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1. Introduction

Chilli {Capsicum spp.) belonging to the family solanaceae is one of the major

vegetable cum spice crop. It is originated in tropical America and is also known as

red pepper or chili pepper. Chillies were first introduced to the European Union in

fifteenth century by Columbus and then spread along the spice trading routes to

Africa, India, China and Japan to rest of the globe. The Portuguese introduced this

wonderful crop to India in seventeenth century, (Bosland and Votava, 2000).

India is the world's largest producer, consumer and exporter of chillies. About

42.4 per cent of total Indian spices exports were contributed by chillies and earned a

foreign exchange Rs. 2482.83 Million during 2015-16. Globally, India shares 40 per

cent of area and 39 per cent of production in chilli {http://www.indianspices.com

2016).

Carotenoids are important colour compounds found in fruits, which are

normally fat soluble pigments derived from five carbon isoprene units and

polymerized enzymatically to form 40 carbon structures. The characteristic red colour

found in Capsicum spp. is derived from the capsanthin and capsorubin, both of which

are involved in carotenoid biosynthetic pathway (Govindarajan, 1985). Capsanthin

and capsorubin are the keto-carotenoids, present particularly in the thylakoid
membranes of the chromoplasts. These are the major red pigment present in ripe

fruits contributes up to sixty per cent of total carotenoids. Capsanthin and capsorubin

increase consistently during ripening process (Moehs et al, 2001). Capsanthin

capsorubin synthase gene specifically expressed and synthesized carotenoid pigmens

in mature fruits at chromoplast maturation stage by incorporating ketocarotenoids.

(Bouvier et al, 1994). Capsanthin is highly stable and used as natural red colour in

food industry, confectionaries, cosmetics, beverages, pharmaceuticals and even as a

dye in textile industries.
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Byadagi chili is famous for its deep red colour and negligible or zero

pungency. Demand for Byadagi chilli has increased enormously as a source of

natural red colour in food industry, confectionaries, cosmetics, beverages,

pharmaceuticals and even as a dye in textile industries. Byadagi chilli is mainly

exported as oleoresin which serves as a substitute for paprika oleoresin.

Byadagi chilli exhibited its specific characters like high colour value and low

pungency under Kerala conditions also (Renuka 2014). The analysis done at Spices

Board quality evaluation laboratory at Kochi showed that Byadagi cultivars recorded

higher colour (108.92 ASTA) and lower pungency (0.0045% capsaicin) while KAU

varieties Ujwala and Anugraha possessed lower colour value (59.1 ASTA) and

higher pungency (0.32% capsaicin).

The inheritance of ripe fruit colour in chilli is regulated by three loci - c,lc2

and y (Hurtado-hemandez and smith, 1985). The existence of dominant allels at all

three loci leads to formation of red ripe colour fruit. The yellow fruit colour is

ressesive to red and is regulated by y locus (Popovsky and Paran, 2000).Three kinds

of mutation i.e deletion, frame shift and a premature stop codon in the coding

sequence of Ccs gene leads to yellow fruit type (Ha et al, 2007). A new Ccs variant

was identified in the yellow fruit cultivar CK7 by Li et al. (2013) when they analysed

the genetic and regulatory association between yellow ripe fruit colour and the Ccs

gene in pepper. They used gene specific primers for amplifying the coding sequence

Cds and promoter fragments of the Ccs gene from selected genotypes.

The variable increase of capsanthin and capsorubin are responsible for

different fruit colour in chilli. The expression levels of some genes in the carotenoid

metabolic pathway are comparatively high in red peppers while some genes are not

expressed in peppers with lower levels of carotenoid (Ha et al., 2007). Cloning and

functional charactarization of Ccs gene from tiger lilly {Liliiim lancifolhim Thunb.)

was reported by Jeknic et al. (2012) cloned the gene from flower tepals by rapid

50



amplification of cDNA ends (RACE). Shah et al. (2014) studied chemistry of

capsanthin, classical genetics, metabolism of capsanthin and its regulatory genes in

carotenoid biosynthetic pathway under different conditions to improve the carotenoid

production.

Gene regulatory network analysis has provided a clear understanding of

complex expression pattern between many genes. It has allowed to access

components of strongly co-expressed genes, related with biological processes.

Combined analysis of gene expression and metabolite aggregation has permitted us to

assume the functions of genes linked with specific metabolic processes by Aoki et.al

(2007).

Elucidation of carotenoid biosynthetic pathway for production of capsanthin

and capsorubin gives information on the enzymes and genes involved in colour

formation which could be further utilized for secondary metabolite production,

metabolic pathway engineering and marker assisted selection. Integration of genomic

and transcriptomic data with metabolic pathway using bioinformatic tools will further

add information on DNA sequence variation and gene expression for colour

formation in chilli.

Keeping the above in view, the present study on analysis of Capsanthin-

capsonihin synthase%tr\Q in Byadagi chilli (Capsicum atimium L.) and elucidation of

carotenoid metabolic pathway was taken up at the Centre for Plant Biotechnology and

Molecular Biology, College of Horticulture, Kerala Agricultural University.

The objectives of the study were to analyse Capsanthm-capsonihin synthase

gene (Cc5) in Byadagi chilli and to elucidate the carotenoid metabolic pathway for

production of capsanthin and capsorubin.
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2, REVIEW OF LITERATURE

The investigations on "Analysis of Capsanthin-capsonibin synthase gene in

Byadagi chilli {Capsicum annuum L.) and elucidation of carotenoid metabolic

pathway" were conducted at the Centre for Plant Biotechnology and Molecular

Biology (CPBMB), College of Horticulture, Kerala Agricultural University, Thrissur.

The objectives of the study were to analyse Capsanthin-capsorubin synthase gene

{Cos) in Byadagi chilli and to elucidate the carotenoid metabolic pathway for the

production of capsanthin and capsorubin.

2.1 Origin and history

Chilli {Capsicum annum) is an important vegetable crop coming under the

family Solanaceae. It originated from South and Central America. Chilli or pepper

{Capsicum annuum L.) is cultivated extensively in tropical and temperate zones of

the world. India is known to be the world's largest producer, consumer and exporter

of chillies. About 42.4 per cent of total Indian spices exports was contributed by

chillies and earned a foreign exchange of Rs. 2482.83 million during 2015-16.

Globally, India shares 40 per cent of total cultivated area in chilli and 39 per cent of

total chilli production (http://www.indianspices.com 2016). The major producing

nations are Hungary, India, Mexico. China and Korea.

Chilli belonging to the genus Capsicum contains more than 25 species, among

these five species namely C. annuum L., C. chinense Jacq., C. frutescens L, C.

baccatiim L. and C. pubescens L. are domesticated and cultivated (Bosland and

Botava, 2000; Costa et ai, 2009). Among the five cultivated species of the genus

Capsicum, C. annuum is extensively grown as pungent (hot pepper) and non-pungent

(Sweet pepper or bell pepper) fruits. In India, Karnataka, Andhra Pradesh,

Maharashtra, Tamil Nadu, and Orissa account for more than 75 per cent of the total

area and total production in chilli.
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Chilli fruits contain vitamin C, A and E and is a good source of oleoresin

which is used in processed foods, beverage industries and in pharmaceuticals. Chilli

has diverse uses as spice, condiment, culinary supplement, medicine, vegetable and

as an ornamental plant (Berke and Shieh, 2001).

2.2 Capsicum spp. varieties and cultivars of chilli

2.2.1 Capsicum annuum

C. annuum is a species native to southern North America and northern South

America. This is the most common and widely cultivated among the five

domesticated Capsicum spp. The C. annuum encompasses a wide variety of size and

shape of peppers, both mild and hot ranging from bell peppers to chilli peppers.

Byadagi Dabbi, Byadagi Kaddi, Ujwala and Anugraha are some of the

promising varieties of C. annuum.

2.2.2 Capsicum frutescens

C. frutescens can be either annual or short lived perennial plant. Flowers are

usually white with greenish white or greenish yellow petals. The plant is either self-

pollinated or cross pollinated by insects. The berries grow erect, ellipsoid-conical to

lanceoloid in shape. The fruits are usually very small and highly pungent (Bosland,

1996).

Vellayani Samrudhi is a variety coming under C. frutescens.

2.2.3 Capsicum chinense

C. chinense is commonly known as "Yellow Lantern Chilli" and is native to

America. C. chinense is well known for its exceptional pungency. The appearance

and characteristics of the plant can vary greatly within the species (Manju and

Sreelathakumary, 2002). C. chinen.se usually does not survive in winter but in warm

climate, it behaves as a perennial plant (Manju and Sreelathakumary, 2002).



Vellayani Thejus and CCS-1 are the varieties coming under C. chinense.

2.2.4 Capsicum baccatum

C. baccatum is native to ancient Peru and it is also known as Amarillo chilli

which literary means "yellow chilli". C baccatum has white or cream colored flower

which is usually self-pollinated or insect pollinated. The pods typically hang

downwards and can have citrus or fruity flavour (Finger et al., 2009).

2.2.5 Capsicum pubescens

C. pubescens originated in Mexico which is also known as "Manzano" pepper

that means "apple" due to its apple-shaped fruit. It is native to Central and South

America. The species name is pubescens, means hairy because of the hairy leaves.

This particular hairy character of the leaves along with the black seeds is

distinguishable characters of this species. A much noticeable feature of this species is

its capacity to withstand cooler climate compared to other Capsicum spp. It is the

least widespread and systematically farthest from all the domesticatedCap^/cwm spp.

2.3 Genotypes used in the study

2.3.1 Byadagi Kaddi

Byadagi chilli is a well-known chilli variety cultivated in Karnataka

particularly in Haveri, Gadag and Dharwad districts. It is named after Byadagi town

located in Haveri district. Byadagi chilli is known for its deep red colour with

negligible pungency. The fruit has a length of 10 to 15 cm characterstic wrinkles on

the pods, little pungency and sweet flavour. The fruit is slender, linear, light green in

colour and upon ripen turns to deep red colour, developing characteristic wrinkles at

the ripening stage. This variety possesing the highest ASTA colour value of 97.45

and it is promising under rain fed conditions. It is reasonably resistant to pests and

diseases (Renuka, 2014)
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2.3.2 Byadagi Dabbi

Byadagi Dabbi is a variant of Byadagi is being cultivated for green chilli and

dry chilli purposes. The fruits are of moderate length of about 8 to 10 cm, little bent

at the apex, and slightly expanded at the base of the calyx. The demand for Byadagi

chilli in food industry has increased enormously as a source of natural red colour. It is

having highest ASTA colour value of 120.4 (Renuka, 2014). Spiees Board has taken

steps to protect Byadagi chilli under G1 registration.

2.3.3 Ujwala

Ujwala is a variety improved by single plant selection. Fruits are clustered,

linear, erect, dark green at immature stage and turns red upon maturity and are highly

pungent. It is resistant to bacterial wilt and tolerant to mosaic and leaf curl virus. It is

cultivated all over India. It can be grown both as a rain fed crop and as an irrigated

crop. This variety can be used both as dry and green chilli. The average green chilli

yield is about 8-10 tonnes/ha. The dry chilli yield is 1800 -2200 kg/ha.

2.3.4 Anugraha

Anugraha is an improved chilli variety derived by back crossing between

Ujwala and Pusa Jwala. It is having medium-statured habit and flowers early. The

bright green fruits grow up to 12 cm in length and reach a girth of 3 cm. Fruits are

elongated, overhanging that turns red upon ripening. Anugraha is resistant to bacterial

wilt and insect pests. The fruits retain medium pungency with good chilli

characteristics.

2.3.5 VellayanI Samrudhi

It is also known as bird chilli which produces attractive creamy white fruits

which are medium pungent. It is tolerant to shade and is suitable for homesteads. It is

perennial with long fruit period with low incidence of pests and diseases. It is high

yielding with an average yield of 30t/ha.
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2.3.6 Vellayani Thejus

Vellayani Thejus coming underCapsicum chinense is a shade tolerant chilly

variety with highly pungent and round shaped fruits. The fruits are green at mature

stage and turn red upon ripening.

2.3.7 CCS -1

CC8-1 coming under Capsicum chinense bear fruits that are creamy yellow in

colour when immature and turns fully yellow when mature. Fruits are medium

pungent and round in shape.

2.4 Carotenoids

Carotenoids are a group of coloured compounds which are synthesized

biologically by plants, algae and certain types of bacteria and fungi. These fat soluble

pigments are derived from five carbon isoprene units that are polymerized

enzymatically to form 40 carbon structures (Arathi et ai. 2015). In nature, at least

750 different carotenoids exercising important biological functions have been

identified (Maoka, 2009).

Carotenoids are generally present intracellularly in the chloroplasts and

chromoplasts of plants. Generally carotenoids are physically categorized as carotenes

{eg. p-carotene and a-carotene) and xanthophylls {eg. neoxanthin, lutein, zeaxanthin,

p-Cryptoxanthin, fucoxanthin, and violaxanthin) (Delgado-Vargas and Peredes-

Lopez, 2003).

Carotenoids function by protecting cells and organelles from photo oxidative

damage by suppressing nacent reactive oxygen species and free radicals (Sandmann

et ai, 1999). It is also involved in photosynthesis (light harvesting complex)

(Delgado-Vargas and Peredes-Lopez, 2003). It acts as precursor molecule for abscisic

acid synthesis and also helps in pollination by attracting pollinators (Zhu et ai. 2009).

In the nutraceutical industry, carotenoids are valued for their health enhancing effects
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such as reduction of vitamin A deficiency, cancer, cardiovascular diseases, age-

related macular degeneration etc. (Zeb and Mehmood, 2004).

