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1. INTRODUCTION

Black pepper (Piper nigrum L.), the ‘King of spices’ or ‘Black gold’ is among
the important and earliest known spices produced and exported from India. The
Western Ghats in South India with its dense, evergreen forests is the original home of
black pepper. Black pepper belongs to the botanical family Piperaceae, which is a large
pantropical family of subclass dicotyledonae and order Piperales (Cronquist, 1978).

It is predicted that global demand for pepper will increase to about 280,000 t
by 2020 and that the demand will further increase to 360,000 t by 2050 (Nair, 2011).
Although India is top among the producers in acreage and production, its productivity
is very low compared to other countries. India exported 21,450 t of pepper valued at
Rs 1,200 crore in 2014-15. Indian black pepper production had dropped to 37,000 t in
2014 before rising to 65,000 t in the current year. Brazil and Sri Lanka have increased
their output in the last three years, which puts India in danger of losing its current third
position behind Vietnam and Indonesia (Krishnakumar, 2015).

Flowering is one of the important processes which determines yield. In model
plants such as Arabidopsis and Antirrhinum, several genes regulating flowering have
been uncovered with complete knowledge of their interactions and functions. These
genes are found to be highly conserved among several species of monocot and dicot

plants.

Most of the previous work on flowering in Piper nigrum has been confined to
floral morphology and floral development. However, none of these studies have
tracked the molecular and genetic basis of the development of the flowers from floral

initiation to organ differentiation and development in black pepper.

A study of the molecular and genetic processes of flower initiation to floral

organ development and its interaction with environmental parameters may prove useful



for improving and predicting the yield of black pepper. It gains added importance in
view of the emerging scenario of global warming and climate change. To understand
the flowering process it is essential to isolate and characterize the genes involved in
flowering and to relate their expression to actual morphological development in plants.
This could in turn lead to the development of a flowering model which could help to

predict the time of flowering and the yield more accurately.

The alteration of flowering character by transfer of specific genes regulating
flowering, or by over-expression or suppression of such genes through
biotechnological methods has been found successful in many plants (Giovannini,
2006). Determination of the molecular pathways leading to formation of flowers in
black pepper can provide knowledge on how to manipulate flowering behavior of the
plant. This can aid in developing strategies to increase the number of flowers in the
plant which in turn produces more number of berries and also to produce superior

varieties of black pepper with increased productivity.

Isolating and studying flowering time genes and floral integrator genes, in turn,
can help to produce spikes at any environmental conditions and control the flowering
time as desired. Among the flowering time and floral integrator genes, SUPPRESSOR
OF OVEREXPRESSION OF CONSTANS! (SOCI) has been identified as an important
gene in several plants. With this in mind, the present study was carried out to isolate
and characterize the flowering time gene SOC/ from black pepper with the following

specific aims:

e Design degenerate primers for the isolation of SOC/ gene in black
pepper

e Targeted isolation and sequencing of SOCI gene from black pepper
variety Karimunda using the designed primers through PCR and RT-PCR



e Sequence analysis of the gene and characterization of expression
patterns of the isolated gene through qRT-PCR/RT-PCR in different tissues
and at different stages of floral development

e Track floral development in black pepper through histological studies



REVIEW OF LITERATURE



2. REVIEW OF LITERATURE

Black pepper, the “King of spices’ or ‘Black gold” is one among the important
and earliest known spices produced and exported from India. The Western Ghats in
South India, with its dense evergreen forests, is the original home of black pepper.
Black pepper belongs to the botanical family Piperaceae, which is a large pantropical
family of subclass dicotyledonae and order piperales (Cronquist, 1978). The family
name, Piperaceae is comes from the Latin word piper for pepper. European names for
pepper were obtained from the Sanskrit name pippali, and the plant was in use as long
as 3,000 years ago in India (Nelson and Cannon-Eger, 2001). Piperaceae shares close
features to the monocotyledonous boundary (Metcalfe and Chalk, 1950) which make
their entry into ‘paleoherbs’- an assemblage of dicots resembling monocot (Donoghue
and Doyle, 1989). The family is represented by over 10 genera (Cronquist, 1981) with
piper (Linn.) and peperomia (Ruiz and Pav.) being the major ones, each with a
minimum of 1200 spp. (Callejus, 2001). American tropics have the greatest diversity
of the genus piper (700 spp.), followed by south Asia (300 spp.) which is home to the
economically important species, Piper nigrum L. (black pepper) and Piper betle L.
(betel leaf) (Jaramillo and Manos, 2001). The Western Ghats and North-Eastern parts
of India are hotspots of diversity of the genus piper in India, accommodating about 110
spp. (Purseglove et al., 1981; Parthasarathy et al., 2006).

More than 40 varieties of black pepper are grown worldwide of which most of
the varieties were developed from India. Some of the varieties from India are Panniyur,
Karimunda, Lampng, Bangka and Belontoeng. The varieties differ in berry attributes
(size, color, etc.), leaf size, raceme length, resistance to pest and disease, seed quality
and yield. Varieties differentially respond to climatic conditions, such as wet weather

conditions or dry periods (Nelson and Cannon-Eger, 2001).



Black pepper is mostly dioecious in the wild form undergoing cross pollination
(Krishnamurthy, 1969), whereas, cultivated types are gynomonoecious (bearing female
and bisexual flowers in the same plant) or trimonoecious (bearing female, male and
bisexual flowers in the same plant), and are fertilized by self-pollination (Nair et al.,
1993; George et al., 2005; Thangaselvabai et al., 2008). The genus Piper generally
bears the terminal solitary type of inflorescence. Though rare, umbellate inflorescences

have been reported in Macropiper and Pothomorphe (Jaramillo and Manos, 2011).
2.1 GENERAL MORPHOLOGY OF BLACK PEPPER PLANT

Black pepper is a perennial climber and it climbs on support trees with aerial
clinging roots. The climber produces two types of branches, viz., orthotropic branches
(main stems) and plagiotropic branches (fruiting stems). The orthotropic branches are
straight, upward growing with monopodial growth habit. The nodes are swollen with
10-15 short adventitious roots and a leaf per each node. At the axil of each leaf of the
orthotropic branches lies an axillary bud which develops into a plagiotropic branch.
The plagiotropic branches are without aerial roots, grow laterally with sympodial
growth habit and produce flowers and fruits. As the shoot grows, the terminal bud gets
modified into a spike and the growth is continued by the axillary bud (Ravindran et al.,
2000).

The plant has broad, shiny green, pointed, petiolate leaves alternately arranged
on the stem. The inflorescence is catkin (spike), 7-10 ecm long, clustered with small
sessile flowers. Between 50 to 150 whitish to yellow-green flowers are produced on a
spike. The berry-like fruit is a drupe, each containing a single seed, and when dried, it
is called a peppercorn (Chaveerach er al., 2006).

2.2 INFLORESCENCE AND FLOWER DEVELOPMENT IN BLACK PEPPER



The early available knowledge on inflorescence and flower development was
based on the studies by Tucker (1982) in three piper spp. viz., Piper aduncum, Piper
amalgo and Piper marginatum, and the process of flower development is believed to

be conserved in all other species as well (Ravindran et al., 2000).

According to the observations by Tucker (1982), at the early stage, Piper
inflorescence is in the form of a convex apical meristem, surrounded by a vegetative
leaf and a bract. The apical meristem is zonate consisting of two tunica layers, a central
initial zone, a peripheral zone and a large pith rib meristem. The apical meristem of the
inflorescence extensively grows in length before formation of any organs and as it
grows in length the apical meristem diminishes. The bracts are initiated closer towards
the apex by a periclinal division in the second tunica layer on the flanks of apical
meristem. The floral development takes place in the axil of the bract. The cells in the
axils are meristematic and the cells located in the outer layer divide anticlinically. The
next two layers undergo very intensive cell divisions, by means of periclinal divisions
before the formation of protuberance. The Cells in the outer two layers elongate
anticlinically making the protuberance. This enlarges further and differentiates into a
flower bud. As the primordium (protuberance) mentioned above grows, stamens are
initiated from the two lateral sites. The carpels are initiated by means of periclinal
divisions in the sub surface layer situated on the side of the small floral apex. Ovule
initiation begins by a periclinal division in the second tunica layer situated at the centre

of the floral apex (Bernier er al.,, 1993; Bemier et al., 1998).

Floral bud differentiation studies in black pepper was done by Nalini (1983). It
involved the microscopy study on vegetative and flowering bud and showed leaf
sheath, leaf primordium, shoot primordium and spike primordium. The timing and
process of transition from vegetative growth to flowering is really significant in the
field of agriculture and plant breeding because flowering is the initial step of sexual

reproduction. The transition from vegetative to reproductive phase is being studied by



countless physiologists and has resulted in accumulation of considerable amount of

scientific information on flowering of different plant species.

Three major theories have been put forth to explain the transition to flowering.
The “florigen/antiflorigen” concept by Lang (1984) proposes that flowering is
controlled by floral promoter which is a universal hormone known as florigen. Sachs
and Hackett (1983) have postulated in the “nutrient diversion” hypothesis that the floral
induction mainly depends upon the source/sink relationships which is the partitioning
of assimilates such that critical areas of the shoot apical meristem (SAM) viz., the
relatively quiescent central zones receive high concentrations of assimilates under
inductive conditions. Finally, the most promising theory, “multifactorial control” was
postulated. It assumes that several chemical assimilates, phytohormones, genetic
variation and also the past and present growing conditions participate in floral
induction. Studies conducted in Sinapsis alba and Arabidopsis proved that the control
of floral transition is multigenic and multifactorial (Bernier ef al., 1993). Hence it can
be concluded that the transition of vegetative to reproductive phase is regulated by a
complex network of signal pathways and genetic network, which monitors the
developmental state of the plant and also environmental factors such as light and

temperature (Simpson ef al, 1999; Giovannini, 2006).
2.3 MOLECULAR CONTROL OF FLOWERING

The uncovering of genetic pathways leading to spike formation can be a boon
in crop improvement programmes, producing more number of spikes per plant. This
could be possible initially by identifying the genes associated with flowering i.e. floral
initiation genes, floral meristem identity genes, organ identity genes and cadastral
genes and by applying the molecular studies in determining these genes and their

regulation which could be modified to manipulate flowering.



