trimmed sequence of the forward run was of 586 bp and
had a QV score of 42. The reverse sequence obtained was nil (Table 12). In gynoecious
sample, trimmed sequence of the forward run was of 724 bp and had a QV score of 55.

The length of the reverse sequence was of 25 bp and the QV score was 39 (Table 12).

4.3.5.2.3. Assembly of contiguous sequence

No contig was obtained for both monoecious and gynoecious sample of ACS?2
primer, as reverse run of the former was failed and the latter yielded only 25 bp after
trimming.
4.3.5.2.4. Multiple Sequence alignment

The forward sequences of both the monoecious and gynoecious samples were
aligned with the reference sequence from NCBI (monoecious) to find out variations. No
valid variation was found in the gynoecious line compared to both monoecious genotype

(Fig. 2a, 2b and 2c).
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4.3.5.3. I-aminocyclopropane-1-carboxylate synthase (ACS3)
4.3.5.3.1. Amplification of the gene

The primer set (4CS2) was used to amplify the region of 1576 to 2550 in the gene,
targeting 975 bp. An optimum annealing temperature of 62 °C was set in the touchdown
PCR program ran. The optimum concentration of forward and reverse primer in the
reaction mixture was found to be 0.8 uM. A single intact band of 975 bp was observed
upon electrophoresis in 1.4 per cent agarose gel. The gel image was portrayed in the Plate

5. The PCR product was sequenced.

4.3.5.3.2. Analysis of the sequences

In the monoecious sample the trimmed sequence of the forward run was of 674 bp
and had a QV score of 49. The length of reverse sequence was 384 bp with the QV score
of 38. In the gynoecious sample the trimmed sequence of the forward run was of 841 bp
and had a QV score of 54. The length of reverse sequence was 753 bp with the QV score
of 56.

4.3.5.3.3. Assembly of contiguous sequence
The length of contig obtained after assembling the forward and reverse run of ACS3
primer for monoecious sample was of 855 bp. The length of contig obtained after

assembling the forward and reverse run of ACS3 primer for gynoecious sample was of 841
bp.

4.3.5.3.4. Multiple Sequence alignment

The contiguous sequences of both the monoecious and gynoecious samples for
ACS3 primer sets were aligned with the reference sequence from NCBI (monoecious) to
find out variations. No variation was found in the sequence of gynoecious line compared

to the sequences of both monoecious genotype (Fig. 3a, 3b and 3c).

60



ContiglG
ContiglM
nchi

ContiglG
ContiglM
nchi

ContiglG
ContiglM
ncbi

ContiglG
ContiglM
nchi

ContiglG
ContiglM
nchi

TGECATCATCCTTCTCT TCCAAGACCACAAGETCAGLOGCCTCCAGCTOLT TAAGGACGG
e

CCACTROGTCRACGT TCCCCCACTCCQCCACTCCATCATCGT CAACATCGRLGACCAGTT
CCACTROGTCRACGT TCCCCCACTCCQCCACTCCATCATCGT CAACATCGRLGACCAGTT
CCACTROGTCRACGT TCCCCCACTCCQCCACTCCATCATCGT CAACATCGRLGACCAGTT

e e e e

ARG TAACCACCATCTACGOCTCATTCTTTGTAACAATCGAAATGT TATACTAACGTTA
ARG TAACCACCATCTACGOCTCATTCTTTGTAACAATCGAAATGT TATACTAACGTTA
ARG TAACCACCATCTACGOCTCATTCTTTGTAACAATCGAAATGT TATACTAACGTTA

e e e e

ACATGAATTTATTGGTCACCACACATCTTTATGGTTGTCATTATT TGACAGGTTTTTTAC
ACATGAATTTATTOGTCACCACACATCTTTATGATTGTCATTATT TGACAGGTTTTTTAC
ACATGAATTTATTOGTCACCACACATCTTTATGATTGTCATTATT TGACAGGTTTTTTAC

ek T R R

TTTTT TGAAT ARACATTAAAT AT CAAARATTAAARATCTCTTTGTCTATATATCTCTTET
TTTTT TGAAT ARACATTAAAT AT CAAARATTAAARATCTCTTTGTCTATATATCTCTTET
TTTTT TGAAT ARACATTAAAT AT CAAARATTAAARATCTCTTTGTCTATATATCTCTTET

ek T R R

23

68

83
65
128

143
125
138

283
185
244

263
245
3@

Figure 1(a). Multiple sequence alignment of 4ACO1
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ContiglM
ncbi

ContiglG
ContiglM
ncbi

ContiglG
ContiglM
ncbi

Contigls
ContiglM
ncbi

ContiglG
ContiglM
ncbi

AATTOTTAARATTOTAATCOTATTCAGCAAAAGATATATOCTATCOAARAGTATGTTALT
AATTOTTAARATTGTAATCATATTCAGCAAAAGATATATOLTATCGAARAGTATGTTALT
AATTOTTAARATTGTAATCATATTCAGCAAAAGATATATOLTATCGAARAGTATGTTALT

e R e R e e R R

ATAATGOACAAGAGGAGAT TTTOC TAACCACAAATARAAATCTOC TCTAATGT TACCAAT
ATAATGRACAAGAGGAGAT TTTOC TAACCACAAATARAAATCTOC TCTAATGT TACCAAT
ATAATGEACAAGAGGAGAT TTTOC TAACCACAAAT ARAAATCTOC TCTAATGT TACCAAT

BhEmd R R ek kR kR Rk rd Rk R s gk R i dedo i d e s do o Sk do o sk

AATCCAAAAAGTTTARAT TGATOGOTTATGATARAT T TAATCATGAGT CAGTAGTGALLC
AAT AR AAGTTTARAT TGATOOOTTATGATARATTTAATCOTGAGT CAGTAGTGALCC
AAT AR AAGTTTAAAT TOATEOGTTATGATARATT TAATCGTGAGT CAGTAGTGALL

e R R Rk R R R

GOTOeCCAAAAT TCCTACTACCCAGT CAGTAGGRAAGTATCATTCTAGAGTATGTGGTLG
aTEOCAAAAT TCCTACTACCCAGTCAGTAGLGAAGTATCATTC TAGAGTATGTGGETLG
EaTEOCAAAAT TCCTACTACCCAGTCAGTAGLGAAGTATCATTC TAGAGTATGTGGTLG

S e b b b e

AT TACAATTTCCTCTTTGET TCATAGTAAT TATAATCOTGGGAT TTTGCAGGTGATAAL
AT TACAATTTCCTCTTTGET TCATAGTAAT TATAATCOTGGGAT TTTGCAGGTGATAAL
AT TACAATTTCCTCTTTGRT TCATAGTAAT TATAATCATGOGATTTTGCAGGTGATAAL

R e il e R

323
305
3648

383
385
428

443
425
458

Se83
485
248

583
345
L1515

Figure 1 (b). Multiple sequence alignment of ACO1
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ContiglM
ncbi
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ContiglM
ncbi
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ncbi

ContiglG
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GAACGGEAAGTACAAGAGCGTGOAGCACAGAGTGATAGCACAGOCAGATGOGRAAGDGOAG
GAACOGEAAGTACAAGAGCOTOOAGCACAGAGTGATAGCACAGOCAGATGOGRAAGGOAG
GAACGGEAAGTACAAGAGCOTOOAGCACAGAGTGATAGCACAGOCAGATGOGRAAGGOAG

e b e e e

GATGTCATTOGCATCATTCTACAACCCAGOOAGCOATOCAGTGATATACCCAGLCCCAAL
GATGTCATTOGCATCATTCTACAACCCAGROAGCGATOCAGTGATATACCCAGLCCCAAC
GATGTCATTOGCATCATTCTACAACCCAGOOAGCOATOCAGTGATATACCCAGLCCCAAL

e Y LR T

TCTOGTGOAGAAGEAGGCAGAAGAGAARAATCAGOTCTACCCARAATTTGTGTT TOAAGA
TCTGaTOEAGAAGLAGGCAGAARAGAARAATCAGGTCTACCCARAATTTOTGTT TGAAGA
TCTGOTOOAGAAGOAGGCAGAAGAGAARAATCAGOTCTACCCARAATTTGTGTT TOAAGA

e Y LR T

CTACATGAAGCTTTATACAGC TGTGAAGTTCCAGGLC -~~~ -~ === = === === === ===
CTACATGAAGCTTTATACAGE -~ = = == == —= = m—mmmm oo oomooo oo
CTACATGAAGCTTTATACAGC TETGAAGTTCCAGGCCAAGEAGCCAMGGTTTGAAGCCAT

s R R R R

—————————— 788
---------- 745
GAAAGCTGTG 858

B23
685
660

683
665
728

743
725
788

788
746
849

Figure 1 (¢). Multiple sequence alignment of ACO1




nchi
2M 2F 28385-1 P3997,Trimmed
26_2F 28152-3 P3974,Trimmed

nchi
2M 2F 28385-1 P3997,Trimmed
26_2F 28152-3 P3974,Trimmed

nchi
2M 2F 28385-1 P3997,Trimmed
26_2F 28152-3 P3974,Trimmed

nchi
2M 2F 28385-1 P3997,Trimmed
2G_2F 28152-3 P3974,Trimmed

nchi
2M 2F 28385-1 P3997,Trimmed
2G_2F 28152-3 P3974,Trimmed

nchi
2M 2F 28385-1 P3997,Trimmed
2G_2F 28152-3 P3974,Trimmed

AAGAAC CCCTACCACCCAACTCGTAACCCCACTGGAATTATTCAAATGLGGTCTCGCTGAL

GAAAATTATATATACATATTATTTTGGGTATGGGCAGCTGTCTTTCGACCTGGTGGAGGA
-------------------------------------- TGTCTTTCGACCTGGTGGAGGA
GAAAATTATATATACATATTATTTTGGGTATGGGCAGCTGTCTTTCGACCTGGTGGAGGA

GTGGCTGEATAGAAAT CCAGATGCCTTGGEAT TEAGAAGAAATGLGEAAGTCAGTGTTCAG
GTGGCTGEATAGA-ACCCCGATGCCTTGEEAT TRAGAAGAAATGLEEAAGTCAGTGTTCAG
GTGGCTGEATAGAAAT CCAGATGCCTTGRGEAT TERAGAAGAAATGLEEAAGTCAGTGTTCAG

AGAGCTEGCGCTTTTCCAAGACTACCATGGCTTGCCCGCTTTTAAAAAAGTGAGTTACTA
AGAGCTEGCGCTTTTCCAAGACTACCATGGCTTGCCCGCTTTTAAAAAAGTGAGTTACTA
AGAGCTEGCGCTTTTCCAAGACTACCATGGCTTGCCCGCTTTTAAAAAAGTGAGTTACTA

ATTTCCAATTTCTCGGTCTAAGTTCTTTTTTTCCCCTTAATTTGAATTRAAALAATAATTG
ATTTCCAATTTCTCGGTCTAAGTTCTTTTTTTCCCCTTAATTTGAATTRAAARATAATTG
ATTTCCAATTTCTCGGTCTAAGTTCTTTTTTTCCCCTTAATTTGAAT TRAAAAATAATTG

=

128

34

188
22
94

248
81
154

388
141
214

368
281
274

Figure 2 (a). Multiple sequence alignment of ACS2




ncbi
2M 2F 28385-1 P3997,Trimmed
2G_2F 28152-3 P3974,Trimmed

nchi
2M 2F 28385-1 P3997,Trimmed
2G_2F _28152-3 P3974,Trimmed

nchi
2M 2F _23385-1_P3997,Trimmed
2G6_2F 28152-3 P3974,Trimmed

nchi
2M_2F 283@85-1 P3997,Trimmed
26 2F 28152-3 P3974,Trimmed

nchi
2M_2F 23385-1 P3997,Trimmed
26 2F 28152-3 P3974,Trimmed

ncbi
2M 2F 28385-1 P3997,Trimmed
2G_2F_28152-3 P3974, Trimmed

ATTTCCAATTTCTCGGTCTAAGTTCTTTTTTTCCCCTTAATTTGAATTGAAAAATAATTG
ATTTCCAATTTCTCGGTCTAAGTTCTTTTTITTCCCCTTAAT TTRAAT TGAAAAATAATTG
ATTTCCAATTTCTCGGTCTAAGTTCTTTTTTTCCCCTTAATTTRAAT TGAAALATAATTG