2.4.1 Carotenoid metabolic pathway in Chilli

The carotenoid biosynthesis pathway and associated gene was extensively

investigated in carotenoid enriched plants like arabidopsis, chilli, tomato, daffodil and

citrus (Cunningham and Gantt, 1998; Hischberg, 2001; Fraser and Branley, 2004).

Chilli pepper is an important plant model to analyze the biosynthesis of

carotenoids in plants. Chilli fruits secrete different colours like red, yellow or orange

carotenoids during the period of ripening process. Chloroplast imparts green colour to

chilli fruits in early stages of fruit development, undergo intense modifications during

ripening stages and develop into chromoplasts which are carotenoid synthesizing

organelles (Camara and Brangeon, 1981).

Carotenoids are mainlysynthesized from two isoprenoid molecules:

isopentenyl diphosphate (IPP) and dimethylallyl diphosphate (DMAPP). It also

serves as precursor molecule for diverse range of compounds including tocopherols,

chlorophylls, phylloquinone, gibberellins (GA), monoterpenes and plastoquinone

(Nisar et aL, 2015).

IPP molecule is mainly synthesized by two pathways namely mevalonic acid

pathway (MVA) and methylerythritol 4-phosphate (MEP) pathway (Rodriguez and

Boronat, 2002).The isopentenyl diphosphate (IPP) anddimethylallyl diphosphate

(DMAPP) involved in carotenoid biosynthesis pathway are derived from the MEP

pathway (Eisenreich et aL, 2001 ; Rodriguez and Boronat, 2002).

The 2-C-methyl-D-erythritol 4-Phosphate (MEP) pathway utilizes

glyceraldehyde-3-phosphate and pyruvate as primary substrates to synthesize deoxy-

D-xylulose 5-phosphate (DXP) which is activated by DXP synthase (DXS). MEP is

consequently made via intramolecular reorganization and decline of DXP by the
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enzyme DXP reductoisomerase (DXR). DXS and DXR are important in carotenoid

flux regulation. IPP and DMAPP are formed after a number of subsequent steps and

undergo a successive series of condensation reactions to yield the precursor of

carotenoid biosynthesis i.e geranylgeranyl diphosphate (GGPP).

The carotenoid biosynthesis starts with the formation of C40 carotenoid

phytoeneby condensation of two molecules of the C20 geranylgerariyl diphosphate

(GGPP) formed from IPP and DMAP, obtained from the methylerythritol-4-

phosphate (MEP) pathway. The condensation of two geranylgeranyl diphosphate

(GGPP) molecules catalyzed by the phytoene synthase (PSY) enzyme produces 15-

cis-phytoene, the primary colourless carotenoid. PSY is a vital enzyme governing the

pathway and forms the backbone of carotenogenesis (Cazzonelli and Pogson, 2010).

Convertion of 15-cis-phytoene to tetra-cis-lycopene by introducing four double bonds

into phytoene via two enzymes: phytoene desaturase (PDS) and -carotene

desaturase (ZDS) is asymmetric dehydrogenation reaction.

Convertion of tetra-cis-lycopene to all-trans-lycopene requires a specific

isomerase enzyme called carotenoid isomerase (CRTISO). This enzyme isomerizes

cis bondsat seventh, ninth, seventieth and nintyth positions to convert tetra-

cislycopene to all-trans-lycopene. (Park et al., 2002 ; Isaacson et aL, 2004).

For the cyclases in plants the desired substrate is all-trans-lycopene. Lycopene

cyclization is an essential step in carotenoid metabolism and makes carotenoid

diversity by changing cyclic end groups either by the addition of beta (p-ring) and/or

epsilon (e- ring). Lycopene p-cyclase (P-LCY) and lycopene e-cyclase (e-LCY)

produce (P-ring) and/or epsilon (e- ring) respectively (Cunningham et al, 1993 ;

Cunningham et al, 1996 ; Pecker e/ al, 1996 ; Ronen et al, 1999).

Linear carotenoid lycopene undergoes cyclization and makes two essential

branching points i.e one leading to beta carotene and its derivatives (xanthophylls,

zeaxanthin, antheraxanthin, violaxanthin and neoxanthin) whereas the second leading
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to a-carotene and lutein in carotenoid pathway type of the cyclic end group i.e

cyclohexane having £- or p-ionone ring added differentiates between the carotenoids

(Goodwin, 1980).

The nature of the cyclase enzyme governs the type of end group formed. Two

major cyclases in higher plants i.e p-LCY, which introduces p-rings and and e-rings

introduced by s-LCY. p-LCY introduces two p-rings to form p- carotene whereas a

combined interaction of P-LCY and e-LCY produces a-carotene. P-ionone ring is

needed to produce provitamin A activity (Send & Sundholm, 2007).

Thus, lycopene lacks provitamin activity because of the absence of p-ionone

ring. a-Carotene is replaced upon by P-ring hydroxylase to make zeinoxanthin, which

is then hydroxylated by £-ring hydroxylase to produce lutein. In another branch, p-

carotene is hydroxylated to make zeaxanthin with the help of p-carotene hydroxylase.

Zeaxanthin can be epoxidized to antheraxanthin and violaxanthin, through the action

of zeaxanthin and antheraxanthin epoxidase, separately. Neoxanthin is formed from

Violaxanthin by the enzymatic action of neoxanthin synthase

Ccs enzyme synthesizes capsanthin and capsorubin as final carotenoid

product. This enzyme catalyzes 5,6-epoxycarotenoids antheraxanthin and

violaxanthin to form capsanthin and capsorubin (Camara, 1980, 1981). Chromoplast

maturation was chiefly attributed to precise expression of Ccs gene in chilli pepper

fruits. The yellow fruited mutants with impaired Ccs gene did not express red

pigmemts capsanthin and capsorubin during biosynthetic process (Bouvier, et ai,

1994).

Apart from conversion of Violaxanthin into capsorubin it can also transform

into xanthoxin, (a precursor of ABA) by the action carotenoid cleavage dioxygenase

(CCD).

SO
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2.4.2 Pigments responsible for colour in chilli

Capsanthin and capsorubin are the major red coloured pigments present in the

ripened fruits that contributes upto 60 per cent of the total carotenoids (Moehs et ai,

2001). In paparika powder, the fraction of red carotenoids is 70-80 per cent, while the

orange carotenoids constitute 20-30 per cent of total carotenoids. These two

compounds present very low abundance in green fruits and gradually increase upon ^

ripening (Salmeron and Garrido, 1976).

Vialoxanthin occupies as major carotenoid 37-68 per cent of total

carotenoids fallowed by lutein, antheraxanthin and cis-violaxanthin in yellow and

orange pepper fruits belonging to C. baccatum, C. pubescens and C. annuum,

2.4.3 Genetics of Capsanthin capsorubin synthase gene

Capsanthin and capsorubin determines typical red colour in Capsicum spp. as

both are involved in carotenoid biosynthesis pathway (Govindarajan, 1985). During

fruit ripening the synthesized pigments get accumulated in the thylakoid membrenes

of chrooplasts present in the pericarp of the fruit which is regulated by Ccs gene.

Molecular analysis of different genes involved in the carotenoid metabolic

pathway showed polymorphism in the Capsanthin capsorubin synthase (Cc5) gene by

crossing between orange and red coloured fruits. Orange colour fruits have a deletion

in the upstream region of the Ccs gene and 21 1 bp region is conserved in the

downstream region. Further TLC analysis of carotenoids showed that capsanthin is

not detected in the orange fruits, suggesting that Ccs gene controls colour of the fruits

(Lang et ai. 2004).

Capsanthin and capsorubin are variably accumulated that is responsible for

different fruit colour in chilli. The expression levels of some genes' in the carotenoid

biosynthesis pathway in red peppers are relatively high while some genes remain

unexpressed in peppers giving lower carotenoid yeild (Ha et a!., 2007).

3)
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In chilli, three loci c7, c2 and y control the inheritance of mature fruit colour.

(Hurtado-hemandez and smith, 1985). Production of red ripe colour fruits is governed

by the presence of dominant allels at three loci. Yellow fruit colour controlled by y

locus is recessive to red (Popovsky and Paran, 2000). Ccs gene mutations found in

yellow friuted types include deletion, frame shift mutation and presence of premature

stop codon (Ha et al., 2007). ^

Control of colour development in orange coloured Capsicum annuum fruit

occupied a complex process rathe than the presence of a deletion in the structural

gene, transcription of Psy and/ or Ccs gene regulates orange ripe colour Rodriguez-

Uribe et al. (2012).

Cloning and functional characterization of Ccs gene from tiger lily {Lilium

lancifolium Thunb.) was reported by Jeknic et al. (2012). They cloned the gene from

flower tepals by rapid amplification of cDNA ends (RACE).

CK7 (a new Ccs variant) was yellow fruited cultivar identified by Li et al.

(2013) When they analysed the genetic and the regulatory association between yellow

riped fruit colour and Ccs gene in pepper. Gene specific primers were used to amplify

coding sequence and promoter fragments of Ccs gene from selected genotypes.

Capsanthin metabolism and regulation in Capsicum spp. under different

conditions was reviewed by Shah et al. (2014).

Reddy et al. (2012) reported that genetic variability of carotenoids was

detected along with the allelic variants of candidate gene Ccs. They shown that

yellow pepper line LCA 1068 (Aparna) contained Ccs gene coding region thus

concluding deletion of ccs gene is not a prerequisite for colour change from red to

yellow. Introns were absent in Ccs coding region but exhibited polymorphism due to

amino acid changes in chilli lines. Candidate or allele specific markers can be

3^
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developed from Novel allelic variants found in Byadagi Dabbi (dark red) and

LCA1068 (yellow).

Analysis of carotenogenic genes in yellow and orange colour peppers

suggested that, Lcyb, Crtz, Psy and Ccs genes were essential for capsanthin synthesis

and their wider expression patterns resulted in varied fruit colours of pepper (Tian et

fl/.,2015).

Capsicum spp. produces fruit that synthesizes and acccumulate carotenoid

pigments responsible for the yellow, orange and red fruit colour types. The carotenoid

level differs between species which is influenced by environmental conditions.

Capsanthin, capsorubin and capsanthin-5, 6 epoxide confer red colour. Red Capsicum

spp. Synthesize red coloured capsanthin that is lipophilic. 50 per cent of total

carotenoid content may be represented by capsanthin during the mturation stage.

Eleven conjugated double bonds, a conjugated keto group and a cyclopentane ring

constitute capsanthin structure. Due to these characterstics, capsanthin show

antioxidant activity (Matsufuji, 1998).

The content and carotenoid profile during fruit ripening is determined by two

metabolic processes (1) Transformation of pigments involved in photosynthesis (2)

denovo carotenoid biosynthesis rate of carotenoid accumulation has been found to be

in declining trend as follows: ketoxanthophylls including capsanthin and capsorubin;

xanthophylls including zeaxanthin, neoxanthin and vialoxanthin; epoxyxanthophylls

including capsanthin 5-6 epoxide and capsanthin-3 6 epoxide and hydrocarbons

including lycopenes (Deli, 1996). Since denovo carotenoid biosynthesis can

determine the carotenoid content and composition chilli pepper fruits. The

elucidation of carotenoid pathway during this stage can be a useful tool for

monitoring the production of capsanthin and capsorubin in Capsicum amium.
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Recently the investigations on red orange and yellow chilli pepper fruits from

28 genotypes (C annum, C. frutescens and C. chinense types) were conducted to

study the association between fruit colour and (J-carotene content. Also it was

attempted to characterize six carotenoids present in orange fruited varieties and to

analyze the nucleoiide sequences of four structural biosynthetic genes. All cultivars

shows wider variability in terms of p-carotene, capsanthin and total carotenoids.

Orange colour was predominantly determined by the presence of p-carotene but two

cases showed oange colour due to red and yellow carotenoids (Guzman, 2010).

Analysis of Psy, Lcyb, CrtZ-2 and Ccs gene sequences deduced that specific

carotenoid biosynthetic enzymes coded by different allels were related to specific

carotenoid accumulation in orange fruits. This could serve as valuable molecular

markers for selection of genotypes with high beta carotene.

Mialoundama et al (2010) found that, alanine, lysine and arginine substituted

by glutamate-295 in the conserved 293-FLEET 295 motif of Ccs stopped the

formation of P-carotene and k-cyclic carotenoids.

Capsanthin capsorubin synthase and ZEP zeaxanthin epoxidase are involved

in Capsanthin and capsorubin biosynthesis. The expression of their corresponding

genes Ccs and were monitored during fruit ripening to assess the capsanthin and

capsorubin producing genes: Psy^ Lcyb, Crt-Z and Ccs involved in capsanthin

biosynthesis pathway. Formation of red colour pigments is initiated by the expression

of Ccs gene which catalyzes zeaxanthin into capsanthin responsible for red colour

pepper fruits. (Lefebvre et al.. 1998). Ccs gene deletion or mutation result in yellow

colour pepper fruit as capsanthin synthesis blocked (Thorup et al.. 2000).

Borovsky et al. (2012) identified an amino acid transisition at 709"^ position to

G in the cDNA sequence of p-carotene hydroxylase-2 in orange pepper and complete

co-segregation of this SNP was observed with the mutated 'maor' phenotype. They

propose that p-carotene hydroxylase-2 mutation governs the orange colour in pepper.
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They found of p-carotene hydroxylase-2 expression was elevating additional

carotenogenesis genes in the orange fruits indicating presence of feedback regulation

of genes involved in the carotenoid biosynthesis pathway.