Here, the information on flowering genes, especially ‘flowering-time’ gene
SUPPRESSOR OF OVEREXPRESSION OF COl (SOCI1)/AGAMOUS LIKE 20
(AGL20) and the genetic pathways regulating them in some important plants like
Arabidopsis thaliana, Antirrhinum, and the molecular techniques associated with

identifying these genes are presented.

The molecular mechanisms behind the transition of vegetative shoot apical
meristems (SAMs) to inflorescence meristems (IMs) in Arabidopsis have been
extensively studied. This transition is caused by complex pathways which regulates
flowering with response to environmental and developmental signals (Blazquez ef al.,
2003; Boss et al., 2004; Mouradov et al., 2002; Simpson and Dean, 2002).

The autonomous pathway controls and regulates the flowering in plants by
responding to endogenous cues from various developmental stages but the flowering
in short — day conditions are influenced by the Gibberellin pathway. The responses to
environmental signals such as day length and cold temperature is mediated by
photoperiod and vernalization pathways. Other genetic pathways which respond to
changes in light quality and temperature which affect flowering process have also been
proposed. The signals of these pathways converge on the transcriptional regulation of
major floral pathway integrators, 7' and SOC! and these in turn activate the FM
identity genes such as LFY and AP/ to produce FMs on the flanks of IMs (Blazquez
and Weigel, 2000; Kardailsky et al., 1999; Kobayashi et al., 1999; Lee et al., 2000;
Lee et al., 2008; Liu et al., 2008; Samach et al., 2000). Some of the genetic models
have proposed that signals from multiple promotion pathways converge on a central
floral repressor (Chen et al, 1997; Koornneef et al, 1998) encoded by the
EMBRYONIC FLOWER genes (Sung et al., 1992; Yang et al., 1995). The inactivation
of the floral repressor in turn may lead to the activation of the floral meristem identity
genes like LEAFY (LFY) or APETALA 1 (AP1), which specify the floral fate of the
nascent lateral primordia which is produced by the SAM. An alternate possibility is



that the different promotion pathways are directly integrated at promoter levels of the
floral meristem identity genes such as LFY and a class of ‘flowering-time” genes that

act in parallel with LFY (Schultz et al., 1991; Huala ef al., 1992; Weigel et al., 1992).

The multiple genetic pathways that promote the floral transition are integrated
at the transcriptional regulation of the floral meristem identity genes and the
‘flowering-time’ genes such as FT and SOCI. There may be extensive crosstalk
between the pathways and integrating genes (Swarup ef al, 1999). The flowering
integration gene SOC/ and LFY promote the integration of flower induced signals by
the FT gene from the photoperiod, autonomous and vernalization pathways which in

turn promotes Arabidopsis flowering (Xu Feng et al., 2012).
2.3.1 Role of Floral Integrator SOCI

SOCI functions by encoding a MADS-box transcription factor and also as an
integrator of the day length, the gibberellic acid and the vernalization pathways. Unlike
FT, SOCI is highly expressed in IMs. Therefore SOC/ can contribute to the spatial
specificity of FM initiation, during which a small mass of cells on the IM flank
progenitor fate for a future FM (Bossinger and Smyth, 1996; Lee et al., 2000; Samach
et al., 2000).

Four MADS-box genes in Arabidopsis such as SOCI, SHORT VEGETATIVE
PHASE (SVP), SEPALLATA 4 and AGAMOUS-LIKE 24 (AGL24), act directly and
redundantly in order to suppress TERMINAL FLOWERI (TFLI1) in emerging floral
meristems. This is most necessary for the important function of AP/ in specifying floral

meristems and is coupled with a conformational change of chromosome looping at the
TFLI locus. (Liu et al., 2013)
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SOCI, SVP, and AGL24 have a role in regulating the floral meristem
differentiation in Arabidopsis through suppressing a class E floral organ identity gene,
SEPALLATA 3 (SEP3) (Liu et al., 2009).

A recent study has revealed that a set of MADS-box transcription factors,
namely SOCI, SVP, AGL24, and SEP4, act redundantly and directly to suppress 7FLI
in emerging floral meristems. In socl-2 agl24-3 svp-41 sep4-1 quadruple loss-of-
function mutant, the main inflorescence meristem continuously generates secondary
and tertiary branch shoots, which results in a massive inflorescence branching
phenotype. Although AP/ and LFY are normally expressed in the branch meristems in
the mutant, they are not able to suppress the persistent expression of 7FLI, which
ultimately confers shoot identity rather than floral identity on branch meristems. These
observations indicate that SVP, SOCI, AGL24, or SEP4 are very important for the
function of AP/ and LFY in repressing 7FLI (Liu et al., 2009).

SVP, SOCI, and AGL24 were identified as important flowering time genes that
regulate the floral transition in Arabidopsis. Both SOC! and AGL24 respond to multiple
flowering genetic signals and interact with each other to promote flowering (Liu et al.,
2009).

The integration of the flowering signals is strictly controlled by a repressor
complex that consists of two MADS-box transcription factors called FLC and SVP
(Hartmann et al., 2000; Li ef al., 2008; Michaels and Amasino, 1999; Sheldon er al.,
1999).

Michaels (2009) proposed that the modulation of the chromatin structure results
in repression of FLC by the vernalization and autonomous pathways, which promote
flowering by reducing the repressive effect of FLC on SOCI and FT expression
(Helliwell et al., 2006; Searle et al., 2006).
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The FT expression in leaves is repressed by FLC which in turn blocks the
translocation of the systemic flowering signals containing FT protein to the SAMs, a
process that is mainly required for the activation of SOCI and AP (Abe et al., 2005;
Corbesier et al., 2007; Searle et al., 2006; Wigge et al., 2005). FLC also directly
represses the expression of SOC/ and FT cofactor FD in SAM (Searle er al., 2006),
which further inhibits the meristem response to the flowering signals.

In the vegetative seedlings, the FLC-SVP complex responds to flowering
signals which are perceived by the autonomous, the thermosensory and GA pathways
(Hartmann et al., 2000; Lee et al., 2007; Li et al., 2008). Their mutually dependent
function is directly responsible for the regulation of SOC! expression in whole
seedlings, as well as FT expression in leaves. Therefore, most flowering pathways
(with the exception of the photoperiod pathway) promote F7 and SOC/ mainly through

de-repression mechanisms.
2.3.1.1 Functions of SOCI

SOC1, which encode a MADS box transcription factor, is responsible for
integrating multiple flowering signals received from photoperiod, temperature,
hormone, and age-related signals. SOC! is controlled by two flowering regulators
called CONSTANS (CO) and FLC, which functions as floral activator and repressor
respectively. SOC/ is activated by CO mainly through FT but FLC represses SOC]
directly by binding to the promoter. At the shoot apex, SOCI along with 4AGL24
directly activates LFY, a floral meristem identity gene. AP/ which is activated mainly
by FT, is also an important factor responsible for establishing flower meristem identity.
When LFY and AP are established, floral development occurs at the shoot apical
meristem according to the ABC model. 4P/ activates the A function during early
flower development and represses flowering time genes, SOCI, AGL24, and SVP

respectively in order to prevent floral reversion. During late flowering, such repression
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is necessary to activate SEP3 which is also a coactivator of B and C function genes
with LFY. SEP3 is suppressed by SOCI, AGL24, and SVP. Therefore, SOC! is
necessary to prevent premature differentiation of the floral meristem (Jungeun Lee and

Ilha Lee., 2010).

The SOCT gene is a member of the MADS box TF family and its expression is
regulated by the day length and vernalization pathways (Hepworth er al., 2002). The
expression of SOC! is up-regulated under long-day (LD) conditions by CO, in the
presence of the FT protein (Samach et al., 2000; Yoo et al., 2005). SOCI also integrates
the GA-mediated flowering-time signal (Moon et al., 2003).

Dorca-Fornell et al. ( 2011) said that a recently done study has shown that the
Arabidopsis SOC/ clade members like AGL42, AGL71, and AGL72 contribute to the
GA-mediated transition to flowering. However, SOC appears to be a major player in

flowering response.

FLC have a major role in the vernalization pathway, this MADS domain TF is
responsible for repressing the expression of SOC! by binding to the SOCI promoter
region (Hepworth ef al., 2002; Deng et al., 2011). FLC also interacts with the MADS
domain protein SVFP, which acts as a floral repressor and binds SOC/ regulatory
sequences as well (Hartmann et al., 2000; Li er al., 2008; Tao et al., 2012). These floral
repressors are also influenced by AGL24, which acts as a direct inducer of SOC/ and
flowering (Michaels et al., 2003).

Wang et al. (2009) proposed that SOCI is also controlled by an age-dependent
mechanism involving SQUAMOSA-BINDING FACTOR-LIKE9 and microRNA156.
In addition, the SOCI mRNA levels appear to be regulated via post-transcriptional
changes by the RNA binding protein EARLY FLOWERING9 (ELF9), which is
supposed to target SOC/ transcripts for nonsense-mediated mRNA decay (Song et al.,
2009).
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Wang et al. (2010) proposed that the SOCI activity is also regulated at the
protein level by a PINI-type parvulin, which is involved in cis/trans-isomerization of
phosphorylated Ser/Thr-Pro motifs. Jointly, these complexes undergo regulatory
mechanisms which ensure that SOC1 reaches its threshold value for triggering the floral
transition at the right time during plant development and under environmental

conditions that are favorable for reproduction.