TEAGTTATGT TATGTGTGTGTETAAT AATAAT TGTGTAGGAGCTGETGRAGTTGATGGLG
TEAGTTATGTTATGTGTGTGTGTAAT AATAAT TGTGTAGGAGCTGETGLEAGTTGATGGLG
TEAGTTATGTTATGTGTGTGTGTAATAATAAT TGTGTAGGAGCTGETGLAGTTGATGGLLG

GAAATACGAGGAAAC AAAGTGAAAT TCRATGTCAACAACCTCGTCCTCACCGETGGTGCA
GAAATACGAGGAAACALAAGTGAAATTCGATGTCAACAACCTCGTCCTCACCGETGGTGCA
GAAAT ACGAGGAAACAAAGTGAAATTCGATGTCAACAACCTCGTCCTCACCGETGGTGCA

ACTTCTGCCAATGAGATCCTTATGTTTTGTCTCGCTCAATCTGLAGAAGCCTTTCTCGTT
ACTTCTGCCAATGAGATCCTTATGTTTTGTCTCGCTCAATCTGLAGAAGCCTTTCTCGTT
ACTTCTGCCAATGAGATCCTTATGTTTTGTCTCGCTCAATCTGRAGAAGCCTTTCTCGTT

CCCACCCCATACTATCCAGGGTAACCCCACATTCTAAATAAATAAATAAATAAATAALLL
CCCACCCCATACTATCCAGGGTAACCCCACATTCTAAATAAATAAATAAATAAATAAAAL
CCCACCCCATACTATCCAGGGTAACCCCACATTCTAAATAAATAAATAAATAAATAAALR

ATCAACTATTTCGTTAAAATCCCACGTTGATACATGAGTTACTCCTCTCACTCTCGATAG
ATCAACTATTTCGTTAAAATCCCACGTTGATACATGAGTTACTCCTCTCACTCTCGATAG
ATCAACTATTTCGTTAAAATCCCACGTTGATACATGAGTTACTCCTCTCACTCTCGATAG

268
281
274

A28
261
334

488
321
394

548
381
454

BEe
441
514

668
581
574

Figure 2 (b). Multiple sequence alignment of ACS2




nchi
2M 2F 28385-1 P3997,Trimmed
2G_2F 28152-3 P3974,Trimmed

nchi
2M 2F 28385-1 P3997,Trimmed
2G_2F _28152-3 P3974,Trimmed

ncbi
2M 2F 28385-1 P3997,Trimmed
2G_2F _28152-3 P3974,Trimmed

nchi
2M 2F 28385-1 P3997,Trimmed
26 2F 28152-3 P3974,Trimmed

nchi
2M _2F _28385-1_P3997,Trimmed
2G_2F 28152-3 P3974,Trimmed

nchi
2M 2F 28385-1 P3997,Trimmed
2G_2F 28152-3 P3974,Trimmed

TTTTGAAATAAACCTCTATGAAGTATTGATATTTTGTATACAAAACTCTTACTTTTATCT
TTTTGAAATAAACCTCTATGAAGTATTGATATTTTGTATACAAAACTCTTACTTTTATCT
TTTTGAAATAAACCTCTATGAAGTATTGATATTTTGTATACAAAACTCTTACTTTTATCT

GGAATCCTCTCGCATGGCTGAAAAATATTTATCTTAATTGAT - -AAMATAATCTATCTCG
GGAATCCTCTCGCATGGCTGAAAAA - - - - = = e e e e e
GGAATCCTCTCGCATGGCTGAAAAATATTTTATCTTAATTGATAAAAATAATCTATCTCG

CAATCCAGTGTCCGAGTTCAAACGGAT 984
--------------------------- 586
--------------------------- 724

720
561
634

778
586
694

837
586
724

897
586
724

957
586
724

Figure 2 (c). Multiple sequence alignment of 4CS2




Contig3grc
Contig3mrc
MCEI

Contiglgrc
Contig3mrc
MCEI

Contigldgrc
Contig3mrc
MCEI

Contiglgrc
Contig3mrc
MCBI

Contig3grc
Contig3mrc
MCBI

Contig3lgrc
Contig3mrc
MCEI

CETCTACAGCCTCTCCAAGGATATGOGET TCCCCOOGTTTCOAGTCOGTATCATTTACTLC

——————— GATGCCGTTATCAGCTGTGCACGGAAGATGTCOAGCTTCGGGCTCGTGTCGTC
GTATAACGATGCCAT TOTCAGCTAGTGCACGEAAGATGTCGAGCTTCOGECTCGTGTCGTLC
GTATAACGATGCCAT TOTCAGCTAGTGLACGEAAGATGTCOAGCTTCOGGCTCGTGTCGTLC

Frpded ik gk kR kR ks gd mdhk R i ok ko ke R d kb kg ko Sk ik

GCAGACGCAGCACATEATTGCGTCEATGCTGTCCOACGATGAGTTTGTCGAGAGCTTCCT
GCAGACGCAGCACATEATTGCGTCEATGCTGTCCGACGATGAGTTTGTCRAGAGCTTCCT
GCAGACGCAGCACATGATTGCGTCRATGCTGTCCOACGATGAGTTTGTCGAGAGCTTCLT

e o ohe o9 e TR o S o e o S e 280 e 08 e S e oS o R o R oA e 90 oE R o R o e o e oo 0 e o S oo oo s e i W o R iR R R

TETTEEGAGTGCTEAGAAGCTCaCAGCACGCCACCAAGT TTCACTAAAGRACTTGLTCA
TETTOGGAGTGCTGAGAAGCTCOCAGCACGCCACCOGAAGT TTCACTAAAGRACTTGLTCA
TETTEGGAGTGCTEAGAAGCTCOCAGCACOGCCACCOAAGT TTCACTAAAGRACTTGCTCA

e o ohe o9 e TR o S o e o S e 280 e 08 e S e oS o R o R oA e 90 oE R o R o e o e oo 0 e o S oo oo s e i W o R iR R R

GeT TAGCTGATGAAT TATAGTARATATCGTTARATATGTAATTGAAAAATGT TTGRACTT
GeT TAGCTGATGAAT TATAGTARATATCGTTARATATGTAATTGAAALATEGTTTGRACTT
GeT TAGCTGATGAAT TATAGTARATATCGTTARATATGTAATTGAAALATEGTTTGRACTT

e o ohe o9 e TR o S o e o S e 280 e 08 e S e oS o R o R oA e 90 oE R o R o e o e oo 0 e o S oo oo s e i W o R iR R R

AGAGTTTTAACGAAAGT TTATGTAATATGCATGCAGGTTOGTATTGGGTATC TCLAAGGA
AGAGT T TTAACGAAAGT TTATGTAATATGCATGCAGGT TGGTATTGGGTATCTCCAAGGA
AGAGTTTTAACGAAAGT TTATGTAATATGCATGCAGGT TOGTATTGGGTATCTCLAAGDA

o o o e e s e sk o o e o e s o o ok e s e s o w ok e o e o oot o e e oot ok e o o ok R ok sk dok R ok
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113
124
138
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134
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233
244
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Figure 3 (a). Multiple sequence alignment of ACS3




Contig3grc
Contig3mrc
MCBI

Contig3grc
Contig3mrc
MCEI

Contig3grc
Contig3mrc
MCEI

Contig3grc
Contig3mrc
MCEI

Contig3erc
Contig3mrc
MCEL

Contig3grc
Contig3mrc
MCEL

AGTEOGEGACTOTTTTTGTGRATEGATTTCGAGGCATCTCT TGAAAGAGAAGACACTGGEAA
AGTEOGEGACTGTTTTTGTGRATGGATTTGAGGCATCTCTTGAAAGAGAAGACACTGGEAA

AETEOEEEACTGT TTTTGTEEATGEATT TEAGGCATCTC T TOAAAGAGAAGACACTEEAL
o o 0 et o ok s o R0 o e n e o o0 o R0 ok R e ok R R e s ok e ok R R R o e s ok R e e R 0k

GCAGAAATOOCOCTATOGAGAGTGATAATCAACGAGGTCAAGC TGAACGTATCGLCCGEA
GCAGAAATOOCOCTATOOAGAGTGATAAT CAACGAGOTCAAGC TGAACGTATCGLCCGEA
GCAGAAATOOCOCTATOGAGAGTGATAATCAACGAGGTCAAGC TGAACGTATCGLCCGEa

R R e Rk e R e R R e

TCTTCGTTCCACTGCTCCOAGCCCOGOOaTOaT TCAGAGT TTGCT TCGCCAATATOGRACGAL
TCTTCGTTCCACTGCTCCOAGCCCGOaTaaT TCAGAGT TTGCT TCQCCAATATGRACGALC
TCTTCGTTCCACTACTCCGAGCCCGOaTaaT TCAGAGT TTGCT TCACCAATATOGRACGALC

e v Sie g TR o4 oE e oA e SR o o T e o9 e o od e od o o o od o o e o9 ST oe o SRR oS e oo o oo o e 0 e e R o e e il o

AAAACAATORACATCTCTATAACCAGAAT CAGAACCTTTATGC TCCAAAACAAGRAGTCA
AARACAATOOACATCTCTATAACCAGAAT CAGRACCTTTATGC TCCAARAC AAGGAGECA
AAAACAATORACATCTCTATAACCAGAAT CAGAACCTTTATGC TCCAAAAC AAGRAGETA

e v Sie g TR o4 oE e oA e SR o o T e o9 e o od e od o o o od o o e o9 ST oe o SRR oS e oo o oo o e 0 e e R o e e il o

ACTAAGAT TAAGAAACACAAATTCTOTTGGCGACAAAGCAGCCTTOAGCTCAGOLTATCA
ACTAAGAT TAAGAAACACAAATTCTOTTGOCGACAAAGCAGCCTTOAGCTCAGGLTATCA
ACTAAGAT TAAGAAACACAAATTCTOTTGGCGACAAAGTAGCCTTOAGCTCAGGLTATCA

FEEISEEERERESERER RS SER R SR SrR RS sRRER SRR s R R SRR R R R

TCTCGAAGGCTTEAAGACATAATGTCGCCGCACTCGCCGCTACCTCAATCGCCAATGLTC
TCTCGAAGOCTTOAAGACATAATATCOCCGCACTCGCCQCTACCTCAATCGCCAATGCTC
TCTCGAAGGCTTOAAGACATAATGTCGCCGCACTCGCCGCTACCTCAATCGCCAATGLTC

dmdr gk kR R kh ki akh kR ek kiR bR i adh i kg s domkd ki ik

353
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413
424
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Figure 3 (b). Multiple sequence alignment of ACS3




Contig3grc
Contig3mrc
MCBI

Contig3grc
Contig3mrc
MCBI

Contig3grc
Contig3mrc
MCBI

Contig3grc
Contig3mrc
MCEI

Contig3grc
Contig3mrc
MCEI

Contig3grc
Contig3mrc
MCEI

TCTCGAAGGCTTEAAGACATAATGTCGCCGCACTCGCCQCTACCTCAATOGCCAATGLTC
TCTCGAAGGCTTEAAGACATAATAGTCOCCGCACTCGCCQCTACCTCAATOGCCAATGLTC
TCTCGAAGGCTTGAAGACATAATGTCOCCGCACTCGCCQCTACCTCAATCGCCAATGLTC