Recently virus induced gene silencing (VIGS) showed a association between

fruit colour changes and target genes {Psy, Lcyb, Crt-Z and Ccj) silencing. The

capsanthin content significantly decreased upon silencing a single gene or a group of

genes. Capsanthin synthesis can be directly or indirectly influenced by silencing key

genes (Tian et al, 2014).

Wei et al. (2014) used HPLC and real time PGR to study the expression

profile of 23 carotenoid biosynthesis gene family members to analyze relationship

between carotenoids accumulation in flavedo, juice sacs, leaves of orange fruit at

maturation. The result revealed that vioaloxanthin and leutin was mainly accumulated

in young mature fruits and leaves. Vialoxanthin increase gradually in juice sacs,

leutin content was three times more in In leaves than in juice sacs. Ccs gene had

similar expression in flavido and in juice sacs noticed. They also attempted

comparision of expression patterns of 23 carotenoid pathway gene members with

other plants and concluded these data is useful to describe tissue specific roles of

these genes.

Ghosh et al. (2015) Detected SNPs in chalcone synthase gene which was is

associated with to 6-gingerol content. They found alteration in the two amino acid

sequence (aspargine to serine at 336 position) and (serine to leucine at 142 position).

Asparagine at 336 is a critical amino acid catalytic triad of chalcone synthase gene

responsible for substrate binding. They suggest that landraces with change in

aspargine to serine causes low 6-gingerol content due to weak enzyme substrate

association.
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2.4.4 Conserved domain database (CDD)

Protein domains are distinct units of evolution associated with particular

aspects of molecular function such as catalysis or binding. Identification of

functionally characterized domains in protein sequences may give clues to their

molecular and cellular function. The Conserved domain database (CDD) is the

protein arrangement module of NCBI's Entrez query and retrieval system and is a

faster communicating tool to identify conserved domains in new protein sequences.

Bauer and Bryant (2004), described detection of structural and functional domains of

sequences by using conserved domain search results that provided domain

architecture, alignment and three dimensional graphic displays within the domain

family.

2.4.5 BioEdit

Hall (2011) reviewed that BioEdit is biological sequence alignment tool that

contains many features like Split window view, user defined color, information based

shading and auto integration with other programs such as ClustalW and Blast.

Multiple alignment of nucleic acid and protein sequences for preparing

phylogenetic trees using clustal series of programs generate output with high degree

of robustness, portability and user-friendliness (Sugawara et ai. 2003).

Multiple sequence alignment is the most widely used method to align

nucleotide or amino acid sequences using ClustalW and ClustalX which is a graphical

alignment tool that displays sequence alignment on the screen which users can scroll

easily on the aligned sequences. It contains a customizable colouring system used to

highlight the conserved regions in the sequence. ClustalX is easy to install and is

user-friendly (Thompson et ai, 1994).

5C>
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2.4.6 Analysis of EST's from Capsicum annuum and transcriptome Integration

Expressed Sequence Tags (ESTs) are most important tools for the discovery

of new genes in plants and other organisms. Castillo et al. (2012) generated a genome

source to help Capsicum annuum study by assembling of Expressed Sequence Tags

(ESTs) from different parts of tissue like (root, stem, leaf, flower and fruit) which

were sequenced by Sangers and GS-pyrosequencing methods. Validation by identity

analysis with existing pepper sequences generated 32,314 contigs out of 1,324516

raw reads.

A MySQL database was constructed containing ESTs sequence, functional

annotation, gene ontology classification, metabolic pathways and assembly

information.

Expressed sequence tags (ESTs) provides the opportunity to evaluate

sequence conservation and divergence on genomic scale (Rensink et al. 2005). They

analyzed expressed sequence tags (ESTs) from six Solatiaceae species by clustering

and assembling into gene indices and confirmed that at nucleotlde level highly

conserved sequences were found among Solanaceae.

For understanding more information in biosynthesis of capsaicinoids, they

isolated total RNA from placenta and pericarp of pungent pepper {Capsicum

fnitescens L.). The RNA was sequenced and assessed for the effects of numerous

assembly constraints using various assembly softwares. Found a suitable approach in

order to de novo assemble transcriptome data. Around 54,045 transcripts (high

quality uni genes) were obtained through Trinity software. Around 92.65 per cent

genes showed sequence similarity to protein sequences genome of potato, tomato and

pepper (C. annuum) ESTs databases.

Lu et al. (201 1) reported comprehensive characterization of the

transcriptomes of the mature fruits of two red pepper {Capsicum annuum) accessions,
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YCM334 and Taean, using the 454 Genome Sequencer (GS)-FLX Titanium System.

For YCM334, sequencing generated 121,152 reads, which were assembled into

11,770 contigs and 13,827 singletons. And Taean generated 154,088 reads,

assembled into 14,200 contigs and 15,135 singletons. Using blast against the NCBI

non-redundant (NR) and UniProt databases, unigenes were functionally annotated

and expression pattern analysis revealed presence single nucleotide polymorphisms

(SNPs) which provides valuable resources for depiction of some important agronomic

traits and documentation of molecular mechanism such as phytopathogen resistance.

Kim et al. (2008) designed and constructed chilli pepper EST database in

order to perform comprehensive analysis of gene expression with response to biotic

and abiotic stresses. After clustering and assembling of ESTs into consensus cDNAs,

the cDNAs were assigned to metabolic pathway by Gene Ontology (GO) and MIPS

Functional Catalogue (FunCat). Pepper EST database contains data of numerous

unigenes that help in analyzing expression patterns at different developmental stages

under stress and comparison of ESTs with other Solanaceae family members.

2.4.7 Databases for metabolic pathway analysis

Metabolic pathway databases such as "Plant Metabolic Network/MetaCyc"

and "KEGG" pathway are publicly accessible resources providing organism-specific

information on reactions and metabolites. Kyoto Encyclopedia of Genes and

Genomes (KEGG), is an online database that contains genomic, metabolomic and

functional information. In particular, gene records from completely sequenced

genomes are associated to systemic functions of the cell, the organism and the

ecosystem.

Protein interaction network and chemical reactions involved in various

cellular processes is mechanized by KEGG. KEGG reconstructs protein interaction

networks from all those organisms with completely sequenced genome. It forms base

for utilization in fuctional genomics, expression database and proteomic studies.
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KEGG maps are graphical illustrations representing knowledge about genetic

information processing, cellular processes, organismal systems, molecular interaction

and metabolic reactions. Each graph is drawn manually by using kegSketch with

experimental evidence in literature. KEGG pathway displays metabolic networks in

the form of wired electronic circuit like maps. (Kanehisa et al, 201!).

MetaCyc database is publicly available comprehensive database that explains

metabolic pathways and enzymes from ail domains of organisms. It contains

experimentally determined 2400 small molecular metabolic pathways. BioCyc is a

collection of genomic and metabolic networks of an organism containing metabolites,

enzymes, reactions, metabolic pathways and transport systems (Caspi et aL, 2015).

BRENDA is an enzyme functional database that contains manually curated

literature-based data on enzyme function, their metabolic role, genomic and protein

sequence data and enzyme structure data (Chang et al., 2015). BRENDA contains

manually annotated data for 82,568 enzymes and 7.2 million enzyme sequences from

UniProt. New interactive and intuitive BRENDA pathway maps give an overview on

biochemical processes and facilitate the visualization of enzyme, ligand and organism

information in the biochemical context (Placzek et ai, 2016).

2.4.8 Cytoscape

Cytoscape is an open source community software project used for integrating

high troghput expresion data and other molecular state information with biomolecular

interaction networks for analysis and visualization. "Core" software provides

functionality to layout, query the network and visually integrate state data with

network. It is powerful when utilized in conjugation with large protein -protein,

protein - DNA and genetic interaction databases avilable for humans and model

organisms. It visually integrates the network with phenotypes, expression profiles,

other molecular state information and links to databases of functional annotations.

(Baryshnikova, 2011).
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Gene regulatory network (CRN) as an undirected graph represents biological

systems and behavior using biological compounds that are generated from omics

data. CRN is composed of nodes and edges representing genes and mutual co-

expression relationships (Aoki et al, 2007 ; vijesh et ai, 2013 ; Higasi and Saito,

2013). Gene regulatory network contains cluster of genes, proteins and metabolic

network contains whole data of metabolites and their governing enzymes and

reactions.

The complex of biological networks has a hierarchy (Oltvai and Barabasi,

2002). Among the levels of genome wide organization and individual molecular

components, there are substructures such as modules, motifs and pathways

characterized by topological properties such as degree distribution, network density

and clustering coefficient (Watts and Strogatz, 1998). A module represent a set of

genes having a distinct function that arises from interactions among them. The

analysis of module is more informative compared with respect to regulatory

mechanisms of the specific biological processes.

Perrin et al. (2003) used statistical machine learning approach to describe and

identify gene regulatory networks from experimental data. It is acknowledged as a

dynamic Bayesian network principally suited for tackling the random nature of gene

regulation and gene expression measurement. When it was evaluated against S.O.S.

DNA repair network data of Escherichia coli, it was able to extract exact regulations

between genes involved in this network.

Analysis of gene regulatory network will provide a clear mode to describe

gene expression pattern among several genes. It allows to access modules of strongly

co-expressed genes related to biological processes. Functions of genes related to

specific metabolic processes were hypothesized by integration of gene expression

data and metabolomic data (Aoki et ai, 2007).
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Hecker et ai (2008) used computational methods to reconstruct GRNs from

experimental data. Methods such as standard GRN inference methods basically use

gene expression data obtained from microarrays and focuses on capable modelling

methods. It also provides a synopsis of modelling schemes, learning algorithms

available in common and outlined current challenges.

Baerenfaller et al. (2012) described the investigation of Arabidopsis leaf

growth and abiotic responses using systems-based omics analysis by mining and

displaying transcriptome, proteome and phenome data.

Pan et al. (2013) discovered novel fruit related regulator gene involved in

pigment accumulation in tomato by artificial neural network interface analysis and

the function was validated in transgenic plants. Artifial neural network analysis and

transcripon factor gene expression profiles at various developmental stages were used

for GRN construction. It revealed that gene expression profiles with a sequence

releated to Arabidopsis thaliana i.e ARBIDOPSIS PSEUDO RESPONSE

REGULAT0R2 LIKE GENE (APPR2) like. Overexpression of APRR2 gene in

transgenic lines show upregulation of ripening related genes that link ripening

process. APRR2-Like gene in Capsicum annuum sweet pepper is associated with

pigment accumulation in fruits.

Vijesh et al. (2013) reviewed different methods of reconstructing gene

regulatory network models and different classes of GRNs (1) Logical models, like

Boolean network, Probabalastic Boolean network, Bayesian network (2) Continuous

models (3) Single Molecule Level Model and (4) Hybrid Model etc.

Higashi, Y. and Saito, K. (2013) reviewed the network analysis in

Arabidopsis thaliana and discovered genes involved in plant specialized metabolism

in non-model plants by using gene coexpression network analysis and mass

spectrometry-based metabolite profiles (gene-to-melabolite correlation).



23

Guerin et al. (2016) reported multilevel methodology in oil palm for

combining gene co expression analysis, quantifying allel specific expression and joint

multi variant analysis of transcriptomics and lipid data. It displayed fattyacid

composition and contrasting oil contents. A tight transcriptional coordination of fatty

acid synthesis in the plastid with sugar sensing, glycolysis, starch storage and carbo

recapture pathways were revealed from the gene coexpression network.

2.5 Terminologies of gene regulatory network

Node - nodes represent genes usually equivalent to the corresponding transcripts and

proteins and small molecules (metabolites)

Edges - edges between the nodes represents gene relationship between the genes and

interacton of genes

Degree - number of links made by a node

Network density - a ratio of the observed number of links to all possible links

Clustering coefficient - clustering coefficient of node (n) is a ratio of observed

number of links between neighbours to number of all posiible links between

neighbours

Motif - statistically over-represented sub-graphs

Module - a group of nodes that linked more densely within the group
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3. Materials and Methods

The research work on "Analysis of Capsanthin-capsorubin synthase gene in

Byadagi chilli {Capsicum annuum L.) and elucidation of carotenoid metabolic

pathway." was under taken at CPBMB, CoH, Kerala Agricultural University,
Thrissur during 2014 - 2016. The objective of the study was to analyse Capsanthin-

capsorubin synthase gene (Ccs) in Byadagi chilli and to elucidate the carotenoid
metabolic pathway for production of capsanthin and capsorubin. The experimental

materials and methodology adopted for characterizing Capsanthin-capsorubin

synthase gene (Ccs) at molecular level and elucidating the carotenoid metabolic
pathway are presented in this chapter.

3.1 Materials

3.1.1 Plant materials

Seven genetically distinct chilli varieties /accessions were selected based on

colour at fully ripe fruit stage. The accessions selected belong to three different
Capsicum spp. Byadagi Kaddi, Byadagi Dabbi, Ujwala, Anugraha belong to
Capsicum annuum, Vellayani Samrudhi to Capsicum frutescens, Vellayani Thejus,
and CC8-1 to Capsicum chinense (Platela-lc).

Byadgi chilli is a well-known genotype of chilli particularly cultivated in
Karnataka. It is named after Byadgi town located in haveri district. Fruits are dark red

colour with negligible pungency. Byadgi Kaddi fruit has a length of 10 to 15 cm,
categorized by wrinkles on the pods, and sweet flavour. Fruits are linear and light
green at mature stage, at ripening stage changed to deep red colour by developing the
characteristic wrinkles.