Seung et al. (2005) said that in Arabidopsis (Arabidopsis thaliana) two floral
integrators, F7'and SOC/, are positively regulated by CO. FT and SOCI act in parallel
pathways downstream of CO based on a genetic analysis using weak /7 alleles, since f
socl double mutants showed an additive effect in suppressing the early flowering of

CO overexpressor plants.
2.3.2 SOCI Expression in Annuals and Perennials

OsMADSS50, which functions as a positive regulator for flowering in rice is
highly homologous to Arabidopsis SOC! (Choong et al., 2009). Million Tadege et al.
(2003) isolated a SOCI homologue called OsSOC! from rice. The OsSOC! gene was
isolated and used for screening the FLC-like genes and was found to have structural
similarity to SOC/ with seven exons and a high sequence homology. Constitutive
expression of OsSOC! has complemented the Arabidopsis soc/ mutation and it
resulted in early flowering in the wild type, which further indicate conserved
functionality (Andersen et al., 2004).

Alter et al. (2016) discovered new key players of the flowering network in
maize by analyzing the leaf transcriptomes of four lines that exhibit strong differences
in flowering transition and it was found that there were strong differences among the
regulated genes. Thus it was assumed that the regulation of flowering time (FTi) is a
complex process in maize. It was observed that the genes encoding MADS box

transcriptional regulators were up-regulated in leaves during the meristem transition.
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Alter et al. (2016) selected ZmMADS| for functional studies, as it represents a
functional ortholog of the central F77 integrator SOC1 of Arabidopsis. It was observed
that the RNA interference mediated down regulation of ZmMADS! gene resulted in a
delay of FTi in maize. Also, the strong overexpression of ZmMADSI caused an early-
flowering phenotype, pointing out its role as a flowering activator. ZmMADSI
functions as a positive F7i regulator that shares an evolutionarily conserved function
with SOCI which may serve as an ideal starting point to study the integration and

variation of F7i pathways also in maize (Alter ef al., 2016).

Voogd et al. (2015) studied the mechanism behind the regulation of dormancy
and flowering in kiwifruit, SOC/-like genes from kiwifruit were identified and
characterized. It was observed that the ectopic expression of 4¢SOCle, AcSOCIi, and
AcSOCIf in Actinidia chinensis did not have any role in the establishment of winter
dormancy and as a result failed to induce precocious flowering, but it was observed
that 4cSOCIi decreased the duration of dormancy in the absence of winter chilling.
These findings helped to understand in detail about the SOC/-like gene family and the
potential diversification of SOCI function in woody perennials.

Wang et al. (2014) isolated six flowering genes PrSOCI, PdSOCI, PsSOCI,
PsSOCI-1, PsSOCI-2, and PsSOCI-3 from peony tree species namely Paeonia rockii,
Paeonia delavayi, and Paeonia suffruticosa respectively. Sequence comparison
analyses showed 99.41 % nucleotide identity which indicated that these six genes were
highly conserved. PsSOC’s expression patterns in flower buds and vegetative organs
were studied in detail and the results indicated that PsSOC! could be expressed both
in vegetative and reproductive organs. While the expression of PsSOC! in different
developmental stages of buds was different, it was observed that high expression levels

of PsSOC! occurred in the bud at the bud sprouting stage.
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Zhang et al. (2015) cloned two MADS-box genes GhSOCI and GhMADS42
from upland cotton CCRI36 (Gossypium hirsutum L.) and transformed it into
Arabidopsis. In addition upland cotton plants were transformed with GASOCI gene.
Sequence conservation between GhASOCI and GhMADS42 was observed during the
comparative analysis. Tissue-specific expression analysis of GhSOCI and GhMADS42
was done and the results revealed spatiotemporal expression patterns involving high
transcript levels in leaves, shoot and apical buds. It was also revealed that
spatiotemporal overexpression of GhSOCI and GhMADS42 in Arabidopsis accelerated
flowering, with GhMADS42 transgenic plants showing abnormal floral organ
phenotypes.

Cseke et al. (2003) identified a vascular tissue-specific MADS-box gene,
Populus tremuloides MADS-box 5 (PTMS5) which is expressed in differentiating
primary and secondary xylem and phloem. Phylogenetic analysis revealed that PTMS5
is a member of the SOC1/TM3 class of MADS-box genes. These results led to the
conclusion that the expression of PTMS5 with other vascular developmental genes may
play a major role in the complex events that lead to the formation of the woody plant
body.

In order to understand the molecular basis of flowering regulation in soybean,
Xiaofan er al. (2013) isolated GmSOCI and GmSOCI-like, two putative soybean
orthologs for the Arabidopsis SOCI/AGL20. Expression studies of the isolated
GmSOC1-like was done by means of qRT-PCR in Zigongdong-dou, a photoperiod-
sensitive soybean cultivar. It was revealed that GmSOCI-like was expressed at
different levels in most organs of the soybean. However, the highest expression was

seen in the shoot apex during the early stage of floral transition.

The Vitis vinifera L. flowering genes VvFT and VwMADSS from the grapevine

cultivar ‘Cabernet Sauvignon’ have been isolated by Sreekantan and Thomas (2006).



16

The isolated Sequences of VvFT and VvMADSS were highly homologous to the floral
integrators, /'7"and SOCI, respectively, from Arabidopsis. The expression studies done
by means of real-time PCR revealed that expression of VvFT was low in axillary buds
and high in developing inflorescence and berries. It was also observed that the
VvMADSS8 was highly expressed in the axillary buds at the time when inflorescence
primordia were being initiated in these buds suggesting that FwMADSS is a gene

involved in the early stages of inflorescence development.
2.4 IDENTIFICATION OF CANDIDATE GENE

An unknown sequence related to known sequence can be isolated in order to
investigate the biological function. Genes that are unknown in one organism but are
homologous to the sequences of known genes from different organisms can be isolated
by PCR methods (Rose et al., 1998).

Degenerate primers which are designed from the conserved motifs of resistant
genes have been found to be successful for isolating resistance genes in plants (Aarts
et al., 1998; Shen et al., 1998). Deng and Davis (2001) identified the gene associated
with the color of strawberry using degenerate primers made from the conserved regions

of genomic DNA, ¢cDNA and protein sequences of the candidate genes.

Candidate gene approach using degenerate primers could be advantageous in
exploring the presence of flowering genes as many of these genes have been found to
be conserved in plant species (Ambrose er al., 2000; Ma and dePamphilis, 2000; Ng
and Yanofsky, 2001; Benlloch er al., 2007).

2.4.1 DNA Isolation

Numerous DNA extraction methods in plants have been reported, but none with

universality (Varma et al., 2007). This could be primarily due to the variations in the
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composition of the primary and secondary metabolites among the plants or even among
the different tissues of the same plant, which makes the isolation process to be adjusted
as plant specific or tissue specific (Sangwan et al., 1998; Dhanya and Sasikumar,
2010).

DNA extraction is difficult in the plants rich in polyphenols and
polysaccharides, which interfere in the isolation process as they bind to the nucleic
acids during DNA isolation (Puchooa and Khoyratty, 2004; Mishra er al., 2008).
Browning of the DNA is caused by polyphenol oxidation and co-precipitation (Varma
et al., 2007; Mishra et al., 2008). Loading of the DNA becomes difficult due to the
presence of polysaccharides which make it viscous (Sharma ef al., 2000; Sablok et al.,
2009). Several biological enzymes like ligases, polymerases and restriction
endonucleases have been reported to be interfered by these metabolites (Prittila ez al.,
2001; Diadema et al., 2003; Karaca et al., 2005; Varma et al., 2007; Moyo et al.,
2008; Singh and Kumar, 2010; Sahu er al., 2012).

During DNA extraction increasing the concentrations of NaCl and CTAB can
effectively remove the polysaccharides (Syamkumar et al., 2005; Sahu et al., 2012).
Adding high concentrations of PVP and B-mercaptoethanol is helpful to remove
tannins and other polyphenolics from the tissues (Warude et al., 2003).

2.4.2 RNA Isolation

RNA isolation requires special care and precautions as it is highly susceptible
to degradation (Kojima and Ozawa, 2002; Buckingham and Flaws, 2007). The biggest
problem encountered in RNA extraction usually originates from the initial sampling

and extraction protocols, and from handling (MacRae, 2007).

Isolation of high quality RNA is difficult from tissues containing high amounts
of polyphenols, polysaccharides and other secondary metabolites (Azevedo et al.,
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2003; Mattheus er al., 2003; Sharma et al., 2003). These contaminants tend to co-
precipitate with the RNA in the presence of alcohol, leading to erroneous estimations
of RNA quantity, and interfere with reverse transcription and PCR (Koonjul et al.,
1999; Salzman et al., 1999; Singh et al., 2003).

RNase enzymes are heat-stable and refold following heat denaturation. They
are difficult to get inactivated as they do not require cofactors. Strong denaturant agents
have always been used in intact RNA isolation to inhibit endogenous RNases. The
most common isolation methods are of two classes, viz., utilizing guanidinium

thiocyanate and utilizing phenol and SDS (Doyle, 1996).

A guanidinium based salt is a strong protein denaturant and RNase inhibitor.
Therefore, it is often an ingredient of choice in most of the RNA isolation systems.
However, in some studies, the presence of secondary metabolites has been found to
interfere with extraction of RNA when extracted with guanidinium salts (Bugos ef al.,
1995; Ding et al., 2008; Wang et al., 2008; Ghawana ef al., 2011).

Natalia Kolosovo et al. (2004) reported that cDNA library construction and
RNA microarray analysis are difficult procedures due to RNA degradation and RNA
contamination with secondary metabolites or polysaccharides (e.g., polyphenolics and
oleoresin terpenoids) as they inhibit reverse transcription. All solutions except Tris
buffer were treated with 0.1% diethylpyrocarbonate (DEPC) and autoclaved. 0.1%
DEPC-treated water was used for preparation of Tris buffers.