FEEIEsEEERERSIREREERE SRS ER RS ErR RS s R SR SRR R R R sE R R s R

CoAQCCACAACTTAGAGGOOACOACAGTCATATTGTGACGATCACGT TOAATARAATTTC
CoAGCCACAACTTAGAGGOOACOACAGTCATATTATGACGATCACGT TGAATARAATTTC
COAGCCACAACTTAGAGGORACOACAGTCATATTGTGACGATCACGT TGAATAAARATTTC

FEEIEsEEERERSIREREERE SRS ER RS ErR RS s R SR SRR R R R sE R R s R

AACTCEATCOAACACGOATTTTGACAAGT TAACGAAGAAATTTACTAATCAATCTCTCAS
AACTCGATCOAACACGOATTTTGACAAGT TAACGAAGAAATTTACTAATCAATCTCTCAS
AACTCGATCOAACACGOATTTTGACAAGT TAACGAAGARATTTACTAATCAATCTCTCAS

R e

TTGTTEGTTOGTaEGT TTTTGeGGT TGGT TTATTTGATGGATTAATCCTTCCTTCAGTTTT
TTGTTEGTTGTGEGT TTTTGEGGT TGGT TTATTTGATGEATTAATCCTTCCTTCAGTTTT
TTGTTGGTTOGTGGGT TT T TGaGGT TGGT TTAT T TGATGRATTAATCCTTCCTTCAGTTTT

R e

T AT AAT A = = == = = = = e e e e e e e e e e e
TTETAATAAGT ~ = = = = = = == = = o m e e e e e e e e e e
TTATAATAAGTTTCCAC TGTAAAATGGEC T TCTAATTCCCAATAAT TTAGGGAAC TTGGAG

e ]

—————————————— 855
GCTGTGTGTAGTTG 974
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Figure 3 (c). Multiple sequence alignment of 4CS3




4.3.5.4. I-aminocyclopropane-1-carboxylate synthase 7-like (ACS7)

4.3.5.4.1. Amplification of the gene

The primer set (4CS7) was used to amplify the region of 91 to 1010 in the gene,
targeting 920 bp. An optimum annealing temperature of 62 °C was set in the touchdown
PCR program ran. The optimum concentration of forward and reverse primer in the
reaction mixture was found to be 0.8 pM. A single intact band of 920 bp size was observed
upon electrophoresis in 1.4 per cent agarose gel (Table 12). The gel image was portrayed

in the Plate 6. The PCR product was sequenced.

4.3.5.4.2. Analysis of the sequences

In the monoecious sample, the trimmed length of the forward run was of 785 bp
and had a QV score of 52. The length of reverse sequence was 819 bp with the QV score of
53. In the gynoecious sample the trimmed sequence length of the forward run was of 803
bp and had a QV score of 51. The length of reverse sequence was 832 bp with the QV score
of 52 (Table 12).

4.3.5.4.3. Assembly of contiguous sequence

The length of the contig obtained after assembling the forward and reverse run of
the monoecious sample for ACS7 primer was of 820 bp and of gynoecious sample was 833
bp.
4.3.5.4.4. Multiple sequence alignment

The obtained monoecious and gynoecious sequences for the primer 4CS7 was
compared with the reference sequence from NCBI which also belongs to a monoecious
sample of bitter gourd. One base variation was found in the sequence of gynoecious sample
(G) compared to both monoecious (C) (Fig. 4a, 4b and 4c). On confirmation with
chromatogramic peaks, it was found as an error (Fig. 4d). No valid variations were found

in the obtained gynoecious line sequence compared to both the monoecious genotype.
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4.3.5.5. Agamous-like MADS-box protein AGL6 (AG6)
4.3.5.5.1. Amplification of the gene

The primer set (4G6) was used to amplify the region of 22 to 882 in the gene,
targeting 856 bp. An optimum annealing temperature of 62 °C was set in the touchdown
PCR program ran. The optimum concentration of forward and reverse primer in the
reaction mixture was found to be 1 pM. A single intact band of 856 bp size was observed
upon electrophoresis in 1.4 per cent agarose gel (Table. 12). The gel image is portrayed in

the Plate 7. The PCR product was sequenced.

4.3.5.5.2. Analysis of the sequences

In the monoecious sample, the trimmed length of the forward run was of 589 bp
and had a QV score of 50. The length of reverse sequence was 597 bp with the QV score
of 32. In the gynoecious sample the trimmed sequence length of the forward run was of
561 bp and had a QV score of 50. The length of reverse sequence was 411 bp with the QV
score of 36 (Table 12).
4.3.5.5.3. Assembly of contiguous sequence

The length of the contig obtained by assembling the forward and reverse run of the
monoecious sample for 4G6 primer in CAP3 was of 724 bp. The software failed to provide
contiguous sequence for the forward and reverse run of the gynoecious sample, as the
overlapping region between the two sequences was too low to be assembled. So the
assembly was done manually by aligning the forward and reverse run sequence with the

reference sequence in NCBI (monoecious).
4.3.5.5.4. Multiple sequence alignment

The obtained monoecious and gynoecious sequences for the primer AG6 was
compared with the reference sequence from NCBI which also belongs to a monoecious
genotype of bitter gourd (Fig.5a, 5b and 5c). Total of three SNPs and two In/Del variations
were found in the obtained gynoecious sample sequence compared to the sequence of both

monoecious genotype (Table 13). Each of these variations were compared with the
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MCBI
ContigdM
Contigdi

MNCEBI
ContigdM
ContigdG

NCBI
ContigdM
Contigda

MCEBI
ContigdM
ContigdG

MCBI
ContigdM
ContigdG

MCBI
ContigdM
Contigda

GTGGEAGCTCTCCAAAGTTGCAGTCTCCLACACTCACGGLGAAGACTCGLCCGTACTTCGLC

GECTGEAANAGCTTACGACGAAGATCCTTACCACGAAT CAACCAATCCCWCCGGCETCATC
GECTGEAANAGCTTACGACGAAGATCCTTACCACGAAT CAMCCAATCCCTCCOGCGTCATC
GGECTEEAAAGCTTACGACGAAGATCCTTACCACGAATCAACCAATCCCTCCGLGCGTCATC

CAAATOGLECCTCACAGAALATCAAGT AAGAT TAACAAACACCAAAALAAATCTCAACTTC
CAAATEGECCTCACAGAALAAT CAAGT AAGAT TAACAAACACCAAAANAAATCTCAACTTC
CAAATEGECCTCECAGAALAT CAAGT AAGAT TAACAAACACCAAAANAAATCTCAACTTC

TTGTGTTT T TCGTCGTAAAGTCTCAATTTTTITAACTGGGTTGGEGTTGEATTTTYGT AL
TTGTGTTT T TCGTCGTAAAGTCTCAATTTTTITAACTGGGTTGGEGTTGGATTTTTGTAA
TTGTETTTTTCGTCGTAﬁAGTCTCAATTTTTTTAACTGGGTTGGCGTTGGATTTTTGTAﬁ

ACAGRTGTCTTTCGRACT TAT TARAGGAGTAT TTEGAGCAGAATTGTGAAGEGEGAGCAGC
ACAGATGTCTTTCGACTTAT TEEAGEAGTATTTGEAGCAGAATTGTGAAGGEGEAGCAGC
ACAGATGTCTTTCGACTTAT TEEAGEAGTATTTGEAGCAGAATTGTGAAGGEGLAGCAGC

TAATTCTAATTCTAATTCTTCTGRGET TCAGAGAALAATGCCTTGTTCCAAGATTACCATGG
TAATTCTAATTCTAATTCTTCTGGGET TCAGAGAALAATGCCTTGTTCCAAGATTACCATGG
TAATTCTAATTCTAATTCTTCTGRGET TCAGAGAALATGCCTTGTTCCAAGATTACCATGG
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13
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78
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138
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240
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380
258
271

360
318
331

Figure 4 (a). Multiple sequence alignment of ACS7
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ContigdM
Contig4G

NCBI
ContigdM
Contig4dG

GCTGCTCTCTTTTAGGACTGCAATGGCTAGTTTTATGGAGGAAAT TAGAGGTGCAAGAGC
GCTGCTCTCTTTTAGGACTGCAATGGCTAGTTTTATGGAGGAAAT TAGAGGTGCAAGAGC
GCTGCTCTCTTTTAGGACTGCAATGGCTAGTTTTATGGAGGAAATTAGAGGTGRAAGAGC

8 e e e 28 25 25 2 i 2 20 e 2 i i 2 e 2 0 2 i 25 i 3 2 e 20 e i i i e e e e i i i i i e 8¢ i i i i I 2 e e i e dic | | e e i i i

Var 1

CAAATTTGATCCCAATAGAGTTGTTTTAACTGCTGGTGCCACTGCCGCCAATGAGCTTCT
CAAATTTGATCCCAATAGAGTTGTTTTAACTGCTGGTGCCACTGCCGCCAATGAGCTTCT
CAAATTTGATCCCAATAGAGTTGTTTTAACTGCTGGTGCCACTGCCGCCAATGAGCTTCT

8¢ 3 5 2 2 ¢ 2 30 ¢ 3 e e 3 R 3 M R R0 20 2 e i 3¢ 3 e i ¢ 2 i 3¢ 3 e I 3 e e i i 2 e 20 2 e e 3 e 0 ¢ 0 R 0 2 R i i 3 i i K

CACTTTCATTCTCGCCGACCCTGGCGATGCCTTGCTTGTCCCCACTCCTTATTATCCTGG
CACTTTCATTCTCGCCGACCCTGGCGATGCCTTGCTTGTCCCCACTCCTTATTATCCTGG
CACTTTCATTCTCGCCGACCCTGGCGATGCCTTGCTTGTCCCCACTCCTTATTATCCTGG

2 2 20 6 6 8¢ 3 2 2 2 20 ¢ 3 2 e 0 ¢ i 3 0 R0 R 0 0 0 R R 0 0 80 R R R 0 0 80 8 R R 0 i i i 8 K i K

GTAAGAATAAATAAATAAATAAATAAAACTGTTCATTTAATTTCATGCACTAATATTATA
GTAAGAATAAATAAATAAATAAATAAAACTGTTCATTTAATTTCATGCACTAATATTATA
GTAAGAATAAATAAATAAATAAATAAAACTGTTCATTTAATTTCATGCACTAATATTATA

¢ i i ¢ i i ¢ i ic i i i i i i i i i i i i i i i i i i i 2 i i 2 i i 2 i i ic i i ic dic 2 i dic i i i i 2 i ic i i i i i i i i

TATATTTTGGTCGGAGAATTTATGGGTTTTTTTTTCTTGGGTAAATTTCAGATTTGACAG
TATATTTTGGTCGGAGAATTTATGGGTTTT-TTTTCTTGGGTAAATTTCAGATTTGACAG
TATATTTTGGTCGGAGAATTTATGGGTTTT-TTTTCTTGGGTAAATTTCAGATTTGACAG
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Figure 4 (b). Multiple sequence alignment of ACS7
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ContigdG
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ContigdG

NCBI
ContigdM
ContigdG

NCBI
ContigdM
ContigdG

AGATTTGAGAT GLAGAACTGGAGTGAAAATTGTACCAATTCACTGCGACAGTTCAAATAA,
AGATTTGAGATGLAGAACTGLAGTGAAAATTGTACCAATTCACTGCGACAGTTCAAATAA
AGATTTGAGAT GLAGAACTGLAGTGAAAATTGTACCAATTCACTGCGACAGTTCAAATAA,

CTTTGAGATTACTCCCCAAGCTTTGLRAAGCGGCTTATAACGCTGCAGTGLGCCATGAATAT
CTTTGAGATTACTCCCCAAGCTTTGRAAGCGGCTTATAACGCTGCAGTGGCCATGAATAT
CTTTGAGATTACTCCCCAAGCTTTGLAAGCGGCTTATAACGCTGCAGTGLGCCATGAATAT

CAAAGTTAGAGGAGTTTTGATCACGAACCCATCAAACCCACTTGGCGCCACCATCCAALCG
CAAAGTTAGAGGAGTTTTGATCACGAACCCATCAAACCCAGTTGGCGCCACCATCCAACG
CAAAGTTAGAGGAGTTTTGATCACGAACCCATCAAACCCAGTTGGCGCCACCATCCAALCG

728
677
098

7868
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848
797
816
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Figure 4 (¢). Multiple sequence alignment of ACS7
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Figure 4 (d). Chromotogram peak images for Varl



contigS5g23.