Byadgi Dabbi is another cultivar of Byadagi is being cultivated for green and

dry chilli. The fruits are of medium length 8-lOcm. a slight curved at the apex and
bulged at the base of the calyx. Byadagi dabbi fruits are green at matre stage and

■ f <.
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BYADAGl KADDI

Byadagi Oaddi
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Plate la. Genotypes used for the study
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VLLLAYANI SAMKUPUl

VELLAYANl SAMRUDHI

Platelb. Genotypes used for the study
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Plate Ic. Genotypes used for the study
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turns deep red colour bat ripening stage by developing characterstic wrinkles. Ujwala

is a KAU released variety with clustered linear erect dark green fruit, resistant to

bacterial wilt, tolerant to mosaic and leaf curl virus. Fruits are, dark green and turn

red on ripening. Anugraha is a chilli variety released from KAU which is derived

from the cross between Ujwala and Pusa Jwala. It produces elongated, hanging fruits

having light green colour and turns red upon ripening. Vellayani samrudhi is a
promising bird chilli. It is high yielding with an average yield 30t/ha. It produces
attractive creamy white fruits at immature stage and turns orange colour upon

ripening. Vellayani Thejus, is a shade tolerant chilly variety with highly pungent
round shaped fruits. The fruit are green at mature stage and turns red upon ripening.

CC8-1 is a Capsicum accession comes under Capsicum chinense. Fruits are creamy

yellow at maturity and turns to fully yellow at ripening. Fruits are medium pungent

and round in shape.

Seeds originally collected from Haveri district of Karanataka and maintained

at CPBMB, College of Horticulture were used to raise seedlings in pots. Leaves were

collected from one month old seedlings for DNA extraction.

3.1.2 Laboratory chemicals, glassware and equipment

The chemicals used for the study were pure and of good quality obtained from

Merck India Ltd., HIMEDIA and SISCO Research Laboratories. The Taqpolymerase,

dNTPs, Taq buffer and DNA ruler (Eco Rl, lOObp ladder) were supplied by
Invitrogen. The plastic wares were procured from Axygen and Tarson India Ltd. The
Ccs gene specific primers were obtained from Sigma Aldrich Pvt. Ltd.

The equipment used for the investigations were high speed refrigerated
centrifuge (KUBOTA 6500), NanoDrop NO-1000 spectrophotometer for estimation
of quality and quantity of DNA, horizontal gel electrophoresis system (BIO-RAD,
USA) and thermal cycler (Proflex) for DNA amplification. Details of equipment are

provided in Annexure 1.
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3.2 Methods

3.2.1 Raising chilli varieties /cultivars

The chilli genotypes used in the study were raised in the net house of

CPBMB, KAU, Vellanikkara. The plants were raised in pots with one plant/pot, and

five pots were maintained for each genotype. The seeds were sown in September

2014 and were germinated within ten days of sowing. Fourteen days after

germination, tender, immature leaves were collected for DNA isolation.

3.2.2 Genomic DNA isolation

Young tender leaves were collected in ice box from individual plants of all

seven genotypes. The surface was sterilized by wiping with 70 per cent ethanol. The

fresh green leaves were ground to fine powder in liquid nitrogen along with p-
mercaptoethanol and PVP in an ice cold mortar and pestle.

CTAB method developed by Rogers and Bendich (1994) was used for genomic DNA

isolation

Reagents:

1. 2X CTAB buffer

II lOX CTAB buffer

III TE buffer

Procedure

> Ground one gram of leaf sample in a pre-chilled mortar and pestle in the

presence of liquid nitrogen and p mercaptoethanol. (50pl) in an okridge tube
> Added 4ml of 2X CTAB extraction buffer
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> Transferred the homogenized sample into an autoclaved 50ml centrifuge tube

which contains 3ml of pre-warmed extraction buffer

> Mixed well and incubated the mixture at 65° c for 30 minutes with occasional

mixing by gentle inversion.

> Added equal volume of chloroform: isoamyl alcohol (24:1) and mixed well by

slight shaking to emulsify.

> Centrifuged at 10,000 rotation per minute for fifteen minutes at 4°c
> After spinning, contents get separated into three distinct layers.

Aqueous topmost layer - DNA

Interphase - Fine particles, cell debris, and emulsified protein

Lower layer - chloroform and pigments

> Transferred the top most aqueous layer to a clean centrifuge tube and added

1/10^'' volume of 10 per cent CTAB solution and equal volume of chloroform;

isoamyl alcohol (24:1) and mixed by gentle shaking

> Centrifuged at 10,000 rotation per minute for fifteen minutes at 4°c
> Transferred the transparent content phase into a clean centrifuge tube and

added 0.6 volume of pre chilled isopropanol and mixed by quick gentle

inversion till the DNA precipitated. Kept at -20° for half an hour for complete

precipitation

> Centrifuged at 10,000 rpm for 15 minutes at 4°c and poured off supernatent

> Added 70 per cent ethanol to DNA pellet

> Spun for 5 minutes at 8000 rpm and discarded the ethanol

> Air dried the pellet, dissolved in 50pl of autoclaved distilled water and stored

at -20°c

3.2.2,1 Purification of DNA

The DNA isolated had RNA contamination which was purified by RNase treatment

and further precipitated
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Reagents

1.Chilled isopropanol

2. 70% ethanol ' ^

3. TE buffer

4. Chloroform: isoamyl alcohol (24:1, v/v)

One percent RNase was prepared by dissolving RNase in autoclaved distilled water.

The solution was suspended into aliquots and stored at -20°c

Procedure

>  To 100 pi DNA sample, added RNase solution (2pl) and incubated at 37°c in

hot water bath for 45 minutes

>  Added equal volume of chloroform: isoamyl alcohol (24:1) mixture and mixed

gently

>  Centrifuged at 10,000 rpm for 15 minutes at 4''c
>  Transferred the transparent layer into a fresh micro centrifuge tube and added

same volume of chloroform : isoamylalcohol (24:1)

>  Centrifuged at 10,000 rpm for 15 minutes at 4''c
>  Transferred the aqueous phase into a fresh mlcrofuge tube and added 0.6

volume of chilled iso propanol and mixed by gentle inversion till the DNA was

precipitated. Kept at -20\ for half an hour for complete precipitation

>  Centrifuged at 10,000 rpm for 15 minutes at 4^0

>  Gently poured off the supernatant and washed the pellet with 70 per cent

ethanol

>  Air dried the pellet, dissolved in autoclaved distilled water and stoted at -20'^c
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3.2.2.2 Quantification of DNA

3.2.2,2.1 Assessment of quality and quantity of DNA by electrophoresis

The quantity and quality of isolated DNA were evaluated through agarose gel

electrophoresis (sambrook et al 1989)

Materials used for agarose gel electrophoresis

I  Agarose

II 50X TAE buffer ( p" 8.0)

III Tracking/ loading dye (6X)

IV Ethidium bromide

V  Electrophoresis unit, power pack, gel casting tray and comb

VI UV transilluminator

VII Gel documentation and analysis system

Procedure

>  The gel was made by sealing the ends with cello strip. The comb was positioned

in gel tray about one centimeter at one end of the tray and positioned the comb

vertically

>  Prepared 0.8 per cent agarose (0.8g in lOOml) in a conical flask with 100ml IX

TAE buffer. Microwaved for 45 to 50 seconds, complete melting of agarose

looks clear.

>  Cool the solution to about 42 to 45^* prior to pouring. After cooling Ethidium

bromide (0.5pg/ml) was added

>  Poured this warm gel into the plate to the depth of about 5mm and allowed to

gel to solidify for about 30 to 45 minutes in room temperature

>  Gently removed the comb and cello tape used for sealing, placed the gel

containing tray in electrophoresis compartment and covered and IX TAE buffer

added to the chamber upto top of the gel
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>  Samples were prepared for loading by adding 3pl of 6X loading dye for 2pl of

sample. Mixed gently and loaded 5pl of DNA per well. Loaded ?^DNA/ Hind III

+£coRI double digest (lOOObp) in one lane.

>  Electrophoresed at 100 volts until dye has migrated two thrd the length of the

gel

>  Intact DNA appeared as orange fluroscent bands when viewed under UV

transilluminator. If degraded, it will appeared as because of the presence of a

large number of bands, which differ in one or two bases.

>  The image was documented and saved in gel documentation system.

3.2.2.2.2 Assessing the quality and quantity of DNA by nanodrop

spectrophotometer

The purity of DNA was further cheked by using NanoDrop ND - 1000

spectrophotometer. Nucleic acid shows absoption maxima at 260nm where as

proteins show peak absorbance was recorded both wave length and purity of DNA

was indicated by the ratio OD260/OD280. The values between 1.8 to 2.0 indicate that

the DNA was pure and free from proteins. The quantity of DNA was calculated using

the relation 1 OD260 is equivalent to 50pg double standard DNA/ml sample.

1 OD at 260nm = 50pg DNA/ml

Therefore OD 26O 50 gives the quantity of DNA pg/ml.

Procedure for nanodrop spectrophotometer

>  Connected nanodrop spectrophotometer to the system and opened operating

software ND-100

>  Select the option Nucleic acid.

>  Opened the sampling arm and pippeted 2|il of distilled water onto the lower

measurement platform.
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>  Sampling arm was closed and spectral measurement initiated by using operating

software on the PC. The sample was mechanically drawn between top and

bottom pedestals and spectra of sample were made.

>  Set the reading to zero with sample blank.

>  Ipl sample was pipetted onto measurement pedestal and selected measure.

>  After completion of measurement, opened the pedestal arm and clean the

sample from both the top and bottom pedestals using tissue paper. Cleaning of

sampling arm prevented sample carryover for further successive measurements.

3.2.3 Analysis of Capsanthin capsorubin synthase gene

3.2.3.1 Analysis oi Capsanthin capsorubin synthase gene by gene specific primers

Analysis of Capsanthin capsorubin synthase gene in seven chilli genotypes

(Byadagi Kaddi, Byadagi Dabbi, Ujwala, Anugraha, Vellayani Samrudhi, Vellayani

Thejus, and CC8-1) was carried out with two SSR gene specific primers viz. Cos Cds

and Cos promoter (Jdh\Q\). (Li et ai, 2013)

3.2.3.2 Details of gene specific primers used forCcs gene analysis

SI. No primer Forward Sequence (5' to 3') Reverse Sequence (5' to 3')

1 Ccs cds 5 '-CCTTTTCCATCTCCTTTACTTTCCATT-3' 3'-AAGGCTCTCTATTGCTAGATTGCCCAG-5'

2

Ccs

promoter 5' -TTGA ACCTCCTTGATAA AA-3' 3'- GGAAAGTAAAGGAGATGGA-5'

Tablel. Details of SSR Ccs gene specific primers used for DNA amplification

5/^
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3.2.3.3 Analysis of Ccs gene using Ccs Cds primer

Good quality DNA (30-40 ng/pl) isolated from seven chilli genotypes using

CTAB method and amplification was amplified using Ccs cds primer as per the

procedure reported by Li et aL, (2013). The amplification was done in a Proflex

Thermal Cycler. PGR reactions were performed using 20 pi reaction mixture.

Composition of the reaction mixture for PGR (20 pi)

Materials Quantity (pi)

a) Genomic DNA (30 ng/pl) -2.0

b) lOX taq assay buffer B -2.0

c) MgCb -2.0

d) dNTPs -1.5

e) Taq DNA polymerase (lU/ pi) -0.4

f) Primer -1.5

g) Autoclaved distilled water -10.6

Total volume 20.0 pi

A master mix with all reagents for the required number of reactions was

prepared and aliquots were dispensed into PGR tubes followed by addition of

template DNA in each tube. One tube without template DNA was kept as blank.The

PGR tubes were kept in the thermal cycler and the program as shown below was run
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Stepl: 94^ C for 4 min - Initial denaturation

Step2: 94^ C for 30 sec - Denaturation

Step3: 56° C for 30 sec - Primer annealing

Step4: 72° C for 30 sec - Primer extension

Step5: 72°C for 10 min - Final elongation

Step6: 4°C for infinity to hold the sample

The amplification was done in a (proflex) thermal cycler. PGR reaction was

performed using 20pl reaction mixture. The amplified PGR samples were run on 1.8

per cent agarose gel using 50X TAE buffer. The gel was stained with ethidium

bromide along with marker (lOObp - Ikb ladder). Electrophoresis was performed at

70 volts for two hours. The gel picture was visualized and documented using gel

documentation system.

3.2.3.4 Analysis of Cos gene using Cos Promoter primer

Good qualityDNA (30-40 ng/pl) isolated from seven chilli genotypes using GTAB

method were amplified using Ccspromoter primer. Amplification was carried out in

a Proflex Thermal Gycler. The PGR reactions were performed using 20 pi reaction

mixture, composition of master mix are provided in page no 34.
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Composition of the reaction mixture for PGR (20 pi)

Materials Quantity (pi)

a) Genomic DNA (30 ng/pl) -2.0

b) lOX taq assay buffer B -2.0

c) MgCb -2.0

d)dNTPs -1-5

e) Taq DNA polymerase (lU/ pi) -0.4

f) Primer -1.5

g) Autoclaved distilled water -10-6

Total volume 20.0 pi

A master mix with all reagents for the required number of reactions was

prepared first and aliquots were dispensed into PGR tubes followed by addition of

template DNA in each tube. One tube without template DNA was kept as blank.The

PGR tubes were kept in the thermal cycler and the programme as shown below was

run:

Stepl:94®Cfor7min - Initial denaturation

Step2: 94°G for 30 sec - Denaturation

Step3:47®C30sec - Primer annealing

Step4:12^ C for 30 sec - Primer extension

Step5; 72° G for 10 min - Final elongation

Step6: 4° G for infinity to hold the sample
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Electrophoresis was performed at 70 volts for two hours. The gel picture was

visualized and documented using gel documentation system.