Several existing methods deal with a number of problems while isolating RNA
from conifers. A widely used method described by Chang er al. (2009) as well as a
number of recent protocols for RNA isolation use preheated CTAB and extraction
buffers with high concentrations of NaCl to remove high levels of proteins and

polysaccharides (Natalia Kolosovo et al., 2004).
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2.4.3 RT-PCR (Reverse Transcription — Polymerase Chain Reaction)

RNA cannot serve as a template for PCR, so the first step in an RT-PCR assay
is the reverse transcription of the RNA template into cDNA, which is followed by its
exponential amplification in a PCR reaction. The complete RT-PCR process takes
place by using RNA and DNA-dependent DNA polymerases, either in separate or in
single reactions. Separation of the RT and PCR steps has the advantage of generating
a stable cDNA pool which can be stored indefinitely. Alternatively, a single polymerase
able to function both as an RNA and DNA-dependent DNA polymerase such as
Thermus thermophilus (Tth) polymerase can be used in a ‘one-enzyme/one-tube’
reaction to minimize the risk of contamination (Myers and Gelfand, 1991; Bustin,
2000). The assay with Tth polymerase uses bicine buffers containing Mn?* ions that
are compatible with both RT and subsequent PCR (Chiocchia and Smith, 1997).

RT-PCR is a complex assay where all the chemical and physical components
of the reaction are interdependent. They must be considered carefully when optimizing
the specificity, sensitivity, reproducibility or fidelity of the reaction (Bustin, 2000). The
secondary structures formed by RNA transcripts also affect the ability of the reverse
transcriptase enzyme to generate cDNA (Buell er al., 1978).

The two commonly used RT enzymes are Moloney murine leukemia virus
reverse transcriptase (MMLV-RT) and avian myeloblastosis virus reverse transcriptase
(AMV-RT). AMV-RT is more robust than MMLV-RT and retains significant
polymerization activity up to 55°C and can help eliminate problems associated with
RNA secondary structure (Brooks et al., 1995; Freeman er al., 1996). In contrast,
MMLV-RT has significantly less RNAse H activity than AMV-RT (Gerard et al.,
1997) which makes it a better choice for the amplification of full-length ¢cDNA
molecules (Bustin, 2000).
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Specific primers, random hexamers or oligo-dT primers can be used for the RT
step. Background priming is decreased by the use of mRNA-specific primers, whereas
the use of random and oligo-dT primers maximizes the number of mRNA molecules
which can be analyzed from a small sample of RNA (Zhang and Byrne, 1999). cDNA
synthesis using oligo-dT is more specific to mRNA than random priming because it
will not transcribe rRNA. However, since oligo-dT priming requires very high-quality
RNA that is of full length, it is not a good choice for transcribing RNA that is likely to
be fragmented (Bustin and Nolan, 2004).



MATERIALS AND METHODS
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3. MATERIALS AND METHODS

The study entitled “Identification and characterization of Suppressor of
Overexpression of Constans! (SOCI) gene in black pepper (Piper nigrum L.)”, was
conducted at the Integrated Biotechnology Block, College of Agriculture, Vellayani,
Thiruvananthapuram during 2015-2016. This chapter discusses about the experimental

materials used and the methodology followed for various experiments.
3.1 PLANT SAMPLE COLLECTION

Black pepper samples of variety Karimunda (spikes, leaves and roots) were
collected from the Instructional Farm, College of Agriculture, Vellayani. Samples at
different developmental stages, viz., young leaf, mature leaf, runner bud, stage 1 spikes
(immature spikes), stage 2 spikes (spikes with flowers), stage 3 spikes (spikes with
immature berries), stage 4 spikes (fully mature spikes with green berries) and tender
roots were collected. Each sample was labeled appropriately and then packed in a
polypropylene bag. The samples for RNA isolation were snap chilled in liquid nitrogen
and stored at -80°C (Panasonic MDF US55V-PE) for downstream analysis and the
samples for microscopy studies were fixed in freshly prepared FAA(Formaldehyde-

acetic acid-ethanol) and preserved in 70% ethanol for further processing.
3.2 ISOLATION OF SOCI GENE

For isolation of the SOC! gene from black pepper, degenerate primers were
designed based on the sequences of SOC! genes reported in several other plant species
obtained from NCBI database. These primers were analyzed for amplification by PCR
and RT-PCR in genomic DNA and mRNA respectively in Karimunda variety.

3.2.1 Degenerate Primer Designing
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Degenerate primers were designed for the flowering time gene SOCI/.
Nucleotide sequences of these genes (i.e. cDNA sequences) in different plant species
were retrieved from NCBI (National Centre for Biotechnology Information) GenBank
and downloaded in the FASTA format.

Nucleotide sequences of SOC!/ gene equivalents from Magnolia virginiana,
Oryza sativa, Brassica napus, Arabidopsis thaliana, Mangifera indica and Cajanus
cajan were selected for primer designing. The collection of FASTA sequences of each
gene was then subjected to sequence alignment using clustal Omega program. The best
conserved regions in the multiple alignments were identified and the primers were
designed according to the sequences of those conserved regions. A set of nested
primers were designed taking conserved regions within the forward and reverse
primers. In addition to the nested primers, an inner nested forward primer was designed

taking a conserved region within the nested primers.
3.2.1.1 Primer Analysis

The designed set of primers were checked for several parameters such as primer
length, length of the PCR product, low degeneracy and maximum specificity at the 3'
end, before their synthesis. The properties such as feasible annealing temperature, an
appropriate range of GC-content, potential hairpin formation and 3' complementarity

were analyzed by using Oligo Calc program (http:/simgene.com/OligoCalc). The

sequences of the resultant primers were given to ‘Sigma Aldrich’ for synthesis.

3.2.3 RNA Isolation

Five ml CTAB buffer was taken in a 15 ml oakridge tube and pre-warmed at
60-65°C in a water bath (ROTEK, India). Half gram of tissue was immersed in liquid
nitrogen in a prechilled mortar and pestle. While the liquid nitrogen was gradually

evaporating the tissues were ground into fine powder using the pestle.
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In a fume hood, 2% B- mercaptoethanol was added to the pre-warmed CTAB
buffer and mixed well. Using a pre-chilled spatula the powdered tissue was quickly
transferred to the oakridge tube containing CTAB buffer. The contents in the tube were
mixed thoroughly, incubated for 15 min and shaken vigorously by hand every 5 min.

To the contents in the oakridge tube, equal amount of chloroform: isoamyl
alcohol (24:1) was added. The contents were centrifuged (Hermle centrifuge) for 20
min at 12000 rpm in 4°C. After centrifugation a top aqueous layer was formed with
clear yellow color. Using a 1000 pl pipette this aqueous layer (supernatant) was
transferred to a fresh sterile 15 ml Oakridge tube. To this 1/3 volume of 8M LiCl

solution was added and kept for overnight incubation at 4°C.

The next day, the Oakridge tube was centrifuged at 12000 rpm, 4°C for 20 min.
The supernatant was carefully removed by slowly pouring it off into a clean beaker, or
by using a transfer pipette. The pellet at this stage was often difficult to see at the
bottom of the translucent Oakridge tubes. The pellet was suspended in 50ul RNAse
free distilled water.

The integrity of the total RNA was determined by running 5 pl aliquot of RNA
on agarose gel (1.5 %).

3.2.3.2 Spectrophotometric Analysis

The absorbance of the RNA sample was recorded to determine the quantity and
quality of RNA. AV-2701 UV-Visible Double Beam Spectrophotometer
(SYSTRONICS, INDIA) was used to measure the absorbance of the sample.
Spectrophotometer was first calibrated to blank (absorbance reading is zero) at 260 nm
and 280 nm wavelength with 2 ml TE buffer and absorbance of 2 ul RNA sample
dissolved in 2 ml of distilled water at respective wavelengths were recorded. Since an

absorbance value of 1.0 at 260 nm indicates a concentration of 40 ngul™ of RNA, the
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concentration of RNA present in an aliquot was estimated by employing the following

formula:
Concentration of RNA (ngul™) = A6 x 40 x dilution factor
(Where Aaeo 1s absorbance reading at 260 nm)
RNA purity was determined by the ratio of A2so and Aago.
3.2.3.3 Reverse Transcription - Polymerase Chain Reaction (RT-PCR)

RT-PCR is the most sensitive technique for mRNA detection and quantitation
among currently available techniques such as Northern blot analysis and RNase
protection assay. RT-PCR can be used to quantify mRNA levels from much smaller

samples.

RT-PCR was carried out using AMV RT-PCR Kit (Roche). RT-PCR was
essentially a two-step process. The first step involved the use of reverse transcriptase
to synthesize ¢cDNA from single stranded mRNA. The second step was the
amplification of cDNA by PCR. To avoid any RNase contamination, a sterile working
environment was maintained. All the materials used were pre-treated with 3%

hydrogen peroxide overnight and autoclaved twice.
3.2.3.3.1 Synthesis of cDNA Using AMV RT-PCR Kit

To a sterile RNase free micro-centrifuge tube, 1ul RNA and 1 pl oligo (dT) 15
primer was added, and made up the volume to 10 ul with nuclease free water. The tubes
were warmed at 70° C for 5 min and then kept on ice immediately to remove secondary
structures in RNA. The tubes were spun briefly and the components were added in the

order given below:
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RNase inhibitor : 1 pl
10 X Assay Buffer - 2ul
dNTP mix : 2 ul
AMYV — Reverse Transcriptase: 1 ul
MgCl, : 4 ul
Total Volume : 10 pl
Overall Total Volume : 20 pl

The contents were mixed well and incubated at 42 °C for 1 h. The tubes were
then incubated at 92 °C for 2 min and quickly placed in ice and spun briefly to denature
RNA-cDNA hybrids. The cDNA samples were stored at -20 °C (Lab-Line Low
Temperature Cabinet, India) until PCR amplification.