ContigSmrc
NCBI

contig5g23.

ContigSmrc
NCBI

contig5g23.

Contig5Smrc
NCBI

contig5g23.

ContigSmrc
NCBI

contig5g23.

ContigSmrc
NCBI

contig5g23.

Contig5Smrc
NCBI

12

12

12

12

12

12

AAGATCCCCTCTCCTTCCAAATGCTCCATCATCTTAACTACCACTTCTTCTTCCCAAAAC

-------------------------------------------- TCGTATTTGTATCCCG
- - ~AGACAAACACAAACCCGTTTCAATTTTGAATGACCCATTATTCGTATTTGTATCCCG
CAAAGACAAACACAAACCCGTTTCAATTTTGAATGACCCATTATTCGTATTTGTATCCCG

i 20 280 0 2 J8C 260 280 280 M0 20 280 D80 80 8¢ 260

GTTTCTTTATCCATCGACGACGACAATTCTCCGATCTGCAC CAAAAACAATGGGGAG
GTTTCTTTATCCATCGACGACGACAATTCTCCGATCTGCAC CAAAAACAATGGGGAG
GTTTCTTTATCCATCGACGACGACAATTCTCCGATCTGCAC CAAAAACAATGGGGAG

L E SRS EEEEET RS2 S EE R R R R Rk kR R R R M A M R DR R R

AGGGCGAGTTGAGCTGAAGAGAATAGAGAACAAAATAAACCGCCAAGTGACGTTTTCGAA
AGGGCGAGTTGAGCTGAAGAGAATAGAGAACAAAATAAACCCCCAAGTGACGTTTTCGAA
AGGGCGAGTTGAGCTGAAGAGAATAGAGAACAAAATAAACCGCCAAGTGACGTTTTCGAA

G G 0 D 0 0 0 0 00 D 0 0 0 00 D G D 0C D 0 D0 0 2 C D J0C D 00 G 00 NG JC NG J0C 00 00 G G D G 0 00 200 D00 DG 00 D0 00 260 200 2 0 2 20 2

GCGCCGAAACGGGCTGCTCAAAAAGGCCTATGAACTCTCAGTTCTCTGCGACGCTGAGGT
GCGCCGAAACGGGCTGCTCAAAAAGGCCTATGAACTCTCAGTTCTCTGCGACGCTGAGGT
GCGCCGAAACGGGCTGCTCAAAAAGGCCTATGAACTCTCAGTTCTCTGCGACGCTGAGGT

0 e 3Bc e 3 0 St RC N N N . S N N N W e S e N N W W, R . R . W, W, N, e . . W N . . W N N e, . . e o . . . . e . 2. . Y, .

CGCTCTCATCATCTTCTCCAGCCGTGGGAAGCTCTATGAATTTGGCAGCGCTGGGTCTGT
CGCTCTCATCATCTTCTCCACCCGTGGGAAGCTCTATGAATTTGGCAGCGCGGGGTCTGT
CGCTCTCATCATCTTCTCCAGCCGTGGGAAGCTCTATGAATTTGGCAGCGCTGGGTCTGT
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Figure 5 (a). Multiple sequence alignment of 4AG6




contig5g23.12

ContigSmrc
NCBI

contig5g23.12

ContigSmrc
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contig5g23.12

ContigSmrc
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contigS5g23.12

ContigSmrc
NCBI
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NCBI

contig5g23.12

ContigSmrc
NCBI

TAATCTCTTCTTAT
CTCTTCTTAT
TAATCTCTTCTTAT

MO C 260 G 80 NC N C 0 C N i

TTCTTCCTCGTTTTCCCTTTCCCTTTTCCTCAGATCTGAATAA
TTCTTCCTCGTTTTCCCTTTCCCTTTTCCTCAGATCTG
TTCTTCCTCGTTTTCCCTTTCCCTTTTCCTCAGATCTGAATAA

G M 0 NG G R0 0 280 280 C 280 20 0 00 280 J8C 200 20 G D00 NC G 200 i G G 0 JRC D60 20 i 2 NG G N0 NG N i R

SNP2
CTTCTTCTTCCTTTTTTTCTCTCTCTGACACTGCCACAGGTTCTAATTTCTCTATCGCTT
CTTCTTCTTCCCTTTTTTCTCTCTCTGACACTGCCACAGGGTCTAATTTCTCTATCGCTT
CTTCTTCTTCCTTTTTTTCTCTCTCTGACACTGCCACAGGTTCTAATTTCTCTATCGCTT

I0C 0C 30 JNC C 0 JNC 0C N0 NC G 30 20 20 A0 J8C J0C G G 3 0 0 0 30 J8C 00 3G J0C JIC J0C I 0 R0 0 C 2IC 00 JIC IC 2R G 300 JIC A0 0 R0 0 J0C JIC JIC JIC JEC I 0 C I i i

In/Del 1

TAATTTCATGGGTTTTT-FTTTTCACTTTTTGTTGTTGTTddeGGTTTTCTGATGGATCT
TAATTTCATGGGGTTTT[I TTTTCACTCTTTGTTGTTGTTETGGGTTTTCTGATGGATCT
TAATTTCATGGGTTTTII TTTTCACTTTTTGTTGTTGTTETGGGTTTTCTGATGGATCT

R R RC RC RC RC BC NG G R i i i i G C RO NG N C G G RC HC 50 8GR R0 JHC 8GR C G B il bR 8 RC RC RC G R G G C I NG G NG G R N i

SNP3

CAGCTGGGGAAAAAGCTTTTTGTTCTGTCCAAAAACACTGCCGAGGTTGTTAATTCCTAC
CAGCTGGGGAAAAAGCTTTTTGTTCTGTCCAAAAACACTGCCGAGGTTGTTAATTCCTAC
CAGCTGGGGAAAAAGCTTTTTGTTCTGTCCAAAAACACTGCCGAGGTTGTTAATTCCTAC

B R B 2 B 2 2 B B S B E 2 E E 2 E 2 b E 2 . E B . 2 B . 2 2 2 2 E F 2 E B E = E E E . 2 2 E B 5 E 2 5 3 + 4

In/Del 2

TGAGAGAGAGAGAGAGAGACTGTCTCTCTCCTCTCTCTETCTCTCTCTCTCTCTCTCTCT
TGAGAGAGAGAGAGAGAGACTGTCTCTCTCCTCT--CT¢------ === === == === = =~
TGAGAGAGAGAGAGAGAGACTGTCTCTCTCCTCTCTCT -~~~ m == s e s e e e e e e - =

TC C W G i R G O G R W0 W0 W0 JRC AT G G DG 0 RC W C C WG S G SR 80 T G . o

CTCTCTCTCTCTCTCTCTCTCTCTCTTCTCTCTCTCATCACTGAGACCTTTGTGTATAA
--------------------------- TCTCTCTCTCATCACTGAGACCTTTGTGTATAA
--------------------------- TCTCTCTCTCATCACTGAGACCTTTGTGTATAA
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Figure S (b). Multiple sequence alignment of AG6




contigbgli.
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ContigSmrc
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12

12
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AATGGAAACTAGGGTTTTTGATCTTCCTCCAAAACCTGCAACCCCATTTGTCTGTTTTTC
AATGGAAACTAGGGTTTTTGATCTTCCTCCAAAACCTGCAACCCCATTTGTCTGTTTTTC
AATGGAAACTAGGGTTTTTGATCTTCCTCCAAAACCTGCAACCCCATTTGTCTGTTTTTC

TTTTCATCCTTAAATCCCTTGGTAATGGGGTTACCCTCTCTCTCT - - - - - - - - - - - - -
TTTTCATCCTTAAATCCCTTGGTAATGGGGTTACCCTCTCTCTCTCTAACCAACCTC - --
TTTTCATCCTTAAATCCCTTGGTAATGGGGTTACCCTCTCTCTCTCTAACCAACCTCTAT

TAATGGCGGETTTCCGCGTTCTATTTCAATTAACCGTTCGATGTAGGTTCGARATGTGTC

——-- 720
- 724
GGTC 856

675
667
732

728
724
792
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724
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Figure 5 (c). Multiple sequence alignment of 4AG6




corresponding chromatogram peaks to ensure that the variation was not due to sequencing
error. To further understand and rely on these variations, multiple sequence alignment was
done using Clustal Omega including the homologous sequences available from the related
cucurbits like Cucurbita maxima, Cucurbita pepo and C. moschata. Those sequences were

obtained by subjecting the primer target region of 4G6 sequence to BLASTn (Fig. 9).
4.3.5.5.5. Characterization of sequence variations

4.3.5.5.5.1. Characterization of SNPs
SNP1

Multiple sequence alignment had revealed the presence of guanine (G) in 59"
position of contig assembled for gynoecious sample whereas in both monoecious
sequences, the same aligned contained adenine (A). This was also confirmed by the
obtained chromatogram peaks of the sequences which clearly depicts the base calling of
guanine (G) (single peak for G at 148" base) in gynoecious sample and Adenine (A) (single
peak for A at 141"™) in the monoecious sample (Fig. 6). The SNP1 was found to be located
within the complete mRNA sequence of the gene (Fig. 15). But, the SNP region was not
found to directly code for a protein.

Alignment with orthologous sequences of other related cucurbits (Fig.10) had
shown the presence of guanine (G) in particular aligned position of all the sequences except
monoecious sequence obtained and the reference one. The SNP1 and its flanking region
were not found to be conserved.

SNP2

Multiple sequence alignment had revealed the presence of the base guanine (G) in
contig of gynoecious sample, where Adenine (A) was occupying in both the monoecious
sequences in the aligned region (Fig. 5b). Upon close observation of the chromatogram
peaks, a single peak was found for gynoecious sample at 390™ base whereas, a single peak
for Adenine (A) was found in the monoecious sample at 383™ base (Fig. 7). The SNP was

not comprised within the mRNA sequence of the gene.
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Alignment result with orthologous sequences of other related cucurbits (Fig. 11)
had shown the presence of Thymine (T) in particular of the three cucurbits, where ‘G’ and
‘A’ was present in the gynoecious and monoecious sequence respectively. Flanking region
was not found to be conserved.

SNP3

Multiple sequence alignment had shown the presence of the base Guanine (G) in
an aligned region where Thymine (T) was found in the mooecious and reference sequence.
Since this SNP was found towards the end of the sequence, the chromatogram peaks for
this flanking sequence was not found in the AB1 file of the forward run. 5-7 bases flanking
the SNP was converted to reverse complementary sequence and search of this sequence in
ABlfile of reverse run, enabled finding the chromatogram peaks of this sequence. A single
peak was observed in the 314" position of reverse monoecious sequence where the Adenine
(A) was base called. A peak of Cytosine (C) was observed in 392" position along with
some other background noises in the reverse run of gynoecious sample (Fig. 8). The
flanking region also had some gaps attributed only due to the changes in monoecious
sequence from gynoecious and reference. The SNP was not comprised within the mRNA
sequence of the gene.

Alignment with orthologous sequences of other related cucurbits (Fig. 12) had
shown the presence of Thymine (T) in particular position of all the sequences except the
gynoecious sample sequence of the bitter gourd. Flanking region was not found to be
conserved.