3.2.3.5 Sequencing of PCR products

Two sets of PCR products, (1) amplified using Ccs Cds primer of seven chilli

genotypes, (2) amplified using Ccs promoter primer of seven genotypes, confirmed to

yield only single band on electrophoresis, were further sent for sequencing.

Sequencing was carried out by outsourcing in Sci Genome Lab. Pvt. Ltd., Cochin.

3.2.4 DNA Sequence analysis

The DNA sequences obtained from Scigenom Biotech lab, Cochin were

analyzed using BLASTN, BLASTX, CDD, ORE etc. Multiple sequence alignment of

full length coding sequence cds was done by BioEdit software.

BLASTN program compares query nucleotide sequences to reference

nucleotide sequence from databases and calculates the statistical significance.

BLASTX is generally used to find protein coding genes in genomic DNA or to

identify proteins encoded by transcripts

ORE finder was used to find out the number of open reading frames present in

the coding sequence and to find out the proteins coded by ORFs by doing blast.

Conserved Domain Database (CDD) is a protein annotation resource that

contains well-annotated multiple sequence alignment information for ancient domains

and full-length proteins. CDD was used for fast identification of conserved domains

in protein sequences and provide insights into sequence/structure/function

relationships.

3.2.4.1 BioEdit

BioEdit is a biological sequence editor that runs in Windows

95/98/NT/2000/XP and is proposed to provide basic functions for protein and nucleic

SS
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acid sequence editing, alignment, manipulation and analysis. It provides many quick

and easy functions for sequence editing, annotation and manipulation, as well as a

few links of external sequence analysis programs. Sequence alignments of more than

100Mb have been edited on the desktop with good efficiency. BioEdit is spontaneous,

menu-driven, and extremely graphical and offers a graphical interface for users to run

external analysis programs.

Procedure for BioEdit

Opened the BioEdit software from server and imported the sequences in PASTA

format by clicking on file and opened option and highlighted the sequences using the

Edit Menu. All selected sequences aligned by using clustalw, a new window was

appeared and, selected the first sequence present in new window, and opened feature

window to edit query features. Coloring of the particular region was done and

visualized by view- graphical features. By using first sequence as template, annotated

the other sequences. All annotated sequences selected to remove gaps in the

sequence by Sequence gaps and degap options and saved the file in PASTA format

and saved the sequence in MS word which can be used for Blast analysis.

3.2.5 Elucidation of carotenoid metabolic pathway for production of capsanthin

and capsorubin

Carotenoid metabolic pathway of chilli was downloaded from STRING

pathway data base was used for elucidation of pathway. Analysis of pathway was done

for the number of genes and enzymes involved.

3.2.5.1 Transcriptome data mining and analysis

In the study, a general search was performed for the retrieval of fruit ESTs from

Capsicum annum and fifty ESTs were downloaded from NCBl dbEST database. The

sequences were subjected to cleaning for the removal of vector contaminants and

splice sites using SeqClean and Phrap programme and valid sequences were selected
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for analysis. Assembly of the selected EST sequences was done using genome

assembler and significant contigs were selected.

3.2.5.2 Metabolic network analysis

3.2.5.2.1 Cytoscape

Cytoscape is an open source community software project used for integrating

high troghput expresion data and other molecular state information with biomolecular

interaction networks for analysis and visualization. Core software provides central

functionality to design and query the network and to visually integrate the network

with state data.

It is powerful when utilized in conjugation with large protein-protein, protein

-DNA and genetic interaction databases avilable for humans and model organisms.

Based on these interactive partners and their confidence scores, protein-protein

interaction network for the genes related to carotenoid metabolic pathway were

constructed using Cytoscape, an open source platform for the analysis and

visualization of complex biomolecular interaction networks with high throughput

gene expression data and other molecular states.

3.2.5.3 Procedure for Cytoscape

3.2.5.3.1 Loading of Interaction Data:

Network data prepared in tab-delimited file containing genetic interaction and

functional annotations formed the basic data for analysis. Imported the data file into

cytoscape screen provided a preview that showed configuration spontaneously and

generated network on network view window.

Co
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3.2.5.3.2 Network Editing

Network editing was done to build and modify the network interactions within the

network. The network was edited by right-clicking on the network window; a new

node was added to the network. Edges were added, by right-clicking on a node, then

target node was selected and new edge was added between the two nodes. In same

way annotation objects like shapes, pictures were added.

3.2.5.3.3 Organize the Network

Organization of network was performed by edge-weighted spring-embedded layout,

reorganizing the network such that densely connected nodes are positioned close to

each other, whereas disconnected nodes were spread farther apart.

3.2.5.3.4 Adjust the Visual Style of the Network

Adjusted network visualization style and colour by setting background color to black

and changed the image edges into white and semitransparent, and made nodes into

small, round shape by using control panel VizMapper.

3.2.5.3.5 Generation of Network clusters

The highly interconnected sub graphs for all the networks were analyzed using

Molecular Complex Detection (MCODE) module. It is an automated method to find

highly interconnected subgraphs as molecular complexes or sub networks from a

whole network.

Final visualization of the network was performed manually by using a vector graphic

editor such as Adobe Illustrator by exporting the network from Cytoscape into an

editable PDF file view as graphics PDF File (*.pdf) and saved the file by specifying

name and location.

(91
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4. RESULTS

The study on "Analysis of Capsanthin-capsorubin synthase gene in Byadagi

chilli {Capsicum anmium L.) and elucidation of carotenoid metabolic pathway." was

carried out at the CPBMB. College of Horticulture, Vellanikkara during the period

2014 - 2016. The results of various aspects of the study are described in this chapter.

The research works included mainly analysis of Capsanthin - capsonibin

synthase gene in Byadagi chilli {Capsicum anmium L.) and elucidation of carotenoid

metabolic pathway. Seven genetically distinct chilli varieties /accessions selected

based on colour at fully ripe fruit stage formed the study material. The genotypes

studied were Byadagi Kaddi, Byadagi Dabbi, Ujwala, Anugraha, Vellayani

Samrudhi, Vellayani Thejus, and CC8-1. Two gene specific primers of Ccs gene

reported by (Li et.ah 2013) was used for PGR amplification. The PGR amplified

products were sequenced and analysis of Gcs gene was done. Elucidation of

metabolic pathway and metabolic network analysis were also attempted.

4.1 Genomic DNA isolation from different chilli genotypes

4.1.1 Source of DNA

Genomic DNA was isolated from the young tender leaf collected from potted

plants of different genotypes maintained at centre for plant Biotechnology and

Molecular Biology (CPBMB), Gollege of Horticulture, Vellanikara. As reported

young green coloured leaves gave good quality of DNA.

4.1.2 Isolation and purification of DNA

Genomic DNA isolated through the GTAB method developed by Rogers and Bendich

(1994) was not pure and had RNA contamination. However RNase treatment after the

DNA isolation resulted in good quality of DNA (Plate 2).
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Plate 2. DNA samples from seven genotypes

M- Marker, K - BYADAGI KADDI, D - BYADAGI DABBI, U - UJWALA,

A -ANUGRAHA, S -VELLAYANI SAMRUDHI, T- VELLAYANI THEJUS, CC8-1
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4.2 Quantification of DNA

The quality and quantity of isolated DNA were analyzed using electrophoresis

and Nanodrop ND - 1000 spectrophotometer. Intact clear bands indicated that DNA

was not degraded and was of good quality. The ratio of absorbance of the DNA

isolated ranged from 1.5 to 2.1, which indicated that the quality of DNA was

good(Table2). Appropriate dilutions of DNA were made and used as template

fovCapsanthin capsonibin synthase gene analysis in different genotypes.

Table 2. Quality and quantity of DNA estimated using NanoDrop spectrometer

Genotypes

Absorbance

at 260 nm

(Aieo)

Absorbance

at 280 nm

(A280)

Cone (ng/pl) OD260/280

Byadagi Kaddi 86.33 48.77 2213.71 1.82

Byadagi Dabbi 67.12 32.47 2098.11 1.89

Ujwala 73.49 38.87 3126.27 1.85

Anugraha 82.76 47.65 2134.76 1.83

Vellayani samrudhi 51.78 24.54 2986.27 1.91

Vellayani ihejus 63.12 30.32 2454.76 1.84

CC 8-1 76.87 41.61 3198.23 1.88

4.3 Analysis of Capsanthin capsorubin synthase gene

Two gene specific primers viz., Ccs cds and Ccs Promoter reported by Li et

al. (2013) were used for Capsanthin Capsorubin synthase {Ccs) gene analysis.

Amplification was checked using bulked DNA from seven chilli genotypes.
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4.3.1 Amplification of Ccs gene in different chilli genotypes using Ccs cds primer

Amplification using Ccs cds primer was attempted in seven chilli genotypes

to analyze the amplification pattern of Capsanthin capsorubin synthase gene in the

seven genotypes. Ccs gene was found amplified in all the seven genotypes. Clear

distinct band of size 1.5kb was observed in all the genotypes. The Ccs gene also

found amplified in the yellow fruited genotype CC8-1. The amplification profile is
presented in (Plate 3).

4.3.2 Amplification of Ccs gene in different chilli genotypes using Ccs promoter

primer

PCR was performed to analyze the amplification of Ccs promoter primer of

Capsanthin capsorubin synthase gene in the seven chilli genotypes. In all genotypes

Ccs promoter sequence got amplified. Byadagi kaddi, Byadagi Dabbi, Ujwala,

Anugraha, Vellayani Samrudhi produced 920bp as repoted by (Liet a/.,2013).
However vellayani Thejus and CC8-1 produced 1200bp bands. Amplification profile

was presented in (Plate4)

4.4 Sequencing of PCR products

Two sets of PCR products, (1) amplified using Ccs Cds primer of seven chilli

genotypes, (2) amplified using Ccs promoter primer of seven genotypes confirmed to

yield only single band on electrophoresis, were further sent for sequencing.
Sequencing was carried out by outsourcing in Sci Genome Lab. Pvt. Ltd., Cochin.

The sequences obtained from sci genome shown in (Table3)



M: Marker (lOObp plus), (100- 3000bp) B: Blank

K: ByadagiKaddi, D: ByadagiDabbi, U: Ujwala, A: Anugraha, S: VeliayaniSamrudhi, T:
VellayaniThejus, CC: CC8-1

Plate3. DNA amplification in Chilli genotypes with SSR gene specific primer Ccs cds

K b U A s T«. c
fnif» — —

920bp

s

1200bp

M: Marker (100bp),(100-1500bp) B: Blank

K: ByadagiKaddi, D; ByadagiDabbi, U: Ujwala, A: Anugraha, S: VeliayaniSamrudhi, T:
VellayaniThejus, CC: CC8-1

Plate 4. DNA amplification in Chilli genotypes with SSR gene specific primer Ccs promoter
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Genotypes Expected Size of Ccs

cds amplicon (bp)

Size of the PCR product sequence

(bp) with Ccs cds primer

Byadagi Kaddi 1497 1392

Byadagi Dabbi 1497 1410

Ujwala 1497 1383

Anugraha 1497 1404

Vellayani samrudhi 1497 1389

Vellayani thejus 1497 1425

CC 8-1 1497 1416

Table3: Size of the PCR products obtained in different chilli genotypes

The DNA sequences obtained from Scigenom Biotech lab. Cochin were

analyzed using BLASTN, BLASTX, ODD, ORF etc. Multiple sequence alignment of
full length coding sequence was done using clustalX software.