3.2.3.3.2 PCR Amplification of cDNA with Degenerate Primers

The cDNA samples were subjected to PCR with two degenerate primers among
the designed primers. The PCR mixture of the total volume of 20 ul was prepared using

2pul of e DNA as template. The components of the reaction mixture is given below.
Distilled Water : 12 pul
10x Taq buffer A i 2 ul

(Tris with 15mM MgCl,)
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dNTPS (2.5mM each) : I pl
Primer (10pM each)

Forward ; 1l
Reverse : 1 pl
Template cDNA (50ngul™”): 2 ul
Taq polymerase (1Uul") : 1 pl
Total volume : 20 pl

The PCR programme was set with initial denaturation temperature of 94 °C for 1 min,
followed by 30 cycles of denaturation at 94°C for 45 s, annealing at 53 °C for 45 s and
extension at 72 °C for 45 s. Final extension was set at 72 °C for 5 min. The PCR
products were separated on agarose gel (1.5 %) and the gel was observed using gel

documentation system.
3.2.3.3.3. Sequencing of the Amplicons Produced by Degenerate Primers

The amplicons produced by the degenerate primer pair were eluted from the
agarose gel and purified using HipurA™ PCR product and Gel purification combo kit.

The eluted product was given to Scigenom, Kochi for sequencing.
3.2.3.3.3.1 Gel Elution Using Gel Extraction Kit (Himedia™)

Agarose gel electrophoresis was performed to fractionate DNA fragments.
After adequate separation of bands had occurred, the DNA bands were excised from
the ethidium bromide stained gel with a clean razor blade or scalpel using 312 nm UV
light. The weight of the gel slice was determined and accordingly three volumes of

combo binding buffer (CB) (DS 0115) was added per gel slice volume.



27

The mixture was incubated at 55-60° C for 7 min until the gel had completely
melted. The contents of the tube were mixed after every 2-3 minutes so that the agarose

was completely dissolved.

The lysate was loaded into HiElute miniprep spin column and the combo
binding buffer mixture was applied to a HiElute miniprep spin column and centrifuged
at 10,000g (12000rpm) for 1 min at room temperature. The flow-through was discarded
and the column was placed back into the same collection tube. Three hundred pl of
combo binding buffer was added into the column and centrifuged for 1 min at 10,000
g at room temperature to wash the membrane. The flow through was discarded and the

collection tube reused.

The column was placed into the same collection tube and 700 pl of diluted wash
solution was added and centrifuged for 1 min at 12,000 rpm, room temperature. The
flow- through was discarded and the collection tube reused. The empty column was

centrifuged for two min at maximum speed to dry the column membrane.

The column was placed into a new uncapped 2.0 ml collection tube and 30-50
pl of elution buffer (ET) (10mm Tris-Cl, PH-8.5) (DS0040) was added directly onto
the column membrane and incubated at room temperature for 1 min. The assembly was
centrifuged for 1 min at maximum speed > 14,000 rpm to elute the DNA and the eluate
was transferred into capped 2 ml collection tube. Aliquots were sent for sequencing

and the rest was stored at -20°C.
3.2.3.3.3.2 Cloning of PCR products for Sequencing

The most efficient method for getting good sequences of the PCR products is
by cloning of the DNA. It is essentially a four-step process including competent cell
preparation, ligation of the PCR products, transformation of the ligated products into

competent cells (E£. coli DHS5a) and Plasmid isolation from transformed colonies.
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3.3 COMPETENT CELL PREPARATION

The ability of a cell for up taking a plasmid DNA is called as competence and
the cells having the competency that used for transformation are the competent cells.
E. coli cells treated with cold Calcium chloride (CaClz) takes up plasmid DNA by
transformation. CaCly is thought to enhance binding of plasmid DNA to cell surface

by affecting plasma membrane permeability.

The E. coli strain used for the transformation was E. coli DHS a. From a freshly
streaked LB agar (2%) plate, E. coli was inoculated into 50 ml LB broth directly. The
culture was then incubated at 37° C overnight with shaking. After incubation, 500 pul of
the culture was inoculated into 50 ml LB broth in 250 mL flask and allowed to grow
for 2-3 h till the OD — 600 values reached 0.3 to 0.4 (silky appearance). The cells were
then harvested by spinning the bacterial culture taken in 2ml Eppendorf tubes at 4000
rpm for 5 min. The supernatant was discarded and pelleting was also repeated using
fresh culture until sufficient amount of bacterial pellet was obtained. The pellet was
then suspended in 1 ml chilled 0.1M CaCl; and centrifuged at 4000 rpm for 5 min 4°
C. The supernatant was discarded and the pellet was again resuspended in 1 ml chilled
0.IM CaCl: and kept on ice for 30 min. After centrifuging at 4000 rpm for 5 mins at
4°C, the supernatant was discarded and the pellet was once again resuspended in 200
ul chilled 0.1 M CaCl; and stored at 4 °C.

3.3.1 Ligation of PCR Products

The ligation of the PCR products was done using TA Cloning® Kit (Invitrogen).
One vial containing pCR¥2.1 vector was centrifuged to collect all the liquid in the

bottom of the vial. The components of the ligation mixture are listed below:

(3 |
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Fresh PCR product : 2 ul
5X T4 DNA Ligase Reaction Buffer : 2 pl
pCR®2.1 vector (25 ng ul™) : 2 ul
Water : 3 pul
ExpressLink™ T4 DNA Ligase (5U) : 1 ul
Final volume : 10 pl

The ligation reaction was then incubated at room temperature for 20 min and stored at
-20°C.

3.3.2 Transformation of Ligated PCR Products into Competent Cells

The tubes containing ligation reactions was first centrifuged briefly and kept on
ice. Ten pl of the ligated products was added to the tubes containing 200 pl of
competent E. coli DH5a cells and the tubes were inverted gently to mix and placed
them on ice for 30 min. The cells were then allowed to heat shock at 42 °C for 2 min
in water bath without shaking and immediately kept on ice for 2 min. To each of the
tubes containing the cells, 800 pl of LB broth was added. The culture was then
incubated for 1 h at 30° C with shaking at 50 rpm in shaker cum incubator. It was done
for allowing the bacteria to recover and to express the antibiotic resistance marker
encoded by the vector. After the incubation, 200 pl of the transformed culture was
poured on LB/Amp/IPTG/X-Gal plates and spread plating was done using a sterile L-
rod. The culture plates were then allowed to dry and incubated at 30 °C overnight
without shaking in shaker cum incubator (ROTEK-LES).

3.3.2.1 Plasmid isolation from transformed colonies
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Transformed colonies from freshly inoculated plates were used to inoculate 5
ml LB broth (containing appropriate antibiotics) taken in test tubes. The culture was
incubated at 37° C overnight with shaking at 180 rpm in shaker cum incubator. After
incubation, the culture was then poured into 1.5 ml tube and centrifuged at 4000 rpm
for 4 min to pellet out the cells. The supernatant was removed and resuspended the
bacterial pellets in 200 pL. GET buffer. Three hundred pl freshly prepared Lysis buffer
(0.2 N NaOH/ 1% SDS) was added and mixed the contents of the tubes by gentle
inversion. After incubation on ice for 5 min, the solution was neutralized by adding
300 pl Neutralizing solution (3M potassium acetate) and mixed by gentle inversion,
followed by incubation on ice for 5 min. The solution was then centrifuged at 15,000
rpm for 10 min at room temperature, for the removal of cellular debris and transferred
the supernatant to a clean tube. 400 pl of Chloroform was added and mixed by
inversion for 30 s. The solution was then centrifuged at 13,000 rpm for 1 min to
separate phases and transferred the upper aqueous phase to a fresh tube. This step was
done 2 times. An equal volume of 100% isopropanol was added and mixed the contents
by inversion. Centrifuged at maximum speed (14,000 rpm) for 10 min at room
temperature and removed the isopropanol. The pellet was then washed with 500 pl
70% ethanol and centrifuged at 10,000 rpm for 5 min. After the centrifugation, the
pellet was allowed to air dry for 30 min in laminar hood. The pellet was resuspended
in 60 pl double distilled water and stored at -80 °C for further use.

3.3.2.2 Sequence Analysis of the Amplicons

The SOC1 sequences that were cloned into DHS alpha were stored at -80 °C for
future studies. The resultant sequence of the amplicon from sequencing was used for
analysis using bioinformatics tools in order to identify the sequence viz., BLAST
(tblastx). The BLAST programme used was tblastx, i.e., translated nucleotide query

used to search in translated nucleotide sequence database. Sequences were also
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analyzed for Conserved Domains using NCBI conserved domain search and

phylogenetic tree construction.
3.4 MICROSCOPY STUDIES
3.4.1 Fixation of Pepper Tissue Samples Using FAA

The spike samples were collected from different tissues and placed in separate
Oakridge tubes containing chilled FAA (Formaldehyde-acetic acid-ethanol) solution
that had been pre-stored at -20 °C (Samsung RS21HUTPNI1 freezer) for temperature

stabilization overnight. The samples were kept at 4° C overnight.
3.4.2 Dehydration, Paraffinization and Microtoming of Pepper Tissue Samples

The next day after fixation, the tissues fixed in FAA were washed and stored in
70% ethanol at 4° C. After draining off the 70% ethanol, the tissue samples were kept
subsequently in 85% ethanol and 95% ethanol 60 min each. The samples were kept in
100% ethanol two times 30 min each and was followed by rinsing the tissue sections
again in 100% ethanol two times 60 min each. After draining off the 100% ethanol, the
tissue samples were kept subsequently in different proportions of Xylol (Xylene plus
ethanol), viz., 25% Xylene plus 75% ethanol, 50% Xylene plus 50% ethanol and 75%
Xylene plus 25% ethanol 30 min each. Then, the samples were kept in 100% Xylene
two times 60 min each. The tissue samples were then dipped in 100% Xylene and one-
fourth of the volume was filled with paraffin chips and kept at 42 °C overnight for
complete melting. Then, the paraffin chips were again added to that in one-fourth of
the volume and kept at 60°C for several hours until completely melted. After that, the
melted wax was replaced with freshly melted wax overnight at 60°C. Then, the tissue
samples were allowed for 6 subsequent wax changes separated by 4-6 h. After all of

the wax changes, freshly melted wax was poured in several molds and placed the tissue
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samples in each of the wax molds for embedding and then stored at 4 °C for setting of

wax, which is important for proper microtoming process.