4.3.5.5.5.2. Characterization of In/Dels
In/Del variation 1

Multiple sequence alignment presented a deletion of one base, thymine (T), from
gynoecious sequence compared to monoecious sequences (Fig. 5b). It was also confirmed
by observing chromatogram peaks. The region was not comprised within mRNA sequence

of the gene.

Alignment with orthologous gene sequences had shown the presence of thymine
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Figure 6. Chromatogram peaks of monoecious and gynoecious sequences for SNP1
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Figure 7. Chromatogram peaks of monoecious and gynoecious sequences for SNP2
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Figure 8. Chromatogram peaks of monoecious and gynoecious sequences for SNP3
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PREDICTED: Momordica charantia agamous-ike MADS-box protein AGLE (LOC111015502) mRNA ~ Momordicacha... 654 654 41% 00 10000% 1079  XM_022290550 1
Momordica charantia AGAMOUS LIKE®-like protein (AG6) mRNA, complete cds Momordicacha.. 654 654 41% 00 10000% 1061 DQ4312471
PREDICTED: Cucurhita maxima MADS-box transcription factor 6 (LOC111434193), mRNA Cucurbita maxima 222 222 21% 3e-5) 88.24% 953  XM_0231440731
PREDICTED: Cucurhita moschata MADS-hox franscription factor 6 (LOC111464291), mRNA Cucurbitamosc... 222 222 2% 3e-hd 88.24% 967  XM_0231084341
PREDICTED: Cucurbita papo subsp. pepo MADS-box transcription factor 6 (LOC111779296) mRNA  Cucurbitapepo .. 217 217 21% 1e-51 28.04% 918 XM 0236594171
PREDICTED: Rhodamnia argentea agamous-like MADS-box protein MADSZ (LOC115755165), mRNA Rhodamniaarg.. 174 174 20% 68e-39 8436% 1133  XM_030634476.1
PREDICTED: Vitis riparia agamous-like MADS-box protein MADS2 (LOC117929562) transcript variant... Vitis riparia 163 163 2% 2e-35 8297% 1162 XM_034849875 1
PREDICTED: Vitis riparia agamous-like MADS-box protein MADS2 (LOC117929562) transcript variant... Vifis riparia 163 163 21% 2e-35 8297% 1084  XM_034849874 1

Figure 9. BLASTn results of target region in 4G6 gene sequence




contig5g23.12 GCACHGECAAAAACAATGGGGAGAGGGCGAGTTGAGC TGAAGAGAATAGAGAACAAAATA 113
mochag6target GCACHAGCAAAAACAATGGGGAGAGGGCGAGTTGAGC TGAAGAGAATAGAGAACAAAATA 217
ContigSmrc GCACAA§CAAAAACAATGGGGAGAGGGCGAGT TGAGC TGAAGAGAATAGAGAACAAAATA 154
maxima GAACYGHATCGAAAAATGGGGAGAGGAAGAGTTGAACTGAAGCGAATAGAGAACAAAATC 271
moschata AAACAGE CGCCAAAAATGGGGAGAGGAAGAGTTGAACTGAAGCGAATAGAGAACAAAATC 297
pepo ARACAGECGCCAAAAATGGGGAGAGGAAGAGTTGAACTGAAGCGAATAGAGAACAAAATC 242
L3 XX REXXTRERIERIXR REXXXER EXXXXX XXX EXITXERRN
Figure 10. Multiple sequence alignment with orthologous sequences for SNP1
contig5g23.12 GAATAATGRTAATCTCTTCTTATCTTCTTCTTCCTTTTTTTCTCTCTCTGACACTGCCAC 353
mochag6target GAATAATARTAATCTCTTCTTATCTTCTTCTTCCTTTTTTTCTCTCTCTGACACTGCCAC 457
ContigSmrc GAAAAARARAAAACTCTTCTTATCTTCTTCTTCCCTTTTTTCTCTCTCTGACACTGCCAC 394
maxima ATTTCTJTRTCT-- - -TAATCATGTTCTTCACGCCTTCATAGATCCACGCGCTTTCTCTA 507
moschata ATTTCT[TFTCT----TAATCATGTTCTTCACGCCTTCATAGATCCACGCGCTTTCTCTA 533
pepo ATTTCTITFTCT - - - -TAATCATGTTCTTCACGCCTTCATAGATCCACGCGCTTTCTCTA 478
= X XX XXXXXX x X% = x X Ed = x
Figure 11. Multiple sequence alignment with orthologous sequences for SNP2

contig5g23.12
mochag6target
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GTT
GTT
TAG
TAG
TAG

GGTTTTCTGATGGATCTCAGCTGGGGAAAAA--GCTTTTTGTTCTGTCCAAAA-
GGTTTTCTGATGGATCTCAGCTGGGGAAAAA--GCTTTTTGTTCTGTCCAAAA-
GGTTTTCTGATGGATCTCAGCTGGGGAAAAA--GCTTTTTGTTCTGTCCAAAA-
GTTAATCTCCTGTCTCACACATCAGACACACACAGATTCTGTTCCTTAATTTCA
GTTAATCTCCTGTCTCATACATCAGACACACACAGATTCTGTTCCTTAATTTCA
GTTAATCTCCTGTCTCATACATCAGACACACACAGATTCTGTTCCTTAATTTCA
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Figure 12. Multiple sequence alignment with orthologous sequences for SNP3




contigSg23.12
mochagbtarget
ContigSmrc
maxima
moschata

pepo

AGGTTCTAATTTCTCTATCGCTTTAATTTCATGGGTTTTT- {TTTTCACTTTTTGTTGTT
AGGTTCTAATTTCTCTATCGCTTTAATTTCATGGGTTTTIT{TTTTCACTTTTTGTTGTT
AGGGTCTAATTTCTCTATCGCTTTAATTTCATGGGGTTTIT{TTTTCACTCTTTGTTGTT
AACAT - CAACGAAACCCTACCTAGTTTTTGGGGAAAACTATITTTTCTTTTTTCCTTGCC
TACAT - CAACAAAACCCTACCTAGTTTTTGGGGAAAACTGTITTTTCTTTTTTCCTTGCC
TACAT - CAACAAAACCCTACCTAGTTTTTGGGGAAAACTATTTTTTCTTTTTTCCTTGLC
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Figure 13. Multiple sequence alignment with orthologous sequences for In/Del 1
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contighbg23.12
mochagbtarget
Contigbmrc
maxima
moschata

pepo

CTCCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTC
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TTTGTCTCTTTCTCTTTTCATCCTTCAAT -CCTTTGGAAATCTTCCTCTCCCTCTCTCTC
TTTGTCTCTTTCTCTTTTCATCCTTCAAT -CCTTTGGAAATCTCCCTCTCCCTCTCTCTC
TTTGTCTCTTTCTCTTTTCATCCTTCAAT -CCTTTGGAAATC TCCCTCTCCCTCTCTCTC

TCTCTCTCTCATCACTGAGACCTTTGTGTATAAAATGGAA - -ACTAGGGTTTTTGATCTT
TCTCTCTCTCATCACTGAGACCTTTGTGTATAAAATGGAA - - ACTAGGGTTTTTGATCTT
TCTCTCTCTCATCACTGAGACCTTTGTGTATAAAATGGAA- - ACTAGGGTTTTTGATCTT
TCTCTCTCTTTTAA--TGAATTTAAGTACTTGATTTGTGTT-TTTGACATGTTCGTAGTA
-------- TTTTAA- -TGAATTTTAGTACTTGATTTGTGTT-TTTGACATGTTTGTAGTA
-------- TTTTAA--TGAATTTTAGTACTTGATTTGTGTTTTTTGACATGTTTGTAGTA
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Figure 14. Multiple sequence alignment with orthologous sequences for In/Del 2




contigSg
ContigSmrc
ncbimRNA
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agébncbi

contigSg
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agbncbi

contigSg
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agéncbi

contigSg
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TTGGGGTTTCCATTTTGTTGCAAAGCAAGATCCCCTCTCCTTCCAAATGLTCCATCATCT
——————————————————— GCAAAGCAAGATCCCCTCTCCTTCCAAATOCTCCATCATCT
TTGGGGTTTCCATTTTGTTGCAAAGCAAGATCCCCTCTCCTTCCAAATGCTCCATCATCT

----------------------------- AGACAAACACAAACCCGTTTCAATTTTGAAT
TAACTACCACTTCTTCTTCCCAAAACCAAAGACAAACACAAACCCGTTTCAATTTTGAAT
TAACTACCACTTCTTCTTCCCAAAACCAAAGACAAACACAAACCCGTTTCAATTTTGAAT
TAACTACCACTTCTTCTTCCCAAAACCAAAGACAAACACAAACCCGTTTCAATTTTGAAT

---------- TCGTATTTGTATCCCGGTTTCTTTATCCATCGACGACGACAATTCTCCGA
CACCCATTATTCGTATTTGTATCCCGGTTTCTTTATCCATCCGACGACGACAATTCTCCGA
CACCCATTATTCGTATTTGTATCCCGGTTTCTTTATCCATCGACGACGACAATTCTCCGA
CGACCCATTATTCGTATTTGTATCCCGGTTTCTTTATCCATCGACGACGACAATTCTCCGA
GACCCATTATTCGTATTTGTATCCCGGTTTCTTTATCCATCGACGACGACAATTCTCCGA
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Figure 15. SNP1 within the mRNA region of AG6




(T), in the particular position of all the gene sequence except in the obtained gynoecious
sequence (Fig. 13). Four bases flanking right side of the variation was found to be

conserved in all the sequence.
In/Del variation 2

Multiple sequence alignment presented a insertion of 48 bases of thymine (T) and
cytosine (C) repeats (TC)24 from gynoecious sequence compared to monoecious sequences
(Fig. 5b). It was also confirmed by observing chromatogram peaks. The region was not

comprised within mRNA sequence of the gene.

Alignment with orthologous gene sequences had shown the presence of some other
base in the particular position of the gene sequences from other but no bases in both
monoecious sequences of bitter gourd, depicting it as deletion from monoecious genotype

(Fig. 14).

Table 13. List of Sequence variation in 4AG6

Variations Gynoecious Monoecious Reference
SNP1 G A A
SNP2 G A A
SNP3 G T T
In/Del 1 - T T
In/Del 2 (TC)o4 - -

4.3.5.6. MADS-box transcription factor 23 (MADS-box23)
4.3.5.6.1. Amplification of the gene

The primer set (MADSbox-23) was used to amplify the region of 4898 to 5897 in
the gene, targeting 1000 bp. An optimum annealing temperature of 61 °C was set to run the

PCR program. The optimum concentration of forward and reverse primer in the reaction
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mixture was found to be 1 pM. A single intact band of 1000 bp size was observed upon
electrophoresis in 1.4 per cent agarose gel (Table 12). The gel image was portrayed in the

Plate 8. The PCR product was sequenced.

4.3.5.6.2. Analysis of the sequences

In the monoecious sample, the trimmed length of the forward run was of 913 bp
and had a QV score of 52. The length of reverse sequence was 865 bp with the QV score
of 52. In the gynoecious sample the trimmed sequence length of the forward run was of
889 bp and had a QV score of 52. The length of reverse sequence was 838 bp with the QV
score of 51 (Table 12).
4.3.5.6.3. Assembly of contiguous sequence

The length of the contig obtained after assembling the forward and reverse run of
the monoecious sample for MADS-box23 primer was of 914 bp and of gynoecious sample
was 896 bp.
4.3.5.6.4. Multiple sequence alignment

The obtained monoecious and gynoecious sequences for the primer was compared
with the reference sequence from NCBI which also belongs to a monoecious sample of
bitter gourd. No valid variations were found in the obtained gynoecious line sequence

compared to both the monoecious genotype (Fig. 16a, 16b and 16c¢).