The sequences generated from each genotypes are furnished here under:

1. Byadagi Kaddi
ATGGAAACCCTTCTAAAGCCrrrTCCATCTCCTTTACTTTCCATTCCTACTCCTAACATGTATAGnrCAA
ACACAACTCCACTTTTCCAAATCCAACCAAACAAAAAGATTCAAGAAAGTTCCATTTTAGAAACAAAA
GCAGTACACATTTTTGTAGCTTTCTTGATTTAGCACCCACATCAAAGCCAGAGTCTTTAGATGTTAACAT
CTCATGGGTTGATACTGATCTGGACGGGGCTGAATTCGACGTGATCATCATTGGAACTGGCCCTGCCGG
GCTTCGGCTAGCTGAACAAGTTTCTAAATATGGTATTAAGGTATGTTGCGTTGACCCTTCACCACTTTCC
ATGTGGCCAAATAATTATGGTGTTTGGGTTGATGAGTTTGAAAAGTTGGGATTAGAAGATTGTCTAGAT
CATAAGTGGCCTGTGAGTTGTGTTCATATAAGTGATCACAAGACTAAGTATTTGGACAGACCATATGGT
AGAGTAAGTAGAAAGAAGTTGAAGTTGAAATTGTTGAATAGTTCTGTTGAAAATAGAGTGAAGTTTTA

TAAAGCCAAGGTTTTGAAAGTGAAGCATGAAGAATTTGAGTCTTCGATTGTTTGTGATGATGGTAGGAA
GATAAGCGGTAGCTTGATTGTTGATGCAAGTGGCTATGCTAGTGATTTTATAGAGTATGACAAGCCAAG
AAACCATGGTTATCAAGTTGCTCATGGGATTTTAGCAGAAGTTGATAATCATCCATTTGATTTGGATAA
AATGATGCTTATGGATTGGAGGGATTCTCATTTAGGTAATGAGCCATATCTGAGGGTGAAGAATACTAA
AGAACCAACATTCTTGTATGCAATGCCATnGATAGGAATTTGGTATTCTTGGAAGAGACTTCTTTAGT
GAGTCGGCCTATGTTATCGTATATGGAAGTGAAAAGAAGGATGGTAGCAAGATTAAGACAriTGGGGA
TCAAAGTGAGAAGTGTCCTTGAGGAAGAGAAGTGTGTGATCACTATGGGAGGACCACITCCGCGGATT

CCTCAAAATGrrATGGCTATTGGTGGGACTTCAGGGATAGTTCATCCATCGTCTGGGTACATGGTGGCT
CGTAGCATGGCATTGGCACCAGTACTGGCTGAGGCCATCGTCGAAAGCCTTGGCTCAACAAGAATGAT
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AAGAGGGTCTCAACTrrACCATAGAGTTTGGAATGGm-GTGGCCTTCGGATAGAAGACGTGTTAGAGA
ATGTTATTGTTTCGGAATGGAGACnTGTTAGAGCTTGATTTGGAAGGTACTAGGAGArrGrrTGATGCT
TTCTrTGATGTTGATCCCAAGTACTGGCACGGGTTCCTTTCTTCAAGATTGTCTGTCAAAGAACTTGCTG

TACTCAGTTTG

2. Byadagi Dabbi
ATGGAAACCCrrCTAAAGCCmTCCATCTCCTTTACnTCCATTCCTACTCCTAACATGTATAGTTTCAA
ACACAACTCCACTTTTCCAAATCCAACCAAACAAAAAGATTCAAGAAAGTTCCATTATAGAAACAAAA
GCAGTACACATTTTTGTAGCTTTCTTGATTTAGCACCCACATCAAAGCCAGAGTCTTTAGATGTTAACAT
CTCATGGGTTGATACTGATCTGGACGGGGCTGAATTCGACGTGATCATCATTGGAACTGGCCCTGCCGG
GCTTCGGCTAGCTGAACAAGTTTCTAAATATGGTATTAAGGTATGTTGCGTTGACCCTTCACCACTTTCC
ATGTGGCCAAATAATTATGGTGTTTGGGTTGATGAGTTTGAAAAGTTGGGATTAGAAGATTGTCTAGAT
CATAAGTGGCCTGTGAGTTGTGTrCATATAAGTGATCACAAGACTAAGTATTTGGACAGACCATATGGT
AGAGTAAGTAGAAAGAAGrrGAAGTTGAAATTGTTGAATAGTTGTGTTGAAAATAGAGTGAAG I 1 1 IA
TAAAGCCAAGGTTTTGAAAGTGAAGCATGAAGAATTTGAGTCTTCGATTGTTTGTGATGATGGTAGGAA
GATAAGCGGTAGCTTGATTGTTGATGCAAGTGGCTATGCTAGTGATTTTATAGAGTATGACAAGCCAAG
AAACCATGGTTATCAAGTTGCTCATGGGATTTTAGCAGAAGTTGATAATCATCCATTTGATTTGGATAA

AATGATGCTTATGGATTGGAGGGATTCTCATTTAGGTAATGAGCCATATCTGAGGGTGAAGAATACTAA

AGAACCAACATTCrrGTATGCAATGCCAnTGATAGGAAnTGGTATTCTTGGAAGAGACTTCTTTAGT
GAGTCGGCCTATGTTATCGTATATGGAAGTGAAAAGAAGGATGGTAGCAAGATTAAGACATTTGGGGA
TCAAAGTGAGAAGTGTCCTTGAGGAAGAGAAGTGTGTGATCACTATGGGAGGACCACTTCCGCGGATT

CCTCAAAATGTTATGGCTATTGGTGGGACTTCAGGGATAGTTCATCCATCGTCTGGGTACATGGTGGCT

CGTAGCATGGCATTGGCACCAGTACTGGCTGAGGCCATCGTCGAAAGCCTTGGCTCAACAAGAATGAT

AAGAGGGTCTCAACrTTACCATAGAGTTrGGAATGGTTTGTGGCCrrCGGATAGAAGACGTGTTAGAGA

ATGTTATTGTTTCGGAATGGAGACTTTGTTAGAGdTGATTTGGAAGGTACTAGGAGATTGTTTGATGCT

TTCTTTGATGTTGATCCCAAGTACTGGCACGGGTTCCnTCTTCAAGATTGTCTGTCAAAGAACTTGCTG

TACTCAGTTTGTACCTTTTTGGACATGCC

3. Ujwala
ATGGAAACCCTTCTAAAGCCTnTCCATCTCCTTTACTTrCCATTCCTACTCCTAACATGTATAG-nTCAA

ACACAACTCCACTTTTCCAAATCCAACCAAACAAAAAGATTCAAGAAAGTTCCATTATAGAAACAAAA

GCAGTACACATTTTTGTAGCTTTCTTGATTTAGCACCCACATCAAAGCCAGAGTCTTTAGATGTTAACAT

CTCATGGGTTGATACTGATCTGGACGGGGCTGAATTCGACGTGATCATCATTGGAACTGGCCCrGCCGG

GCTTCGGCTAGCTGAACAAGTTTCTAAATATGGTATTAAGGTATGTTGCGTTGACCCTTCACCACI I ICC

ATGTGGCCAAATAATTATGGTGTTTGGGTTGATGAGTTTGAAAAGTTGGGATTAGAAGATTGTCTAGAT

CATAAGTGGCCTGTGAGTTGTGTTCATATAAGTGATCACAAGACTAAGTATTTGGACAGACCATATGGT

AGAGTAAGTAGAAAGAAGTTGAAGTTGAAATTGTTGAATAGTTGTGTTGAAAATAGAGTGAAGl I I IA

TAAAGCCAAGGTTTTGAAAGTGAAGCATGAAGAATTTGAGTCTTCGATTGTTTGTGATGATGGTAGGAA

GATAAGCGGTAGCTTGATTGTTGATGCAAGTGGCTATGCTAGTGATI l IATAGAGTATGACAAGCCAAG
AAACCATGGTTATCAAGTTGCTCATGGGATTTTAGCAGAAGrrGATAATCATCCATTTGATTTGGATAA

AATGATGCTTATGGATTGGAGGGATTCTCATTTAGGTAATGAGCCATATCTGAGGGTGAAGAATACTAA

AGAACCAACATTCTTGTATGCAATGCCATTTGATAGGAATTTGGTATTCTTGGAAGAGACTTCTTTAGT

GAGTCGGCCTATGTTATCGTATATGGAAGTGAAAAGAAGGATGGTAGCAAGATTAAGACATTTGGGGA

TCAAAGTGAGAAGTGTCCTTGAGGAAGAGAAGTGTGTGATCACTATGGGAGGACCACTTCCGCGGATT

n
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CCTCAAAATGTTATGGCTATTGGTGGGACTTCAGGGATAGTTCATCCATCGTCTGGGTACATGGTGGCT
CGTAGCATGGCATTGGCACCAGTACTGGCTGAGGCCATCGTCGAAAGCCTTGGCTCAACAAGAATGAT
AAGAGGGTCTCAACTTTACCATAGAGTTTGGAATGGTTTGTGGCCTTCGGATAGAAGACGTGTTAGAGA
atgttattgtttcggaatggagactttgttgaagcttgatttggaaggtactaggagattgtttgatgct
TTCTTTGATGTTGATCCCAAGTACTGGCACGGGTTCCTTTCTTCAAGATTGTCTGTCAAAGAACTTGCTG

TA

4. Anugraha
ATGGAAACCCTTCTAAAGCCmTCCATCTCCnTACTTTCCAITCCTACTCCTAACATGTATAGrrTCAA
ACACAACTCCACTTTTCCAAATCCAACCAAACAAAAAGATTCAAGAAAGTTCCATTATAGAAACAAAA
GCAGTACACATmTGTAGCTTTCTTGATTTAGCACCCACATCAAAGCCAGAGTCTTTAGATGTTAACAT
ctcatgggttgatactgatctggacggggctgaattcgacgtgatcatcattggaactggccctgccgg
GCTTCGGCTAGCTGAACAAGTTTCTAAATATGGTATTAAGGTATGTTGCGTTGACCCTTCACCACI I i CC
ATGTGGCCAAATAATTATGGTGnTGGGTTGATGAGTTTGAAAAGTTGGGATTAGAAGATTGTCTAGAT
CATAAGTGGCCTGTGAGTTGTGTTCATATAAGTGATCACAAGACTAAGTATTTGGACAGACCATATGGT

AGAGTAAGTAGAAAGAAGTTGAAGTTGAAATTGTTGAATAGTTGTGTTGAAAATAGAGTGAAGH I lA

TAAAGCCAAGGTnTGAAAGTGAAGCATGAAGAATTTGAGTCTTCGATTGTTTGTGATGATGGTAGGAA

GATAAGCGGTAGCTTGATTGTTGATGCAAGTGGCTATGCTAGTGATTTTATAGAGTATGACAAGCCAAG

AAACCATGGTTATCAAGTTGCTCATGGGATTTTAGCAGAAGTTGATAATCATCCATTTGATTTGGATAA

AATGATGCTTATGGATTGGAGGGATTCTCATTTAGGTAATGAGCCATATCTGAGGGTGAAGAATACTAA

AGAACCAACATTCTTGTATGCAATGCCATTTGATAGGAATTTGGTATTCTTGGAAGAGACTTCTTTAGT

GAGTCGGCCTATGTTATCGTATATGGAAGTGAAAAGAAGGATGGTAGCAAGATTAAGACATTTGGGGA

TCAAAGTGAGAAGTGTCCTTGAGGAAGAGAAGTGTGTGATCACTATGGGAGGACCACTTCCGCGGATT

CCTCAAAATGTTATGGCTATTGGTGGGACTTCAGGGATAGTTCATCCATCGTCTGGGTACATGGTGGCT

CGTAGCATGGCATTGGCACCAGTACTGGCTGAGGCCATCGTCGAAAGCCTTGGCTCAACAAGAATGAT

AAGAGGGTCTCAACTTTACCATAGAGTTTGGAATGGTTTGTGGCCTTCGGATAGAAGACGTGTTAGAGA

ATGTTATTGTrTCGGAATGGAGACTTTGTTGAAGCTTGATTTGGAAGGTACTAGGAGATTGTTTGATGCT

TTCTTTGATGTTGATCCCAAGTACTGGCACGGGTTCCl 1 ICTTCAAGATTGTCTGTCAAAGAACTTGCTG

TACTCAGTTTGTACCTTTTTGGA

5. Vellayani Samrudhi
ATGGAAACCCTTCTAAAGCCmTCCATCTCCTTTACTTTCCATTCCTACTCCTAACATGTATAGTTTCAA

ACACAACTCCACTTTTCCAAATCCAACCAAACAAAGAGATTCAAGAAAGTTCCATTCTAGAAACAAAA

GCAGTACACATTTTTGTAGCTTTCTTGATTTAGCACCCACATCAAAGCCAGAGTCTTTAGATGTTAACAT

CTCATGGGTTGATACTGATCTGGACCGGGCTGAATTCGACGTGATCATCATTGGAACTGGCCCTGCCGG

gcttcggctagctgaacaagtttctaaatatggtattaaggtatgttgcgttgacccttcaccactttcc

ATGTGGCCAAATAATTATGGTGTTTGGGTTGATGAGTTTGAAAAGTTGGGA1TAGAAGATTGTCTAGAT

CATAAGTGGCCTGTGAGTTGTGTTCATATAAGTGATCACAAGACTAAGTATTTGGACAGACCATATGGT

AG AGTA AGTAGAA AGAAGTTGAAGTTG A A ATTGTTG AATAGTTGTGTTGAAAATAG AGTG AAG I i I IA

TAAAGCCAAGGTTTTGAAAGTGAAGCATGAAGAATTTGAGTCTTCGATTGTTTGTGATGATGGTAGGAA

GATAAGTGGTAGCTTGATTGTTGATGCAAGTGGCTATGCTAGTGATTTTATAGAGTATGACAAGCCAAG

AAACCATGGTTATCAAGTTGCTCATGGGATTTTAGCAGAAGTTGATAATCATCCATTrGATTTGGATAA

AATGATGCTTATGGATTGGAGGGATTCTCATTTAGGTAATGAGCCATATCTGAGGGTGAAGAATACTAA

GAA-CCAACATTCTrGTATGCAATGCCATrrGATAGGAATTTGGTATTCTTGGAAGAGACTTCTTTAGTG

10
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agtcggcctatgttatcgtatatggaagtgaaaagaaggatggtagcaagattaagacatttggggat
CAAAGTGAGAAGTGTCCTTGAGGAAGAGAAGTGTGTGATCACTATGGGAGGACCACTTCCGCGGATTC
CTCAAATGTTATGGCTAT-GGTGGGACTTCAGGATAGTTCATCCATCGTCTGGGTACATGGTGGCTCGT
AGCATGGCATTGGCACCAGTACTGGCTGAGGCCATCGTCGAAAGCCTTGGCTCAACAAGAATGATAAG
AGGGTCTCAACTTTACCATAGAGTTTGGAATGGTrrGTGGCCTTCGGATAGAAGACGTGTTAGAGAATG
TTATTGTTTCGGAATGGAGACTTTGTTGAAGCTTGATTTGGAAGGTACTAGGAGATTGTTTGATGCTTTC
TTrGATGTTGATCCCAAGTACTGGCACGGGTTCCTTTCTTCAAGATrGTCTGTCAAAGAACTTGCTGTAC