Thin sections of the spike tissues which were embedded inside the wax mold
were taken using rotary microtome (SIPCON) facility available at Department of
Botany, Kerala University, Karyavattom Campus. The ribbon like sections obtained
were dipped in pre-warmed (42 °C) water and placed on polylysine coated clean
microscopic slides. The slides were kept at 42 °C in hot air oven (LABLINE).

3.4.3 Deparaffinization and staining of tissue samples

The slides with tissue sections were dipped in 100% xylene for
deparaffinization by leaving the tissue sections to stick on to the slides because of the
polylysine coating. After deparaffinization, the tissue sections were rinsed three times
with 70% ethanol, leaving tissue in each rinsing solution for at least 10 mins. After
draining off the third rinse of 70% ethanol, it was replaced with fresh ice cold 70%
ethanol and kept in refrigerator before sectioning. The thin sections were placed in
watch glass containing 1 per cent (w/v) Safranin O stain solution, 2 -24 h for staining.
The stained sections were then rinsed in fresh 70% ethanol and followed by rinsing in
distilled water two times for 5 min each, with gentle agitation. The tissue sections were
then subjected to a series of dehydration process. The sections were first washed in
95% ethanol plus 0.5% picric acid for 15 sec, followed by washing in 95% ethanol plus
four drops of Ammonium hydroxide for 10 sec to 1 min (don’t go longer because it
will destain the tissue completely.). Final dehydration was done by dipping in 100%
ethanol for 10 sec. The sections were then counter stained in 0.05 % (w/v) Fast Green
stain solution for just 5 to 15 sec taking care of not over-staining by the fast green. The
sections were washed in clearing solution by dipping for 10 sec, followed by the
removal of clearing solution residues by dipping in the xylene plus 2-3 drops of 100%

ethanol. The sections were then allowed to clear in 100% xylene with 2 washes of 5-
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10 min each. After the clearing process, the sections were placed in clean microscopic
slide and a drop of glycerol was added over each section. A clean coverslip was

mounted over the sections and they were viewed directly under the stereomicroscope

(Leica ezdhd, Germany).



RESULTS
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4. RESULTS

The study entitled Identification and characterization of Suppressor of
Overexpression of Constans (SOCI) gene in black pepper (Piper nigrum L.)”, was
carried out at the Integrated Biotechnology Block, College of Agriculture, Vellayani
during 2015-2016. The results related to the study are presented in this chapter.

4.1 IDENTIFICATION OF FLOWERING TIME GENES
4.1.1 Degenerate Primer Designing

Degenerate primers for the flowering time gene SOC! was designed based on
the conserved regions in the multiple aligned nucleotide sequences (fig. 1, 2) and
named as SOC1Fw-1, SOC1Fw-2, SOCIFw-3, SOClrev-1, SOClrev-2, SOClrev-3
and SOClrev-4 respectively. The primer sequences are presented in Table 1.

4.1.2 RNA Isolation

Three different tissue samples, namely bud, mature leaf and roots were used for
extraction of total RNA. Distinct, intact rRNA (ribosomal RNA) bands with no
apparent RNA degradation were observed on the gel in all three samples and no
genomic DNA contamination was observed on agarose gel (1.5%) showing good
quality RNA extraction for these samples (Plate 1). The RNA samples were used to
prepare cDNA and for PCR.

For expression studies, stage 1 spike, mature leaf, roots, orthotropic shoots and
plagiotropic shoots were used for extraction of total RNA. Distinct, intact rRNA bands
with no RNA degradation were observed on the gel. No DNA contamination was
observed on agarose gel (1.5 %) showing good quality RNA extraction. Further,
absorbance reading of the extracted RNA by using spectrophotometric method
revealed good quality and quantity of RNA (Table 2).
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(*):  Conserved nucleotide

Accession no: Plant species
21/259014666|gb|GQ489241.1| Muagnolia virginiana
HC084627.1 Oryza sativa
ENA|AFH41826/AFH41826.1 Brassica napus
AY007726.1 Arabidopsis thaliana
ENAJADX97324|ADX97324.1 Mangifera indica
ENAJKYP64350/KYP64350.1 Cajanus cajan

Fig. 1. Multiple sequence alignment for designing degenerate primers (forward) for SOCI
gene.
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Accession no:

Plant species

2i[259014666/gb|GQ489241.1|

Magnolia virginiana

HC084627.1

Oryza sativa

ENA|AFH41826|AFH41826.1

Brassica napus

AY007726.1

Arabidopsis thaliana

ENAJADX97324|ADX97324.1

Mangifera indica

ENAIKYP64350/KYP64350.1

Cajanus cajan

Fig. 2. Multiple sequence alignment for designing degenerate primers (reverse) for SOCI

gene.
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Table 1. Sequences of designed degenerate primers for SOC/

SL Primer name Primer sequence (5’ to 3°) No. Of bases | GC content (%) | Twm (°c

No.
1 SOCIfw-1 | TGGTGMGRGGVAARACBCAGATGA 24 41.6 61.0
2 SOClfw-2 | CAGATGARGMGVATAGAGAA 20 35 49.5
3 SOClfw-3 | GBAAYGGBYTGYTBAAGAARGC 22 318 549
4 SOClrev-1 | CWATGAAYAAYTSRGTYTCBACTTC 25 24 56.3
5 SOClrev-2 | TCCTTYTSYTTDAGYTGCWSAAT 23 21.7 55.4
6 SOClrev-3 | CCTTCTCCCAAVAGYTTDCGYTT 23 391 69.2
7 SOClrev-4 | TTCAAGDTKYTCRATYTTCTT 21 19.0 55.4

Degenerate code Bases

AC
AG
AT
CG

GT
ACG
ACT
AGT
ACGT

ZUT<RA<KNEREZ
3
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Table 2. Quality and quantity of isolated total RNA

Sl No. Sample Absorbance | Absorbance | A /A 20 | RNA Yield
(A 260 nm) (A 280 ﬂm) (ng,u-l)
1 Stage 1 spikes 0.017 0.010 1.7 680
2 Mature leaf 0.0081 0.039 2.07 3240
3 Root 0.023 0.013 1.76 920
4 Plagiotropic
Fouop 0.014 0.008 1.75 560
shoot
5 Orthotropic
0.041 0.023 1.78 1640
shoot

4.1.3 RT-PCR with Degenerate Primers

The reverse transcription of the extracted RNA from the stage 1 spikes was
carried out to synthesize the first strand cDNA followed by PCR with the designed
degenerate primers. Different combinations of the primers were used to do PCR
reactions. The first reaction was done using the combination of SOCI1fw-1 and
SOClrev-1 which yielded no bands. Subsequently the PCR product from the first
reaction was taken as template for nested reactions. Two of the reactions using primers
SOCI-fw2 with SOCl-revl and SOCIfw-2 with SOCIl-rev3 vyielded desired
amplification at the expected size of 640 bp and 330 bp respectively (Plate 2).

4.1.4 Sequencing of the Amplicons Produced by Degenerate Primers

The two amplicons produced by the two degenerate primer pairs were eluted

from the agarose gel and purified using Genei™ Gel Extraction Kit, the eluted products



Lane | — Mature leaf

Lane 2 — Root

Lane 3 — Orthotropic shoot
Lane 4 — Plagiotropic shoot

Lane 5 — Spike

Plate 1. Agarose gel electrophoresis of black pepper total RNA from different plant parts

Lane 1 —100 bp DNA ladder

Lane 2 —PCR amplification of SOC1
primers (330bp)

Lane 3 - PCR amplification of SOC1
primers (640bp)

Plate 2. Agarose gel electrophoresis of PCR product from cDNA of stage 1 spike RNA using
SOCI primers
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were sequenced at Scigenom, Kochi. Four sequences were generated (Two sequences

each from an amplicon - one from forward primer and the other from reverse primer).
Sequences of the amplicons are given below.
>S0OC1fw-2 (534 bp)

CTCAAGAAGTCGATGTCTGTCATGCTCATACTGTGATCATTCAAGAAGCC

GTTCGAGCTCTCCGTCCTTTGCGACGAGGAGTCGCTCTCATCGTCTTCTCC
CCCCGCGGCAGCTCTATGAGTTCGCCGCTCCAGCATGCAACAGACTATTG
AACGCTACCAGAAGTACACTGCAGGTGTTTTTTGAAAGATAAACCTCTGA
ACAGCACATTCAGCAATGGAGATTGAAGCTGGAAAATGGCGAAAAAATT
GAATTTTGGAAGTTTCAAAAGGAACTATGGGTGAAGACTTGGATCTTGTT
CCCTTGAAGAACTTCAGAAATGGAAGCAGCTGAGAAGGCCTAGGCAAGT

AGAGGAAGGAAGATCTCCGTTTAGAGAACAGATGGATGACTAGAGGAAA
AGAGTGAGGTTAATTAAAGAGAATTCGCTACTGCGGCAATGTTTGTTGTC

ATGAACAAGACGTAGATAAAAATGGTAGAGGAAATTGCCCTGATGATGT

AGTGGCAAGGTTTGAAGTCAAACCATTTTTTTTGATT

>S0C1-revl (570 bp)

TGACCACAAAATAAGACTGTAGAGGACATATGACTATCACCATTTTTATT
CTCACGTTCTTGTTGAGAACTTCATCTTTTGCCGCAGTAGCGAGTTCTCCT
TAATTAAGCTCCTCTCATTTTCCTCTAGTCGTTCAATCTGTTCTCTAAACA