4.3.5.7. Floral homeotic protein AGAMOUS-like (McAG?2)

4.3.5.7.1. Amplification of the gene

The primer set (McAG2) was used to amplify the region of 1153 to 2103 in the
gene, targeting 951 bp. An optimum annealing temperature of 61 °C was set to run the PCR
program. The optimum concentration of forward and reverse primer in the reaction mixture
was found to be 0.8 uM. A single intact band of 951 bp size was observed upon
electrophoresis in 1.4 per cent agarose gel (Table 12). The gel image was portrayed in the

Plate 9. The PCR product was sequenced.
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GGCAGCTACCTTGAAGCAACAACTGCAGTACTTGCAAGAATGTCACAGGTATTCAAACTC

CTECTATGCTCGATATGT TAGACAAGGGAALAATAATCAGGC ALLAAATET TCAAGGCGAG
CTECTATGCTCEATATGT TAGACAAGEGAAAATAATCAGGCALAAMAATET TCAAGGCGAG
CTGCTATGCTCGATATGT TAGACAAGGGAAAATAATCAGGCALAAMAAATET TCAAGGCGAG

TAAAAGTTCAAATGTTGGTGTTCAAGTCCTCACAACTATATCTAATALAAANATTTTCTGA
TAAAAGTTCAAATGTTGGTGTTCAAGTCCTCACAACTATATCTAAT ALAAANMATTTTCTGA
TAAAAGTTCAAATGTTGGTGTTCAAGTCCTCACAACTATATCTAATALAAAMATTTTCTGA

AGANCTCCCTATCTCTAATCATAGATCTEAAGGACAAGCCTAGCTGETGCCCAAT TAGAN
AGANCTCCCTATCTCTAATCATAGATCTEAAGGACANGCCTAGCTGETGCCCAAT TAGAN,
AGAACTCCCTATCTCTAATCATAGATCTGAAGGACAAGCCTAGCTGGTGCCCAAT TAGAL

ATTAGTAALAAATACTTCATALAATGALAAT TCAGAGAALMACCACGTTCCACT TAMACATANGT
ATTAGTAALAAATACTTCATALAATGAATT TCAGAGAALMACCACGTTCCACT TALACATANGT
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AATTAAAAAATTCCATGT TAAAT TAACGTATTCTGCAGAACGATAATGGTTTAAACTTGA
AATTAAAAAATTCCATGTTAAAT TAACGTATTCTEGCAGAACGATAATELGTTTAALACTTGA
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Figure 16(a). Multiple sequence alignment of MADS-box23 sequence
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4.3.5.7.2. Analysis of the sequences

In the monoecious sample, the trimmed length of the forward run was of 800 bp
and had a QV score of 48. The length of reverse sequence was 812 bp with the QV score
of 53. In the gynoecious sample, the trimmed sequence length of the forward run was of
853 bp and had a QV score of 49. The length of reverse sequence was 845 bp with the QV
score of 52 (Table 12).
4.3.5.7.3. Assembly of contiguous sequence

The length of the contig obtained after assembling the forward and reverse run of
the monoecious sample for MADS box-23 primer was of 847 bp and of gynoecious sample
was 855 bp.
4.3.5.7.4. Multiple sequence alignment

The obtained monoecious and gynoecious sequences for the primer was compared
with the reference sequence from NCBI which also belongs to a monoecious line of bitter
gourd. One In/Del variation was found in the obtained gynoecious line sequence compared
to the both monoecious genotype. A base Guanine (G) was found inserted in gynoecious
lines /deleted in monoecious genotype (Fig. 17c). But, the variation was not lying within

coding region of the gene.

4.3.6. Marker development with variations

The variation obtained in the putative candidate gene can be used as a molecular

markers for differentiating monoecious lines from gynoecy.

4.3.6.2. SSR primer designing

The In/Del2 variation contains a dinucleotide [TC] repeated 24 times more in
gynoecious sample compared to both obtained monoecious sequence and the reference
sequence. MC136 sequence had deletion of one TC repeats. The total number of TC repeats
consecutively in gynoceious line (KAUMCGy-101) was 33, whereas in obtained
monoecious sequence (MC 136) and reference (OHB3-1) it was 8 and 9 respectively. This
significant variation in number of TC repeats between the monoecious and gynoecious

samples were utilized for the development of SSR marker.
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Primers were designed from the flanking region of TC repeats using Primer3
software. The details of SSR primers designed were given in Table 14. The SSR marker
was named as BGAG6. The SSR primer was designed targeting the region of 470-755 in
AG6 gene sequence (NCBI). The primer binding regions were conserved in both

monoecious and gynoecious samples which ensure the binding of primer to the template.

Table 14. Details of SSR primer designed

Length Product
Primer Sequence Tm(°C)
(bp) size (bp)
BGAG6F | SSTCTGACACTGCCACAGGTTC3” | 20 59.87 236
BGAG6R | 5’AAACAGACAAATGGGGTTGC3’ | 20 59.84

4.3.6.3. SSR amplification and validation
4.3.6.3.1. PCR amplification using BGAG6

PCR amplification with the primer set BGAG6F/ BGAGO6R yielded a clear band of
286 bp in monoecious sample (MC 136) and 334 bp in gynoecious sample (KAU-MCGy-
101). The gel image showing polymorphic bands in genotypes used for marker

development is portrayed in Plate 10.
4.3.6.3.2. Validation of marker BGAG6

The SSR marker was screened in three other monoecious genotypes viz. Priya,
Priyanka and wild type M. charantia var. muricata to check for polymorphic bands. The
marker had yielded approximate band size of 286 bp in all the screened monoecious
varieties. In the variety Priya, one additional band of 334 bp was also observed. The gel

image showing amplification pattern of SSR in different lines is portrayed in Plate 11.
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Plate 10. Amplification using SSR primer set BGAG6

L - 100 bp ladder

1 - Monoecious line (MC-136)

2 - Gynoecious line (KAUMCGy-101)
3 - Gynoecious line (KAUMCGy-101)
B - Blank



1000 bp

600 bp
|_400bp
:

Plate 11. Validation of SSR marker BGAG6

L - 100 bp DNA ladder

1 - Monoecious line (MC-136)

2 - Gynoecious line (KAUMCGy-101)
3 - Monoecious line (Priya)

4 - Monoecious line (Priyanka)

5 - Monoecious line (M. charantia var. muricata)
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5. DISCUSSION

Bitter gourd (Momordica charantia L.) is an economically and medicinally
important vegetable crop belonging to the family Cucurbitaceae. Hybrid vigour has been
exploited well in the crop for earliness and yield related traits. However, hand emasculation
and pollination makes the production of hybrids labour intensive and costly. Use of
gynoecious line as female parent in hybrid production eliminates this problem. Since
gynoecy is reported to be highly influenced by environment (Dey et al., 2012), the early
detection of the gynoecious lines will be difficult. Molecular markers linked to gynoecy
aids in the early detection of this economically important trait. Identification of candidate
genes for the gynoecism may help in development of molecular markers for detecting

gynoecious line.

The study entitled ‘Molecular characterization of gynoecy in bitter gourd
(Momordica charantia L.)’ was carried out at Centre for Plant Biotechnology and
Molecular Biology (CPBMB) and Department of Vegetable Science, College of
Agriculture, Vellanikkara, Thrissur, during 2018- 2021. The findings of this study a will

be discussed in this chapter.
53.1. Candidate gene analysis for gynoecy

53.1.1. Selection of putative candidate genes
Putative candidate genes for gynoecy selected in this study can be grouped as
ethylene and auxin related genes, MADS-box transcription factor genes and WRKY

transcription factor genes.
53.1.1.1. Ethylene and auxin related genes

Potential candidate genes governing gynoecy in bitter gourd were identified by
Gunniah et al, (2014) using in-silico differential gene expression analysis between a

gynoecious (Gy323) and monoecious (DRAR-1). They identified a list of putative
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candidate genes which includes ethylene biosynthesis genes, ACOs and ACS. A study by
Kumari (2015) provided a strong evidence for role of McACS2 mediated biosynthesis of

ethylene in sex determination of bitter gourd.

The candidate genes related to ethylene biosynthesis mediated sex determination
namely, /-aminocyclopropane-I-carboxylate oxidase (ACOI), 1-aminocyclopropane-1-
carboxylate synthase CMA101-like (ACS2), 1-aminocyclopropane-1-carboxylate synthase
(ACS3) and I-aminocyclopropane-I1-carboxylate synthase 7-like (ACS7) were selected and
each of their gene sequences were retrieved from previous scaffold level draft genome

assembly of M. charantia, ASM19950v1 in NCBI GenBank database.

Auxin related transcripts were one among the highly differentially expressed
genes between monoecious and gynoecious lines (Shukla et al., 2015). Auxin response
factor 4 (CsARF5) from cucumber was selected and retrieved from chromosome level

genome assembly of Cucumis sativus, ASM407v2.

53.1.1.2. MADS-box transcription factor genes

AG (Agamous) is a class C homeotic gene which encodes for MADS box
transcription factor. Its interaction with other MADS-box protein plays an essential role in
induction of floral organ in Arabidopsis (Honma and Goto, 2001). Peng et al. (2008)
studied gene expression pattern of McAG2 and McAG6 in different tissues of bitter gourd
which clearly indicated the role of two genes in regulation of floral organ development in

Momordica charantia L.

A great number of MADS-box genes have expression pattern that is different
between male and female sexes during genetic and molecular basis of analyses in many
plants (Gramzou and Theissen, 2010). Three MADS box genes McMADSI, McMADS10
and McMADS?22 were identified as putative genes related to sex determination mechanism

in bitter gourd (Hseih and Yin-yin Do, 2019).

Three MADS-box transcription factor genes viz. Agamous-like MADS-box protein
AGL6 (AG6), MADS-box transcription factor 23 and Floral homeotic protein AGAMOUS-
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like (McAG2) from bitter gourd were selected in this study as putative candidate genes for
gynoecy.

53.1.1.3. WRKY transcription factor genes

WRKY DNA-binding protein has been identified as one among the putative
transcription factors of sex determination, when transcriptome profiling was done between
monoecious and gynoecious cucumber (Guo et al., 2010). Rudich ef al. (1974) suggested
that ABA promotes female flowering tendency wherein WRKY TFs plays a crucial role in
ABA response pathway (Rushton ef al., 2010).

A list of 12 WRKY transcription factor genes were selected from a report by Shukla
et al. (2015) from cucumber for candidate analysis in the study (Table 2). The genes of

smaller size were preferred during selection.
53.1.2. Total genomic DNA isolation

Pale green, tender leaves of bitter gourd (first or second from the tip) were used for
isolation of DNA. The CTAB method of DNA isolation protocol suggested by Rogers and
Bendich (1994) with slight modification yielded good quality and quantity of DNA. The
modification adopted was adding of PVP directly to the CTAB buffer while pre-warming

1n water bath.

The main problem encountered during isolation of DNA from plants is the
accumulation of protein, polyphenols and secondary metabolites (Weising et al., 1995 and
Matasyoh et al., 2008). Collection of samples in ice box was practiced to prevent the
oxidation of polyphenols to polyquinones, which binds to the DNA, making the extraction
difficult. Grinding the samples with liquid nitrogen, makes the cell wall brittle and hold the
metabolic activities, which also helped in reducing phenol oxidation. Addition of 50 uL of
B-mercapto ethanol helped in controlling protein contamination by denaturation of
proteins. RNAse A (Ribonuclease A) was used in eliminating RNA contamination(Gallego

and Martinez, 1996; Wettasinghe and Peffley 1998). Over drying of DNA after
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ethanol wash caused problem in dissolving pellets. This is due to the conversion of B form

of DNA to D form.

53.1.3. Assessment of quality and quantity of DNA isolated

During molecular analysis, the quality and quantity of DNA used plays a crucial
role in determining the success of further steps like PCR and sequencing. Agarose gel
electrophoresis and spectrophotometric methods were used to determine the quality and

quantity respectively.