TCAGT

6. Vellayani Thejus
ATGGAAACCCTTCTAAAGCCmrCCATCTCCTTTACTTrCCATrCCTACTCCTAACATGTATAGnTCAA
ACACAACTCCACTTTTCCAAATCCAACCAAACAAAGAGATTCAAGAAAGTTCCATTCTAGAAACAAAA
gcagtacacatttttgtagctttcttgatttagcacccacatcaaagccagagtctttagatgttaacat
CTCATGGGTTGATACTGATCTGGACCGGGCTGAATTCGACGTGATCATCATTGGAACTGGCCCTGCCGG
gcttcggctagctgaacaagtttctaaatatggaattaaggtatgttgcgttgacccttcaccactttcc
ATGTGGCCAAATAATTATGGTGTTTGGGTTGATGAGTTTGAAAAGTTGGGATTAGAAGATTGTCTAGAT

^  CATAAGTGGCCTGTGAGTTGTGTTCATATAAGTGATCACAAGACTAAGTATTTGGACAGACCATATGGT
AGAGTAAGTAGAAAGAAGTTGAAGTTGAAATTGTTGAATAGTTGTGTTGAAAATAGAGTGAAGTTTTA

taaagccaaggttttgaaagtgaagcatgaagaatttgagtcttcgattgtttgtgatgatggtaggaa
gataagtggtagcttgattgttgatgcaagtggctatgctagtgattttatagagtatgacaagccaag
AAACCATGGTTATCAAGTTGCTCATGGGATTTTAGCAGAAGrrGATAATCATCCATTTGATTTGGATAA

AATGATGCTTATGGA1TGGAGGGATTCTCATTTAGGTAATGAGCCATATCTGAGGGTGAAGAATACTAA

AGAACCAACATTCTTGTATGCAATGCCATTrGATAGGAATTTGGTATTCTTGGAAGAGACTTCTTTAGT

gagtcggcctatgttatcgtatatggaagtgaaaagaaggatggtagcaagattaagacatttgggga

TCAAAGTGAGAAGTGTCCTTGAGGAAGAGAAGTGTGTGATCACTATGGGAGGACCACTTCCGCGGATT

cctcaaaatgttatggctattggtgggacttcagggatagttcatccatcgtctgggtacatggtggct

CGTAGCATGGCATTGGCACCAGTACTGGCTGAGGCCATCGTCGAAAGCCTTGGCTCAACAAGAATGAT

AAGAGGGTCTCAACTrTACCATAGAGTTTGGAATGGTTTGTGGCCTTCGGATAGAAGACGTGrrAGAGA

ATGTTATTGTTTCGGAATGGAGACTTTGTTGAAGCTTGATTTGGAAGGTACTAGGAGATTGTTTGATGCT

TTCTITGATGTTGATCCCAAGTACTGGCACGGGTTCCTTTCTTCAAGATTGTCTGTCAAAGAACTTGCTG

^  TACTCAGTTTGTACCrmTGGACATGCCTCTAATTTGGCTAGG

7. CC8-I

ATGGAAACCCTTCTAAAGCCTTTTCCATCTCCnTACTTTCCATTCCTACTCCTAACATGTATAGrrrCAA

ACACAACTCCACTTTTCCAAATCCAACCAAACAAAGAGATTCAAGAAAGTTCCATTCTAGAAACAAAA

GCAGTACACATTTTTGTAGCTTTCTTGATTTAGCACCCACATCAAAGCCAGAGTCTTTAGATGTTAACAT

CTCATGGGTTGATACTGATCTGGACCGGGCTGAATTCGACGTGATCATCATTGGAACTGGCCCTGCCGG

'  GCTTCGGCTAGCTGAACAAGTTTCTAAATATGGAATTAAGGTATGTTGCGTTGACCCITCACCACI 1 iCC
ATGTGGCCAAATAATTATGGTGTTTGGGTTGATGAGTTTGAAAAGTTGGGATTAGAAGATTGTCTAGAT

CATAAGTGGCCTGTGAGTTGTGTTCATATAAGTGATCACAAGACTAAGTATTTGGACAGACCATATGGT

AGAGTAAGTAGAAAGAAGTTGAAGTTGAAArrGTTGAATAGTTGTGTTGAAAATAGAGTGAAGTTTTA

TAAAGCCAAGGnTrGAAAGTGAAGCATGAAGAATTTGAGTCTTAGATTGTTTGTGATGATGGTAGGAA

GATAAGTGGTAGCTTGATTGTTGATGCAAGTGGCTATGCTAGTGA l I 1 1ATAGAGTATGACAAGCCAAG

7)
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AAACCATGGTTATCAAGTTGCTCATGGGATTTTAGCAGAAGTTGATAATCATCCAnTGATTrGGATAA
aatgatgcttatggattggagggattctcatttaggtaatgagccatatctgagggtgaagaatactaa
agaaccaacattcttgtatgcaatgccatttgataggaatttggtattcttggaagagacttctttagt
GAGTCGGCCTATGTTATCGTATATGGAAGTGAAAAGAAGGATGGTAGCAAGATTAAGACAI 1 igggga
tcaaagtgagaagtgtccttgaggaagagaagtgtgtgatcactatgggaggaccacttccgcggatt
cctcaaaatgttatggctattggtgggacttcagggatagttcatccatcgtctgggtacatggtggct
cgtagcatggcattggcaccagtactggctgaggccatcgtcgaaagccttggctcaacaagaatgat
AAGAGGGTCTCAACTTTACCATAGAGnTGGAATGGTTTGTGGCCTTCGGATAGAAGACGTGTTAGAGA
ATGTTATTGTTTCGGAATGGAGACTTTGTTGAAGCrrGATTTGGAAGGTACTAGGAGATTGTTTGATGCT
TTCrrTGATGTTGATCCCAAGTACTGGCACGGGTTCCrrrCTTCAAGATTGTCTGTCAAAGAACrrGCTG

TACTCAGTTTGTACCTTTTTGGACATGCCTCTAAT

4.4.1 Analysis of Ccs gene sequence using BLASTn

The Blastn result of Ccs Cds gene sequences briefed in (Table4)

4.4.1.1 BLASTn analysis of sequence of Byadagi Kaddi

The sequences of Byadagi kaddi was analysed using BLASTn programme.

The result showed that the sequence of Byadagi kaddi showed 99 per cent similarity

with Ccs gene accession KM037690.1 (Figla) a Capsicum annuum cultivar landrace

Velarde, Capsanthin capsonibin synthase gene C-aliele, complete cds.

4.4.1.2 BLASTn analysis of sequence of Byadagi Dabbi

The sequences of Byadagi dabbi was analysed using BLASTn programme.

The result showed that the sequence of Byadagi dabbi showed 99 per cent similarity

with Ccs gene accession KM037690.1 (Figlb) a Capsicum annuum cultivar landrace

Velarde, Capsanthin capsorubin synthase gene C-allele, complete cds.

4.4.1.3 BLASTn analysis of sequence of Ujwala

The sequence of Ujwala was analysed using BLASTn programme. The result

showed that the sequence of Ujwala showed 100 per cent similarity with Ccs gene

accession KM037687.1 (Figlc) a Capsicum annuum cultivar landrace Jemez,

Capsanthin capsorubin synthase (Ccs) gene complete cds.
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4.4.1.4 BLASTn analysis of sequence of Anugraha

The sequences of Anugraha was analysed using BLASTn programme. The
result showed that the sequence of Anugraha showed 100 per cent similarity with Cos

gene accession KM037687.1 (Figld) a Capsicum annuum cultivar landrace alcalde,
Capsanthin capsorubin synthase gene f-allele, complete cds.

4.4.1.5 BLASTn analysis of sequence of Vellayani Samrudhi

The sequence of Vellayani Samrudhi was analysed using BLASTn programme. The
result showed that the sequence of Vellayani Samrudhi had shown 99 per cent

similarity with Ccs gene accession KM037693.1 (Figle) a Capsicum annuum cultivar
landrace alcalde, Capsanthin capsorubin synthase gene f-allele, complete cds.

4.4.1.6 BLASTn analysis of sequence of Vellayani Thejus

The sequences of Vellayani Thejus were analysed using BLASTn programme.

The result showed that the sequence of Vellayani Thejus showed 99 per cent

similarity with Ccs gene accession KM037693.1 (FiglO a Capsicum annuum cultivar

landrace alcalde, Capsanthin capsorubin synthase gene f-allele, complete cds.

4.4.1.7 BLASTn analysis of sequence of CC8-1

The sequences of CC8-1 were analysed using BLASTn programme. The

result showed that the sequence of CC8-1 showed 99 per cent similarity with Ccs

gene accession KM037693.I (Figlg) a Capsicum annuum cultivar landrace alcalde,
Capsanthin capsorubin synthase gene f-allele, complete cds.
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4.4.2.1 Analysis of Ccs gene sequence using BLASTX

The Blastx result of Ccs gene sequences briefed in (Tab!e5)

4.4.2.1.1 BLASTX analysis of sequence of Byadagi Kaddi

The sequences of Byadagi kaddi was analysed using BLASTX programme.

The result showed that the sequence of Byadagi kaddi had shown 99 per cent

similarity with amino acid sequence of Ccs gene in the accession Q42435.1 shown in

(Fig2a) a Capsanthin/capsorubin synthase, chromoplastic enzyme catalyzes 5,6-

epoxycarotenoids antheraxanthin and violaxanthin to form capsanthin and

capsorubin.

4.4.2.1.2 BLASTX analysis of sequence of Byadagi Dabbi

The sequences of Byadagi Dabbi were analysed using BLASTX programme.

The result showed that the sequence of Byadagi Dabbi had shown 99 per cent

similarity with amino acid sequence of Ccs gene in the accession Q42435.1 shown in

(Fig2b) a Capsanthin capsorubin synthase, chromoplastic enzyme catalyzes 5,6-

epoxycarotenoids antheraxanthin and violaxanthin to form capsanthin and

capsorubin.

4.4.2.1.3 BLASTX analysis of sequence of Ujwala

The sequence of variety Ujwala was analysed using BLASTX programme.

The result showed that the sequence of Ujwala had shown 99 per cent similarity with

amino acid sequence of Ccs gene in the accession Q42435.1 shown in (Fig2c) a

Capsanthin/capsorubin synthase, chromoplastic enzyme.

4.4.2.1.4 BLASTX analysis of sequence of variety Anugraha

The sequence of variety Anugraha was analysed using BLASTX programme.

The result showed that the sequence of Anugraha had shown 100 per cent similarity

with
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amino acid sequence of Ccs gene in the accession Q42435.i shown in {Fig2d) a
Capsanthin capsorubin synthase, chromoplastic enzyme.

4.4.2.1.5 BLASTX analysis of sequence of Vellayani Samrudhi

The sequence of variety Vellayani samrudhi was analysed using BLASTX

programme. The result showed that the sequence of Vellayani samrudhi had shown

99 per cent similarity with amino acid sequence of Ccs gene in the accession

NP 001311998.1 (Fig2e) Capsicum annuum cultivar specific capsanthin capsorubin

synthase, chromoplastic protein contains 498 amino acids sequence involved

incarotenoid biosynthetic process

4.4.2.1.6 BLASTX analysis of sequence of Vellayani Thejus

The sequence of variety Vellayani Thejus was analysed using BLASTX

programme. The result showed that the sequence of Vellayani Thejus had shown 99

per cent similarity with amino acid sequence of Ccs gene in the accession

NP00I311998.1 (Fig2f) Capsicum annuum cultivar specific capsanthin capsorubin

synthase, chromoplastic protein contains 498 amino acids sequence involved in

carotenoid biosynthetic process

4.4.2.1.7 BLASTX analysis of sequence of CC8-1

The sequence of accession CC8-lwas analysed using BLASTX programme.

The result showed that the sequence of CC8-lhad shown 99 per cent similarity with

amino acid sequence of Ccs gene in the accession NP00I311998.1 shown in (Fig2g)

Capsicum annuum cultivar specific capsanthin capsorubin synthase, chromoplastic

protein contains 498 amino acids sequence involved in carotenoid biosynthetic

process
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Fig 2e: BLASTX of Vellayani Samrudhi Ccs cds gene sequence showing 99 per cent
similarity with Ccs gene accession NP001311998.1
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Fig 2f: BLASTX of Vellayani Thejus Ccs cds gene sequence showing 99 per cent
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4.4.3 Analysis of Ccs gene sequences using conserved domain database (CDD)

The CDD result of Ccs gene sequences briefed in (Table6)

4.4.3.1 CDD analysis of sequence of Byadagi kaddi

Analysis of Byadagi kaddi sequence carriedout for the presence of conserved

domain by using CDD (conserved domain database). The sequence contain conserved

domain Lycopene beta cyclase or carotene cyclase, spanned from 157 to 1392bp.

(Fig3a) Conserved domain comes under NADB Rossmann super family. It catalyzes

the biosynthesis of p-carotene and its derivatives.

4.4.3.2 CDD analysis of sequence of Byadagi Dabbi

Analysis of Byadagi dabbi sequence carriedout for the presence of conserved

domain by using CDD (conserved domain database). The sequence contain conserved

domain Lycopene beta cyclase or carotene cyclase, spanned from 157 to HlObp

(Fig3b) Conserved domaincome under NADB Rossmann super family. It catalyzes

the biosynthesis of P-carotene and its derivatives.

4.4.3.3 CDD analysis of sequence of Ujwala

Analysis of Ujwala sequence carriedout for the presence of conserved

domain by using CDD (conserved domain database). The sequence contain conserved

^  domain Lycopene beta cyclase or carotene cyclase, spanned from 157 to 1383bp.
(Fig3c) Conserved domaincome under NADB Rossmann super family. It catalyzes

the biosynthesis of p-carotene and its derivatives.