GGAGGTTCTTCCTTCCTCTAATTTTGCCTAGGCTTTGCTCTAGGTGGCCTT

CCAATTGCTGAAGTTCTTCAAGGGAACAAGATCCAAGGCCTTCACCCAAT
AGTTTCCTTTTGGAAACTTCCAAAAATTCAAGTTTTTTCGCCATATTTCCA
GCTTCAAATCTACATTGCTGAATGTGCTGTTCAGAGATTTTGTTGTTCAAG
CCAATGCTTGCGGTGTACTTCTGGTAGCGTTCAATAGTCTTTTGCATGCTG
GAGCTGGCGAATTCATAGAGCTTGCCCGCGGGGGGAGAAGACGATGAGA
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GCGAGCTCGGCGTCGCAAAAGGACGGAGAGCTCGAAGGCCTTCTTGAGG
AGGCGACTACGGCGCTTGGAGAAGGTAACCCTGCCGGCTGTGGCGTTCTC
TATCCTCCTCATCTGA

>S0C1-fw2 (242bp)

AAGGCCTTCGAGCTCTCCGTCCTTTGCGACGCCGAGCTCGCTCTCATCGTC
TTCTCCCCCCGCGGCAAGCTCTATGAATTCGCCAGCTCCAGCATGCAAAA
GACTATTGAACGCTACCAGAAGTACACCGCAGGCATTGGCTTGAACAACA
AAACCTCTGAACAGCACATTCAGCAATGTAGATTTGAAGCTGGAAATATG
GCGAAAAAACTTGAATTTTTGGAAGTTTTCAAACGCAAACT

>80C1-rev (178bp)

TTGCCGCGGGGGGAGAAGACGATTAGAGCGAGCCCGGCGTTTTAAGGAC
GGATAGCTCGAAGGCCTTCTTGAGGAGGCCTCTACGGCGCTTGGAGAAGG
TAACCTGCCGGCTGGTGGCGTTCTCTATTCGCCTCATCTGAATTTTTTTTTT

4.1.5 Analysis of the sequences

The resultant sequence of the amplicon from sequencing was used for analysis
using bioinformatics tools viz., BLAST, NCBI conserved Domain Search and

Phylogeny tree.

The BLAST programme used was tblastx i.e., translated nucleotide query is
used to search in translated amino acid database. The results showed that the
sequences belonged to mRNA of SOC! gene. Table 3 gives the summary results of
the tblastx. The SOC1fw2 sequence was used for further sequence analysis of
Conserved Domain Study. This was carried out using the NCBI Conserved Domain

Search program.
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Mot T Quey E

D SC0ME SO COvel valueN sl
 FREDCTED Ambarea vehapoga NAOS-00 roen SOCH (L0CTBA2MA5. rnsintvarant . e 400 e 1 ) TR0
.| Magnia negigna SUPRESSOR OF OVERENPRESSION OF CORSTANS1 S0CH mRA comes s 050 0% 28 1 G

Fadhysandsa wimmnas suporesorofoverepession o cntans 1 PN patal o i 39 0% Sl 1 565
LOCT608076". vanscng racant 4 nfté 09 00% el 1 At
. PREDCTED Jucar g MALS-bo proe SO LOCRSKOTH, vaurotananL A3 ot 089 0% el 1 Xy D
" PREDITED Joans e WD oo 301 OCYOROITY. st )0 A 0W 0%t 1 D
. PREDICTED igansrega MADS b oroon SOC - L OCYORATHT. engtianant ! it 00 1% fedl 1 1 DR

. Moot praeennssoma R fr udave MADS-domain anarpton fack MOMATSY paa o 8 W % Rl 1 ARG
j W 0% T 1 G
| PREDCTED Qs mens aganausi A0S b g AGL 19 L0208 10 oottt 16 e 00 B MR
.| PREDICTED Cirussmesss ananous 4 MADS boy oroesn AGL101LOCHO2829103) wansavgt e A5 e 5 %2 0% %ell 1 0%
- PREDICTED: s smenss agamus e WADS s o 3819 CHCDSIA 103 vnguglaran M R0 5 % 21 W 06T
1 PRECICTED (s e agamous b HATS 401 g A, 1 OCHCZRDR 10 vamsanpvarant ) it 8 260 1% %1 1 WATI01
CTED Cis s i 40010 LCCRRTAATS ot caant . nRA W8 Rl ) 0

Fig. 3b. Screenshot showing the result of tblastx (242bp) prediction for SOC1fw-2
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Table 3. The tblastx search result of the sequenced fragments

Sequence identifier tblastx hits Gene
SOC1fw2 358 SoC1
SOClrevl 969 SOCl1
SOC1fw2 365 SOC1
SOClrev3 408 S0C1

This uses nucleotide query and finds the known conserved domains within the
sequences. The analysis showed that the query sequences carried MADS/K-Box
domains (Fig. 7, 8 and 9). Phylogenic tree was constructed using Clustal Omega
program and the sequence similarity of SOC/ among black pepper and different plants
was studied (Fig. 10). The tree revealed that the isolated SOC1 sequences from black
pepper were closely related to SOC1 genes from other plants and belonged to a clade
that contained orthologues of the gene from Nelumbo nucifera, Magnolia virginiana
and Amborella tricopoda.

4.2 EXPRESSION STUDY OF THE GENE IN DIFFERENT TISSUES
4.2.1 Semi quantitative analysis

Expression of the SOC1 gene in different tissues was studied by RT-PCR. The
tissues selected for the study were mature leaf, root, orthotropic shoots and plagiotropic

shoots. Expression was seen in all the above mentioned tissues (Plates 3 & 4).
4.3 MICROSCOPY STUDIES

The spikes of pepper were viewed under a stereo microscope to view their floral

characteristics. Longitudinal sections were observed under 10X magnification.



Lane 1 — Mature leaf

Lane 2 — Root

Lane 3 — Orthotropic shoot
Lane 4 — Plagiotropic shoot

Lane 5 — 100 bp DNA ladder

Plate 3. Expression of SOCI gene with SOC1fw-2 and SOClrev-3 primer

Lane | — Mature leaf

Lane 2 — Root

Lane 3 — Orthotropic shoot
Lane 4 — Plagiotropic shoot

Lane 5 — 100 bp DNA ladder

Plate 4. Expression of SOCI gene with SOC1fw-2 and SOClrev-1 primer
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It was observed that the ovary was superior in pepper. The anthers were seen
below the gynoecium as dark stained region and numbered 1 to 10. Bract primordia
seemed to develop as small bumps on very immature spikes. After bracts had formed,
undifferentiated floral meristems then formed in the axils of the bract (Plate 5). The
development of the carpels were more advanced than the development of stamens
which were just emerging as anther primordia indicating that the flowers were
protogynous and the flowers were covered by bracts (Plate 6). Plate 7 shows the anthers
in the LS of pepper spike. A longitudinal section of the stage 3 spike was observed
under stereo microscope 4X to study the different floral primordia in the same spike
(Plate 8). The various tissues such as plagiotropic shoots, orthotropic shoots and roots
were also viewed under the stereo microscope (Plates 9 & 10) and development of

floral parts such as the carpel and stamens could be seen.



Bract

Undifferentiated floral merist

Plate 5. Undifferentiated floral meristem in axil of bract in immature spike

Bract

Developing tricarpellary ovary

Anther primordium

Spike rachis

Plate 6. General view of LS of black pepper spikes under microscope (10X)



Anthers

Floral primordia

Plate 8. LS of black pepper spike (4X)



Plate 9. General view of plagiotropic shoottip (top) and orthotropic shoottip (bottom)



Plate 10. General view of aerial roots of black pepper



DISCUSSION



41

5. DISCUSSION

The Western Ghats region of India serves as the center of origin of black pepper
(Piper nigrum), the most important commercial spice of the world. Western Ghats of
South India and the North-Eastern India are the two hotspots of diversity of the genus
Piper in India, including about 110 species (Purseglove ef al., 1981; Parthasarathy et
al., 2006) but still the productivity in India is very low. Flowering is a critical
development process that determines yield. However, there is little information on
genes involved in flowering in black pepper. A partial orthologue of only one gene viz.,
FRUITFULL has been isolated so far (Hemanth, 2014). It is in this background that
this study entitled “Identification and characterization of Suppressor of Overexpression
of Constansl (SOC1) gene in black pepper (Piper nigrum L.)” was undertaken at the
Integrated Biotechnology Block, College of Agriculture, Vellayani during 2015-2016.
Discussions pertaining to this study are discussed in this chapter.

5.1 ISOLATION OF SOCI GENE
5.1.1 RNA Isolation and RT-PCR Analysis

The SOCI gene has been reported to express during the initial stages of flower
development. Therefore, the isolation of RNA was carried out from the immature

spikes (stage 1 spikes) of Karimunda.

The success of RNA extraction is governed by the quality, quantity and
integrity of the RNA recovered. Cethyl trimethylammonium bromide (CTAB) reagent
was used for the isolation of RNA from spikes of black pepper in this study. The
maintenance of strictly aseptic condition and the use of sterile materials to inhibit the
RNA degradation by RNase are the most important factors determining the quality of
the isolated RNA (MacRae, 2007). The bands in agarose gel showed clear and discrete
ribosomal RNAs confirming good quality of the isolated RNA. The spectrophotometric
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absorbance ratio (A2so/A2s0) ranging from 1.7 to 2.0 is regarded to have little or no
protein contamination (Accerbi ef al., 2010). The ratios obtained in this study also
confirmed that the extracted RNA was of good quality.