The isolated DNA samples were ran on 0.8 per cent agarose gel. The EtBr added in
the gel enables the visualization of DNA when observed under UV light. This is due to the
intercalation of dye between the base pairs of DNA. Good quality DNA will be indicated
by the presence of an intact, high molecular weight band, with less smearing and minimum
contamination by RNA (Wettasinghe and Peffley, 1998). The good quality DNA isolated
in the present study is portrayed in Plate 2.

The quantity analysis by NanoDrop® ND-1000 spectrophotometer was found
efficient, since it measures absorbance from one pL sample with high accuracy and
reproducibility. It eliminates the use of cuvettes and other sample contaminating devices
as in the conventional UV spectrophotometer. Maximum absorbance of nucleic acids will
be at the wavelength of 260 nm and that of protein will be 280 nm. Aj60/Asgo ratio will be
within the range of 1.8-2.0 for good quality DNA samples (Meena, 2014; Thakur et al.,
2014). The absorbance ratio of the isolated samples fell within this range. (Table 10).

After assessing the quantity, the DNA samples should be diluted to 50 pL for
carrying out optimum PCR. The fitness of the diluted sample for further molecular analyses

can be indicated by good amplification when ran with a RAPD marker.
53.14. PCR amplification using gene-specific primers

Candidate gene analysis involves complete sequencing of the genes under study in
all the genotypes compared and studying of variations in the sequences for its association

with particular trait. In this study, a particular region of each of the candidate genes were
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sequenced by designing gene-specific primer pairs. The product size of designed primers
were set in the range of 850-1000 bp for all genes considering the processivity of tag

polymerase used in this study.
53.1.4.1. PCR optimization

The newly designed primers have to be standardized for optimum amplification of
the desired product. Primer dimers are a potential threat to the quality of sequence obtained
via Sanger sequencing (Brownie et al., 1997; Poritz and Ririe, 2014). The optimum
concentration of primers required in reaction were standardized for each set of newly
designed gene- specific primer. Low annealing temperature caused non-specific binding of
primers, yielding extra band along with the intended ones. Gradient PCR was found useful
in obtaining optimum temperature of annealing. Touchdown (TD) PCR offers advantage
of fast optimization, increased specificity, sensitivity and yield (Korbie and Mattick, 2008).
TouchDown PCR was applied in this study for primers whose annealing temperature were
known, but specificity and yield was a problem. No binding was found in some primer
pairs designed from gene sequences of cucumber, because the primer binding region of

those genes were not conserved in cucumber and bitter gourd.
53.1.4.2. Gel elution of desired band

Gel elution was useful in the case where all the optimization approaches failed to
eliminate the non-specific PCR products that reduces the quality of sequencing. Incubating
the samples up to 5 minutes in the spin column where DNA tends to bind, before each
centrifugation step contributed in eluting a good concentration of product. Running one
more PCR with the eluted product as a template with same composition of reaction mixture
and amplifying conditions helped solving the issue of very low concentration in gel elution

and purification.
53.1.5. Sequencing of PCR products

The quality of sequencing data will be determined based on established metric

known as Quality Value (QV). The quality sequencing data having QV greater than 20,
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means the probability that the base was miscalled is not greater than one per cent, is the
acceptable standard for a good sequence reaction (http://www3.appliedbiosystems.com).
The obtained sequences are of good quality and reliable, since all the sequences had QV

score more than 20.

Errors in sequencing can be found by scanning chromatogram peaks. It can be
identified by the presence of unevenly spaced peaks and more background noise to the
signal due to non-specific binding of primers. Errors in the extreme ends are acceptable
and common. This will be due to loss of resolution of signal as the gel progresses, but the
sequencer still attempts to read the signals, causing errors. Therefore, only trimmed

sequence obtained after removal of poor quality reads were used for assembling contigs.

Failure of only reverse run for the sample with the forward one extremely good, is
one of the common problems encountered in sequencing of PCR products. Before
sequencing, the samples will be purified to remove excess primers and residual salts
already present. If both the primers were still present in the sample, the forward primer
could dominate the reaction causing the failure of reverse run or shortening length of
reverse read excessively (Goraichuk, 2018). The failure of reverse run sequence with the

primer ACS2R was inferred due to improper purification of the PCR product.
53.1.6. Sequence variation analysis

Variations in the DNA sequences of plant genome can be deployed as molecular
breeding tools for trait association or molecular breeding (Stokes, 2002 and Gupta, 2002).
Spotting valid variations between contrasting genotypes requires very good quality
sequences. Scanning chromatogram peaks for all the variations found in the multiple
sequence alignment helped in avoiding misinterpretations of base calling and finding out

only valid variations.

No variations were found in sequence of gynoecious sample compared to
monoecious genotypes in the amplified region of the following genes- ACO1, ACS2, ACS3,
ACS7 and MADS-box 23.
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A single nucleotide mutation in ACO gene conferring andromonoecy to cucumber
was studied by Chen et al. (2016). The enzymatic activity of CsACO2 gene will be
disrupted resulting in the decreased ethylene emission from shoot tips during the critical
stage of sex determination. The development of carpel was blocked, turning the plant to
andromonoecy. The orthologous gene of Cs4CO?2 in melon, CmACQO3 also showed similar

expression pattern in the region of carpel development.

Since only 780 bp of ACOI gene in the gynoecious line of bitter gourd was
sequenced in this study, and no mutation was found, full gene sequencing have to be done

to establish its influence on sex expression.

Cs-ACS2 gene was reported to be potentially involved in regulating the
development of female flowers at the apex of the gynoecious cucumber plants (Kamachi
et al., 1997). Role of McACS?2 in ethylene mediated gynoecious sex expression in bitter
gourd was elucidated by Kumari (2015).

Bouleam et al. (2008) revealed that a single-nucleotide mutation in the highly
conserved region of the CmACS-7 affected the protein function and resulted in the reduced

enzymatic activity of ACC synthase in melon leading to andromonoecy.

Martin et al. (2009) delineated that a transposon insertion which led to methylation
of the WIP1 (G) gene promoter resulted gynoecious plants in melon. WIP1 encodes a

transcription factor whose expression prevents development of female organ.

Since only a selected region of the genes ACS2, ACS3, ACS7 and MADS-box 23 in
bitter gourd were sequenced and no mutation was observed, full characterization or at least
sequencing only the exonic region helps in understanding their role in gynoecious sex

expression.

This explains that the region of these genes amplified and sequenced in this study

have no direct role in influencing the gynoecious sex expression of bitter gourd.

Agamous-like MADS-box protein AGL6 (AG6) gene accounts for total of 3 SNPs

and 2 In/Del variations within the region amplified and sequenced in this study. Floral
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homeotic protein AGAMOUS-like (McAG2) gene accounts for one valid In/Del variation

within the sequenced region of gynoecious genotype used in this study.
53.1.6.1. Characterization of
VariationsSNP1

SNP1 in Agamous-like MADS-box protein AGL6 (AG6) was identified as a
transistion mutation [G/A] which is present in the coding region of the gene 10 bp
downstream from protein coding ORF, but not actually translated to protein. Therefore, its
presence in the 3’'UTR (untranslated) region of the gene can be understood, which may

influence gynoecy trait.

The non-coding regions downstream of coding sequences (CDS) is usually termed
terminators or 3’UTRs. The 3’ regulatory regions have a many types of cis-regulatory
elements which is directly involved in polyadenylation, stability, transport and mRNA
translation, essential to achieve the desired levels of gene expression (Bernardes and

Menossi, 2020). ‘3°’UTR mediated control of flowering time in Arabidopsis is established
by Kim et al. (2013).

Maximum expression of McAG6 in the shoot apex of bitter gourd along with
expression in both male and female flowers buds was revealed by Peng et al. (2008). They

also established that MCAG6 have a role in regulating bitter gourd floral development.
SNP2

This is the transition mutation [G/A] in the non-coding region of the gene Agamous-like

MADS-box protein AGL6 (AG6).
SNP3

This is identified as a transversion mutation [G/T] found in the non-coding region
of the gene. Since T is found conserved in a monoecious cucurbits like C. moschata, C.

pepo, C. maxima (Fig. 12), this SNP may influence the gynoecy trait in bitter gourd.
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In/Dels

In/Del 1 in non-coding region of Agamous-like MADS-box protein AGL6 (AG6)
gene may have influence on gynoecious trait, since the base pair thymine [T] was found
deleted in gynoecious line, which is present in all the orthologous genes from cucurbits
compared. In/Del mutation of 56 bp at 3’-UTR of branched-chain amino acid transaminase

(BCAT) gene between monoecious and gynoecious cucumber lines was reported by Win

et al. (2015).

In/Del 2 mutation of 48 bp dinucleotide repeats [TC]24 present in the non-coding

sequence of gynoecious line was observed in none of the monoecious cucurbits orthologs.

To overcome low pollination success in dioecious plants, at least seven transition
events from dioecy to monoecy might have followed in the genus Momordica (Schaefer
and Renner, 2010). Since the possible ancestral form of sex expression was dioecy, the
In/Dels in the gene 4AG6 which was also found conserved in other cucurbits indicates that

those were deletion in monoecious lines and not insertion in gynoecious line.

In/Del 1 variation [T] found in non-coding region of Floral homeotic protein
AGAMOUS-like (McAG2) gene may influence gynoecious sex expression in bitter gourd
indirectly.

53.2. Potential candidate genes of gynoecy in bitter gourd

Agamous-like MADS-box protein AGL6 (AG6) gene have valid SNPs and In/Dels
having potential association with gynoecism. But, its location in chromosome was not
clear, since BLAST with new genome assembly have shown the sequence in both the
chromosome 2 and 7 in the hit list with 100 per cent identity. Floral homeotic protein
AGAMOUS-like (McAG2) is located in chromosome 1 and have strong evidences of

flowering regulation.

Previous studies have mentioned the presence of gynoecy trait governing QTL in
the distal end of chromosome 1/linkage group 1 (Matsumura et al., 2014 and Matsumura

et al.,2020). Cui et al. (2018) have proposed that gynoecy in bitter gourd may be governed
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by interaction of two genes located in linkage groups MCO1 and MCO02. QTLs for other
sex expression related traits that may have influence in gynoecious nature such as female
flower number and first female flower node were also reported to be present in linkage

group 1 (Cui et al., 2018).

Thus, the above said evidences suggest that these two genes can be considered as
the potential candidate genes of sex expression in bitter gourd, especially McAG2 as
potential candidate for gynoecy. However, full gene characterization of both the genes are

required to reveal its potential as candidate genes in governing gynoecy.
53.3. Development of molecular markers for gynoecy

Marker assisted selection (MAS) certainly accelerates the breeding process and
powerful tool for selecting traits such as gynoecism. (Rao, 2018). The polymorphic
molecular markers are scarce in public database which hinders genetic mapping and its
usage in molecular breeding of bitter gourd. Due to limited molecular resources, India
molecular breeding of bitter gourd in India is in its infancy, particularly on functional
markers for traits such as gynoecy (Saha, 2018). Identification of gynoecious sex type in
bitter gourd using marker-assisted breeding in the early stage holds immense potential in

introgression of gynoecious trait.
53.3.1. Candidate gene based SSR marker

Simple sequence repeats (SSRs) are the preferred genetic marker having significant
importance in plant genetics and breeding over other marker types (Akkaya et al., 1992).
This is attributed to its advantages like very low requirement of DNA, ease of detection by
PCR (Morgante and Olivieri, 1992; Peakall et al., 1998), highly polymorphic (Gupta et al.,

1996) and extensive genome coverage.

F (female) locus-specific co-dominant marker based on In/Dels polymorphism was
identified by Win et al. (2015) which perfectly distinguished homozygous and
heterozygous gynoecious cucumber lines. The specific pair of primer Cs-BCAT-

F/CsBCAT-R was designed based on 56-bp In/Del at 3°-UTR of branched-chain amino

78



acid transaminase (BCAT) gene to analyze parents and Fi hybrid. Polymorphism was found

between parents, with an approximately 216 bp band in the monoecious line and 160bp band

in the two gynoecious lines while both the bands were present in F; plants.

Agamous-like MADS-box protein AGL6 (AG6) gene based SSR marker with
primers designed specific to 48 bp In/Del (TC)24 variation in the gene was developed on
this study. The developed candidate gene based SSR marker have shown polymorphism
between the monoecious (MC-136) and gynoecious (KAU-MCGy-101) genotype.

High yielding monoecious varieties of bitter gourd released from Kerala
Agricultural University viz. Priya and Priyanka were used in screening the developed SSR
marker. Priya is a green fruited variety whereas, Priyanka is white-fruited bitter gourd
variety. The wild type M. charantia var. muricata included in the screening is also of green

fruited type.

The molecular marker developed in this study, BGAG6 have shown monomorphic
band of 286 bp in the monoecious genotypes, MC136, Priyanka and muricata and
polymorphic band of 334 bp in gynoecious genotype on validation. The monoecious
variety Priya possesses both size of bands showing heterozygous condition. Since the
gynoecy is said to be governed by recessive gene, the variety Priya expresses monoecious

character.

Thus the SSR marker, BGAG6 have yielded the expected amplification pattern in
all the three varieties screened and differentiated all the three monoecious genotypes (Priya,
Priyanka and M. charantia var. muricata) included in the study, from the gynoecious
genotype (KAU-MCGy-101). This indicates that the SSR marker developed in this study
is a polymorphic marker and it can be used for identification of the gynoecious line (KAU-
MCGy-101) from monoecious lines. The marker needs to be validated in large population
of monoecious lines, Priya, Priyanka and muricata, to confirm it as a reliable marker for
distinguishing these monoecious lines from the gynoecious line, KAU-MCGy-101. Also,
it is required to screen more number monoecious and gynoecious varieties for unravelling

its potential in marker-assisted selection of gynoecious genotypes in bitter gourd.
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Molecular marker for SNPs have to be designed such that the 3’ end of the primer
falls complementary to the base on the allele that is present only in monoecious or
gynoecious genotype. Hence, amplification will occur only in either of the genotypes. The

designed marker also needs validation with large number of population.

The gene AG6 from which the SSR was developed may have role in fruit colour
development, since TAGI, an Agamous homolog from tomato have been reported to
regulate genes of chloroplast synthesis involved in fruit colour development (Liu et al.,
2020). Kole et al., (2012) have mapped the QTL governing fruit colour in linkage group 7.
Hence, it can be hypothesized that AG6 may also governs fruit colour in bitter gourd and
polygenic control of fruit colour in bitter gourd may be related to sex expression genes.
The marker have to be screened in more number of white fruited monoecious genotypes to

to unravel its potential in marker assisted selection based on immature fruit colour.

Full gene characterization of 60 kb NUA (Nuclear Pore Anchor) gene present in the
region associated with the QTL determining gynoecy (chromosome 1) in bitter gourd may
be done in future for development of large number of molecular markers by using sequence
variations. This gene which comprises mostly of introns with coding sequence of only 6,240
bp was identified by Matsumura et al. (2020) as a potential candidate gene governing

gynoecious sex expression in bitter gourd.
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6. SUMMARY

The study entitled ‘Molecular characterization of gynoecy in bitter gourd
(Momordica charantia L.)’ was carried out at Centre for Plant Biotechnology and
Molecular Biology (CPBMB) and Department of Vegetable Science, College of
Agriculture, Vellanikkara, Thrissur, during 2018- 2021. The objective of the study was to
characterize the gynoecious line of bitter gourd at molecular level through identification of
molecular markers that are closely linked with the sex expression. The findings of this

study are summarized as follows:

e Total genomic DNA was isolated from pale, tender leaves of one monoecious and
one gynoecious genotype. The isolated DNA was quantified using NanoDrop®
ND-1000 spectrophotometer. The absorbance ratio in the range of 1.80 — 2.0 was
obtained for all the samples, indicating the presence of good quality DNA for
carrying out molecular characterization

e 20 putative candidate genes of gynoecy were selected for this study and were
retrieved from bitter gourd and cucumber genome assembly in NCBI GenBank
database

e FEight putative candidate genes sequences were retrieved from bitter gourd genome
assembly, out of which four were ethylene biosynthesis genes (ACOI, ACS?2,
ACS3, ACS4 and ACS7) and three were MADS-box transcription factor encoding
genes (AG6, MADS-box TF23 and McAG?2)

e 13 putative candidate genes sequences were retrieved from cucumber genome
assembly, out of which one belongs to auxin signalling pathway (Cs4ARF'5) and the
rest 12 were WRKY transcription factor encoding genes (WRKY16, WRKY37,
WRKY4, WRKY9 WRKY10, WRKY21, WRKY23, WRKY25, WRKY49, WRKY50,
WRKYS51, WRKY54 and WRKY56)

e Primer sets were designed for a selected region for each of the genes. Totally 20

gene-specific primer pairs were designed. Seven primers were PCR amplified and
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sequenced. Rest of the primer sets designed from cucumber sequences failed to
amplify in bitter gourd template

Sequence variation were analyzed by comparing each of the obtained monoecious
and gynoecious bitter gourd sequences with the NCBI reference sequence which
also belongs to a monoecious bitter gourd line

A total of three SNPs and three In/Dels were obtained in gynoecious sequence in
comparison with both monoecious genotypes sequences. The sequenced region of
the genes 4G6 had three SNPs and two In/Dels and McAG2 had 1 In/Del mutation.
Thus both genes were identified as potential candidates for gynoecism in bitter
gourd

Except SNP1 of A4G6, all other variations were from non-coding region. The

lengthiest variation was found in In/Del2 from AG6 gene which was of 48 bp, a
di-nucleotide repeat of 24 times [TC]24

Significant difference in the number of di-nucleotide repeats [TC] of monoecious
and gynoecious sequence was used to develop SSR marker BGAG6. PCR
amplification with this marker yielded polymorphic band between the monoecious
and gynoecious genotypes

Validation of this SSR marker BGAG6 was done using isolated DNA samples of
three other monoecious lines — Priya, Priyanka and the wild type

M. charantia var. muricata. Expected banding pattern of polymorphism was
obtained for all the three monoecious varieties screened. The SSR marker
developed needs to be validated in large number of population and varieties to
reveal its use as a potential marker in marker-assisted selection of gynoecious lines

of bitter gourd
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ANNEXURE I

List of laboratory equipments used for the study

Refrigerated centrifuge

Horizontal Refrigerated centrifuge

Thermal cycler

Gel documentation system

Micropipettes

Spectrophotometer

Kubota 6500, Japan , Eppendorf

BIO-RAD, USA

: Sure Cycler 8800 (Agilent Technology), Veriti

thermal cycler (Applied Biosystems, USA) and
ProFlex PCR system (Applied Biosystems,

USA)

: Gel Doc™ XR* (BIORAD)

- Eppendorf

NanoDrop® ND-1000



ANNEXURE II

Reagents required for DNA isolation

1.2X CTAB extraction buffer (100ml)

CTAB : 2g
Tris base : 121 g
EDTA : 0.745 g
NaCl : 8.18 ¢
PVP : 1.0g

(Adjusted the pH to 8 and made up final volume to 100 ml)

2.10 per cent CTAB solution

3. Chloroform- Isoamyl alcohol (24:1v/v)

To chloroform (24 parts), isoamyl alcohol (1 part) was added and mixed

thoroughly.
4. Chilled isopropanol

Isopropanol was stored in refrigerator at 0°C and used for the study.
5. Ethanol (70 %)

To 70 parts of absolute ethanol (100 %), 30 parts of sterile distilled water

was added to make 70 per cent ethanol.
6. TE buffer (pH 8, 100ml)

Tris HCI (10 mM)  :0.1576 g
EDTA (1 mM) :0.0372¢g

(The solution was prepared, autoclaved and stored at room temperature)



ANNEXURE III

Composition of buffers and dyes used for gel electrophoresis

a. TAE buffer (50X) (for 1 L)

Tris Acetic Acid 242 ¢
Glacial Acetic Acid 57.1 mL
100 mL
0.5 M EDTA (pH 8)

(final volume madeupto 1 L)

b. Loading dye (6X)

0.25 per cent bromophenol blue

0.25 per cent xylene cyanol 30 per cent glycerol in water

c. Ethidium Bromide

The dye was prepared as a stock solution of 10 mg/ml in water and was

stored at room temperature in dark bottle.



ANNEXURE IV
Reagents in the gel elution and purification kit (QIAquick)

e Buffer QG (solubilization buffer) with pH indicator (yellow
colour)

e Buffer PE (96-100% ethanol added)

Elution Buffer

(All the contents of the kit needs to be stored in 15-25°C)
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ABSTRACT

Bitter gourd (Momordica charantia L.) is an important vegetable of tropics and
sub-tropics of Asia belonging to Cucurbitaceae family. The immature fruits of bitter
gourd are valued for its culinary and medicinal importance. Having highest amount of
ascorbic acid and iron content, it is considered to be the most nutritive among all the
cucurbitaceous vegetables. Heterosis is well exploited in bitter gourdfor early
maturity, increased yield and other agronomic traits through development of hybrids.
However, the production of hybrids is labour-intensive involving manual bagging and

hand pollination, thereby increasing the cost of seed production.

The predominant sex form of bitter gourd is monoecious which bears separate
male and female flowers on the same plant. However, gynoecious type bearing only
female flowers were also reported in few locations of India, Japan and China. These
gynoecious bitter gourd lines can be exploited as female parent to make hybrid seed
production economical and easier, as it eliminates the need for emasculation and
assisted pollination. It also aids in maintaining the genetic purity of hybrids and helps

in harnessing the benefit of hybrid vigour including early maturity and high yield.

Usually, the sex expression in cucurbits is highly influenced by environment
and hormones, which makes the early phenotypic identification of gynoecy
challenging. Identification of molecular markers tightly linked to gynoecy trait would

ease the identification of gynoecious line in breeding programmes.

In this study, 20 putative candidate genes governing sex expression were
selected from different literatures and the gene sequences were retrieved from bitter
gourd and cucumber genome assembly in NCBI GenBank database. Four ethylene
biosynthesis genes (ACOI, ACS2, ACS3. ACS4 and ACS7), three MADS-box
transcription factor encoding genes (4G6, MADS-boxTF23 and McAG2), one auxin
related gene (CsARFS5) and 12 WRKY transcription factor encoding genes comprise the
list. A total of 20 gene-specific primer sets were designed from the selected regionof
each of the 20 genes. Genomic DNA was isolated from monoecious genotype, MC-136

and gynoecious, KAUMCGy-101. Efforts were made to amplify all the 20



genes, however, only seven gene-specific primer sets designed from bitter gourd
produced PCR amplification. The amplicons of expected product size from both the

samples were sequenced.

Sequence variation analysis was done by comparing the monoecious and
gynoecious sequences generated to the reference sequence (monoecious) available in
NCBI database for bitter gourd. Six valid variations including three SNPs and three
In/Dels were found in AG6 and McAG2. All the variations except SNP1 of AG6 were

present in non-coding regions.

In/Del of 48 bp ([TC]24) in AG6 gene caused a significant difference in the
number of ‘TC’ repeats in the sequences which was used for the development of SSR
marker. The marker showed clear polymorphism between monoecious and gynoecious
genotypes used. It was further validated in three other monoecious lines namely, Priya,
Priyanka and the wild type M. charantia var. muricata. Expected banding pattern
showing polymorphism for gynoecious line was obtained for all the three monoecious

lines screened.

Thus, the study identified two potential candidate genes, AG6 and McAG2 for
sex expression in bitter gourd. The SSR marker developed needs to be validated in large
number of population and more number of varieties to confirm its use as a reliable

polymorphic marker in marker-assisted selection of gynoecious lines of bitter gourd.