The extracted RNA was used for RT-PCR with the designed degenerate primers
at specific annealing temperatures. No amplification was detected in the first reactions
using SOC1-fwl and SOC1-rev] primers. It was assumed that this may be due to the
low copy numbers in the samples and hence lower amplification products. Therefore
nested reactions using the PCR product as template were carried out which resulted in
two bands being visible on the agarose gel in which the products of the nested PCR
products were run. One among the two bands was obtained using the primers SOC1-
fw2 and SOC1-revl, amplified at 640 bp whereas the other band was obtained using
the primers SOC1-fw2 and SOC]1-rev3, amplified at 330 bp. Both the bands were of
the expected size when the position of the primers was considered in the sequence

alignment carried out for primer designing.
5.1.2 Sequencing and Sequence Analysis

The two bands were gel-eluted, purified and sequenced. The sequences of the
amplicons were analyzed using Bioinformatic tools in order to identify the gene viz.,
tBLASTx, NCBI conserved Domain Search and Phylogeny tree. The tBLASTx
programme showed that the sequences belonged to MADS box transcription factors.
The MADS box is a conserved domain of 150 bps and is involved in DNA binding and
further activation of downstream genes. Many of the flowering genes isolated from
other plants are MADS box genes. SOCI has been reported to be a MADS box gene
(Bossinger and Smyth, 1996) and is a floral integrator that integrates signals from
environmental, hormonal and developmental cues and triggers downstream flowering
genes such as F7. The BLAST hits presented in Fig. 3 to 6 clearly showed that the
isolated sequences were partial orthologues of SOC! from black pepper. The identities
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and positives in the BLAST search were as high as 69 and 83 confirming once again
that the sequences isolated in this study were SOC. Since no earlier gene publications
on floral integrator genes in black pepper could be noted in NCBI database, the gene
identified in the present study could be the first MADS box floral integrator gene to be
identified in black pepper. It could also be said that this was the first ever floral
integrator to be isolated from black pepper apart from 7' which has also been isolated
in a contemporary study in the same department (Sooraj et al., 2016). It has been
reported that SOC/ gene belongs to the MIKC type of MADS transcription factors that
contain a MADS domain followed by an intervening region and then a K box region
and finally the C terminal which gives specificity to the gene. The NCBI Conserved
Domain Search program, showed that the isolated sequence contained a MADS box
and K-box region. There was a short intervening region in between. The fragment
isolated was towards the 5” end of the gene and hence the MADS domain and the K
box region could be seen in the isolated sequence confirming that it exhibited features
of the SOC! gene from other plants.

The phylogenetic analysis showed close relationship between the isolated
SOCI sequences of pepper and Amborella tricopoda. Pepper also showed similarity

toward Magnolia virginiana and Nelumbo nucifera.

5.2. EXPRESSION STUDIES OF THE IDENTIFIED GENE
5.2.1 Semi Quantitative Analysis

Semi quantitative analysis was done because it provides good information on
relative transcript abundance and to identify the exact tissue in which the identified
gene is expressed similar to the studies done by Preston and Kellog (2006). It was done
by performing a PCR using ¢DNA from different tissues viz., mature leaf, root,

orthotropic shoot and plagiotropic shoot as template with SOC/I primers. The PCR



products were separated on agarose gel (1.5%) and the gel was observed under gel

documentation system.

The gel picture showed that there was amplification in all the tissues (Plates 3
& 4). This is because the SOCI gene is present in the phloem in addition to the
flowering stages. So we can conclude that the SOCI gene is present in the shoots,
leaves and roots of the pepper plant in addition to the spikes. One of three SOC1/ tm3-
like MADS- box gene from Eucalyptus ssp. Bicostata ETL (Eucalyptus TM3 Like), is
expressed in both vegetative and reproductive organs, including shoot meristems,
roots, and floral organ primordia  (Decroocq ar al, 1999).
Although SOC! in Arabidopsis is expressed predominantly in the meristem tissues, it
is ubiquitously expressed in various tissues, including roots, leaves, shoots,
inflorescences, and stems. Probably, SOC1/TM3-like genes in dicots are widely
expressed in various tissues and the regulatory functions of these genes may be more
diversified (Lee and Lee, 2010).

5.3 MICROSCOPY STUDIES

The microscopy study of floral meristem structure linked to the expression of
the flowering genes has not been reported till date. But the floral bud differentiation
studies in black pepper has been conducted by Nalini (1983) which included the
microscopy study of vegetative bud and flowering bud showing leaf sheath, leaf

primordium, shoot primordium, and spike primordium.

Tucker (1982) did the study on inflorescence and flower development in three
Piper spp., namely Piper aduncum, Piper amalgo and Piper marginatum which are

believed to be conserved in other species as well (Ravindran, 2000).

Sokoloff et al. (2006) reported the fixing of samples in either formalin-aceto-
alcohol (FAA) or 70% ethanol for light microscopy study.
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The various tissues such as plagiotropic shoots, orthotropic shoots and roots
were also viewed under the stereo microscope (Plates 9 & 10). Roots were found on
runner/ orthotropic shoots. The orthotropic shoots seemed to be more pigmented than
the plagiotropic/fruitful shoots.

On observing the fixed and sectioned young spikes, the flowers seemed to form
in the axils of bracts (Plate 5). Tucker (1982) had also observed that in several Piper
species, bract initiation precedes the initiation of flower bud. It was noted that the
perianthless flower had a superior ovary. The anthers were relatively more stained with
safranin and were seen around the gynoecium. A longitudinal section of the stage 3
spike was observed under stereo microscope 4X to study the different floral primordia
in the same spike (Plate 8). The development of the flowers seemed to progress from
the base to the tip of the spike. More immature flowers and floral primordia were found
towards the tip while more developed flowers were found at the base of the spike. Plate
7 shows the anthers in the LS of pepper spike. Anthers were more visible in the basal
flowers rather than in the ones towards the tip of the spike. Pepper spikes are pendulous
and this helps in pollination of flowers at the tip of the spike by pollen washed down

from the basal flowers.

In the present study, thus a partial orthologue of SOCI, a floral integrator and
flowering time gene, was successfully isolated and sequenced. The sequence analysis
conclusively confirmed the fragment isolated was SOC/. Expression studies showed
SOC! expression in other tissues such as aerial roots. The expression pattern also

conforms to other reports of the activity and function of the gene (Lee and Lee, 2010).

The microscopy studies looked at development of pepper inflorescence and
flowers in the present project. However, tracking the progress of floral development in
relation with gene expression patterns can be attempted as future line of work.

Similarly, obtaining the complete sequence of the full length gene and transformation
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studies can also be undertaken as future work to characterize the role of the black

pepper SOC/ gene.



SUMMARY
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6. SUMMARY

The study entitled “Identification and characterization of Suppressor of
Overexpression of Constansl (SOCI) gene in black pepper (Piper nigrum L.)” was
conducted at the Integrated Biotechnology Block, College of Agriculture, Vellayani,
Thiruvananthapuram during 2015-2016. The objective of the study was to isolate and
sequence genes homologous to the floral integrator gene SOC1 in black pepper (variety
- Karimunda) and functionally characterize these genes by studying their expression

patterns.

Degenerate primers were designed for SOC/ gene sequences from NCBI
database (forward and reverse primers). RNA was isolated using CTAB method
followed by synthesis of cDNA using AMV RT (Avian myeloblastosis virus reverse
transcriptase).

PCR (Polymerase chain reaction) was done using the cDNA. Amplification was
obtained in the nested reactions. Two bands were obtained in two reactions using
different primer combinations. The bands were of the size of 330 bp and 640 bp as
expected.

These two bands were eluted, purified and sequenced using the relevant reverse
and forward primers. Four sequences were obtained of 242 bp, 178 bp, 534 bp and 570
bp each. The sequences were analyzed using bioinformatics tools in order to identify

the gene viz., tBLASTx, NCBI conserved Domain Search and phylogeny tree.

The tBLASTx programme showed that both the isolated fragments were
MADS box transcription factors. The bigger fragment contained MADS-box and K-

box domains whereas the smaller fragment encoded for just the MADS box region.
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The sequence data of the two fragments were of SOC1 protein of black pepper
which also happens to be the floral integrator gene making them the partial fragments
of the first ever MADS box floral integrator gene to be identified in black pepper.

Phylogenetic tree created from Clustal Omega also showed that the 242 bp
sequence was closer to Amborella tricopoda, Magnolia virginiana and Nelumbo

nucifera.

Semi quantitative analysis with SOC/ primers showed that the SOCI gene in

black pepper was expressed in the leaves, shoots and roots also.

Microscopy studies were done using FAA fluid as fixative. Sectioning the
tissues and staining with safranin and fast green were carried out to see the changes
occurring in different development stages of spikes from immature spike to complete

spike with berries.

Tracking the progress of floral development in relation with gene expression
patterns can be attempted as future line of work. Similarly, obtaining the complete
sequence of the full length gene and transformation studies can also be undertaken as
future work to characterize the role of the black pepper SOC! gene.
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ABSTRACT

The present study entitled “Identification and characterization of Suppressor of
Overexpression of Constans1 gene in Black Pepper (Piper nigrum L.)” was conducted
at the Integrated Biotechnology Block, College of Agriculture, Vellayani, during 2015-
2016. The study envisaged isolation and sequencing of SOC/, a flowering integrator
gene in black pepper (variety - Karimunda) and functional characterization of the gene

by studying the expression patterns.

Degenerate primers were designed for the above said gene based on the gene
sequences from NCBI database (SOC/ forward and reverse primers) which were used
to isolate and identify the gene. Total RNA of black pepper was isolated using modified
CTAB method followed by synthesis of cDNA using AMV RT (Avian myeloblastosis

virus reverse transcriptase).

PCR (Polymerase chain reaction) with degenerate primers was done using
¢DNA as the template. However no amplifications were observed after the first
reactions. Therefore nested PCR reactions were done using the PCR products of the
first reaction as the template. Two bands of size 640 bp and 330 bp were produced in
the nested reactions. Sequencing of the product yielded four sequences with each of
the sequence showing similarity to the SOCI gene, when done sequence analysis, thus

making it the first flowering integrator gene to be identified in black pepper.

Microscopy studies were carried out to see the floral characters of black
pepper in detail. Microscopy studies were done using FAA fluid as fixative,
sectioning the tissues and staining with safranin and fast green were carried out to see
the changes occurring in different development stages of spikes from immature spike

to complete spike with berries. P T