4.4.3.4 CDD analysis of sequence of Anugraha

Analysis of Anugraha sequence carriedout for the presence of conserved

domain by using CDD (conserved domain database). The sequence contain conserved

domain Lycopene beta cyclase, spanned from 157 to 1404bp. (Fig3d) Conserved

domaincome under NADB Rossmann super family. It catalyzes the biosynthesis of

p-carotene and its derivatives.

^2.
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4.4.3.5 CDD analysis of sequence of Vellayani samrudhi

Analysis of Vellayani samrudhi sequence carriedout for the presence of

conserved domain by using CDD (conserved domain database). The sequence

contains Rossmann-family NAD(P) proteins; (157-1386) (Fig3e) this family contains

large number of proteins with NADB binding domain. The NADB domain was

present in various biological pathways such as glycolysis, and several other redox

enzymes.

4.4.3.6 CDD analysis of sequence of Vellayani Thejus

Analysis of Vellayani Thejus sequence carriedout for the presence of

conserved domain by using CDD (conserved domain database). The sequence contain

conserved domain Lycopene beta cyclase or carotene cyclase, spanned from 157 to

1425bp (Fig3f). Conserved domaincome under NADB Rossmann super family. It

catalyzes the biosynthesis of p-carotene and its derivatives.

4.4.3.7 CDD analysis of sequence CC8-1

Analysis of CC8-1 sequence carriedout for the presence of conserved domain

by using CDD (conserved domain database). The sequence contain conserved domain

Lycopene beta cyclase or carotene cyclase, spanned from 157 to 1416bp (Fig3g).

Conserved domaincome under NADB Rossmann super family. It catalyzes the

biosynthesis of P-carotene and its derivatives.

4.4.4 Analysis of sequences using ORF Finder

Sequences were analyzed using ORF finder to find out the open reading

frames in the sequence obtained by the amplification of two gene specific primers

from seven genotypes.
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¥  4.4.4.1 Open Reading Frames in the PCR product amplified with Ccs cds primer

The ORF result of Ccs gene sequences briefed in (Table?)

4.4.4.2 Analysis of sequence of Byadagi Kaddi for ORFs

When the Byadagi Kaddi sequence was analysed for the ORFs, it was found

that the region contains 6 ORFs. Among them the ORFl was the longest, coding for

463 aminoacids. The ORFl spanned from 1 to 1392bp (Fig4a). The amino acid

sequences coded by this ORF are given below. BLASTp had shown that this

sequence stands for the Capsanthin capsorubin synthase, chromoplastic; Flags:

Precursor protein.

METLLKPFPSPLLSIPTPNMVSFKHNSTFPNPTKQKDSRKFHFRNKSSTHFCSFLDLAPTSKPESLDVNISW
VDTDLDGAEFDVlllGTGPAGLRLAEQVSKYGIKVCCVDPSPLSMWPNNYGVWVDEFEKLGLEDCLDHK.
WPVSCVHISDHKTKYLDRPYGRVSRKKLKLKLLNSCVENRVK.FYKAKVLKVKHEEFESSIVCDDGRKIS
GSLIVDASGYASDF1EYDK.PRNHGY0VAHGILAEVDNHPFDLDKMMLMDWRDSHLGNEPYLRVKNTKE
PTFLYAMPFDRNLVFLEETSLVSRPMLSYMEVKRRMVARLRHLGIKVRSVLEEEKCVITMGGPLPRIPQN
VMAIGGTSGIVHPSSGYMVARSMALAPVLAEAIVESLGSTRMIRGSQLYMRVWNGLWPSDRRRVRECYC
FGMETLLELDLEGTRRLFDAFFD VDPKYWHGFLSSRLSVKELAVLSL

4.4.4.3AnaIysis of sequence of Byadagi Dabbi for ORFs

When the Byadagi Dabbi sequence was analysed for the ORFs, it was found

that the region contains 7 ORFs. Among them the ORFl was the longest, coding for

469 amino acids. The ORFl spanned from I to I410bp (Fig4b). The amino acid

sequences coded by this ORF are given below. BLASTp had shown that this

sequence stands for the Capsanthin capsorubin synthase, chromoplastic; Flags:

Precursor protein.

ORFl

METLLKPFPSPLLS1PTPNMYSFKHNSTFPNPTKQKDSRKFHYRNKSSTHFCSFLDLAPTSKPESLDVNISW
VDTDLDGAEFDVIIIGTGPAGLRL.AEOVSKYGIKVCCVDPSPLSMWPNNYGVWVDEFEKI.GLEDCLDHK
WPVSCVH1SDHKTKYI.DRPYGRVSRK.KLKLKLLNSCVENRVKFYKAKVLKVKHEEFESSIVCDDGRK1S
GSUVDASGYASDFIEYDKPRNIIGYOVAHGILAEVDNHPFDLDKMMLMDWRDSHLGNEPYLRVKNTKE
PTFLYAMPFDRNLVFLEETSLVSRPMLSYMEVKRRMVARLRIIEG!KVRSVLEEEK.CVirMGGPEPRIPQN
VMAIGGTSGIVHPSSGYMVARSMALAPVEAEAIVESI.GSTRMIRGSQEYHRVWNGLWPSDRRRVRECYC
FGMETLLELni.EGTRRLFI)AFrDVDPKYWl[GFLSSRLSVKELAVLSLYl.FGHA
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4.4.4.4 Analysis of sequence ofUjwala for ORFs

When the Ujwala sequence was analysed for the ORf s, it was found that the

region contains 15 ORFs. Among them the ORF 1 was the longest, coding for 460

aminoacids. The ORFl spanned from 1 to 1383bp (Fig4c). The amino acid sequences

coded by this ORF are given below. BLASTp had shown that this sequence stands for

the Capsanthin capsorubin synthase, chromoplastic; Flags: Precursor protein.

ORFl

METLLKPFPSPLLSIPTPNMYSFKHNSTFPNPTKQKDSRKFHYRNKSSTHFCSFLDLAPTSKPES
LDVNISWVDTDLDGAEFDVIIIGTGPAGLRLAEQVSKYGIKVCCVDPSPLSMWPNNYGVWVD
EFEKLGLEDCLDHKWPVSCVHISDHKTKYLDRPYGRVSRKKLKLKLLNSCVENRVKFYKAK

VLKVKHEEFESSIVCDDGRKISGSLIVDASGYASDFIEYDKPRNHGYQVAHGILAEVDNFIPFDL

DKMMLMDWRDSHLGNEPYLRVKNTKEPTFLYAMPFDRNLVFLEETSLVSRPMLSYMEVKR

RMVARLRHLGIKVRSVLEEEKCVITMGGPLPRIPQNVMAiGGTSGIVHPSSGYMVARSMALAP
VLAEAIVESLGSTRMIRGSQLYHRVWNGLWPSDRRRVRECYCFGMETLLKLDLEGTRRLFDA

FFDVDPKYWHGFLSSRLSVKELAV

4.4.4.5 Analysis of sequence of Anugraha for ORFs

When the Anugraha sequence was analysed for the ORFs, it was found that

the region contains 7 ORFs. Among them the ORF!was the longest, coding for 467

aminoacids. The ORFl spanned from 1 to 1404bp (Fig4d). The amino acid sequences

coded by this ORF are given below. BLASTp had shown that this sequence stands for

the Capsanthin capsorubin synthase, chromoplastic; Flags: Precursor protein.

ORFl

METLLKPFPSPLLSIPTPNMYSFKHNSTFPNPTKQKDSRKFHYRNKSSTHFCSFLDLAPTSKPES
LDVNISWVDTDLDGAEFDVIIIGTGPAGLRLAEQVSKYGIKVCCVDPSPLSMWPNNYGVWVD
EFEKLGLEDCLDHKWPVSCVHISDHKTKYLDRPYGRVSRKKLK.LKLLNSCVENRVKFYKAK

VLKVKHEEFESSIVCDDGRKISGSLIVDASGYASDFIEYDKPRNHGYQVAHGILAEVDNHPFDL
DKMMLMDWRDSHLGNEPYLRVKNTKEPTFLYAMPFDRNLVFLEETSLVSRPMLSYMEVKR
RMVARLRHLGIKVRSVLEEEKCVITMGGPLPRIPQNVMAIGGTSGIVHPSSGYMVARSMALAP
VLAEAIVESLGSTRMIRGSQLYHRVWNGLWPSDRRRVRECYCFGMETLLKLDLEGTRRLFDA

FFDVDPKYWHGFLSSRLSVKELAVLSLYLFG
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4.4.4.6 Analysis of sequence of VellayanI samrudhi for ORFs

When the Vellayani samrudhi sequence was analysed for the ORFs, it was

found that the region contains 7 ORFs. Among them the ORFl was the longest,

coding for 298 amino acids. The ORFl spanned from 1 to 897bp (Fig4e). The amino

acid sequences coded by this ORF are given below. BLASTp had shown that this

sequence stands for the Capsanthin capsorubin synthase, chromoplastic; Flags;

Precursor protein.

ORFl

METLLKPFPSPLLSIPTPNMYSFKHNSTFPNPTKQRDSRKFHSRNKSSTHFCSFLDLAPTSKJPES
LDVNISWVDTDLDRAEFDVIIIGTGPAGLRLAEQVSKYGIKVCCVDPSPLSMWPNNYGVWVD
EFEKLGLEDCLDHKWPVSCVHISDHKTKYLDRPYGRVSRKKLKLKLLNSCVENRVKFYKAK
VLKVKHEEFESSIVCDDGRKISGSLIVDASGYASDFIEYDKPRNHGYQVAHGILAEVDNHPFDL

DKMMLMDWRDSHLGNEPYLRVKNTKNQHSCMQCHLIGIWYSWKRLL

4.4.4.7Analysis of sequence of Vellayani Thejus for ORFs

When the Vellayani Thejus sequence was analysed for the ORFs, it was found

that the region contains 6 ORFs. Among them the ORFl was the longest, coding for

474 aminoacids. The ORFl spanned from 1 to 1425bp (Fig4f). The amino acid

sequences coded by this ORF are given below. BLASTp had shown that this

sequence stands for the Capsanthin capsorubin synthase, chromoplastic; Flags:

Precursor protein.

ORFl

METLLKPFPSPLLSIPTPNMYSFKHNSTFPNPTKQRDSRKFHSRNKSSTHFCSFLDLAPTSKPES
LDVNlSWVDTDLDRAEFDVlllGTGPAGLRLAEQVSKYGiKVCCVDPSPLSMWPNNYGVWVD
EFEKLGLEDCLDHKWPVSCVH1SDHKTKYLDRPYGRVSRKK.LKLKLLNSCVENRVK.FYKAK
VLKVKHEEFESSIVCDDGRKISGSLIVDASGYASDFIEYDKPRNHGYQVAHGILAEVDNHPFDL
DKMMLMDWRDSHLGNEPYLRVKNTKEPTFLYAMPFDRNLVFLEETSLVSRPMLSYMEVKR
RMVARLRHLGIKVRSVLEEEKCVITMGGPLPRIPQNVMAIGGTSGIVHPSSGYMVARSMALAP
VLAEAIVESLGSTRMIRGSQLYHRVWNGLWPSDRRRVRECYCFGMETLLKLDLEGTRRLFDA

FFDVDPKYWHGFLSSRLSVKELAVLSLYLFGHASNLAR

\o3
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4.4.4.8 Analysis of sequence of CC8-1 for ORFs

When the CC8-1 sequence was analysed for the ORFs, it was found that the

region contains 7 ORFs. Among them the 0RF2 was the longest, coding for 217

amino acids. The ORF2 spanned from 763 to 1416bp (Fig4g). The amino acid

sequences coded by this ORF are given below. BLASTp had shown that this

sequence stands for the Capsanthin capsorubin synthase, chromoplastic; Flags:

Precursor protein.

ORF2

MMLMDWRDSHLGNEPYLRVKNTKEPTFLYAMPFDRNLVFLEETSLVSRPMLSYMEVKRRM

VARLRHLGIKVRSVLEEEKCVITMGGPLPRIPQNVMAIGGTSGIVHPSSGYMVARSMALAPVL

AEAIVESLGSTRMIRGSQLYHRVWNGLWPSDRRRVRECYCFGMETLLKLDLEGTRRLFDAFF

DVDPKYWHGFLSSRLSVKELAVLSLYLFGHASN

4.5 Multiple sequence alignment of Capsanthin capsorubin synthase gene

Multiple sequence alignment from the coding regions was performed to

identify the presence of structural changes in the sequences (Fig5). From the study it

was found that Byadagi kaddi had two SNP's T instead of A was found at 129bp and

(G) instead of (A) replacing adenine was found at 1273bp positions. Byadagi Dabbi

had one SNP i.e. guanine (G) replacing adenine (A) at 1273bp. compared with the

reference GI: 719762908 cds sequence.

Vellayani samrudhi, an Orange fruit line of Capsicum fnitescens had several

SNP's G 107 A , C 129 A, C 235 G, T 630 C, A 312 T, G 831 A, A 834 G, A 1071

G, G 1272 A, A 1273 G and nucleotide deletions observed at 834,1043,1056,1072

positions in the coding region of the gene.

Vellayani Thejus, and CC8-1 had several SNP's G 107 A, C 129 A, C 235 G,

T 630 C, G 831 A, A 834 G, A 1071 G, G 1272 A, A 1273 G positions in the coding

region of the gene (Table8).

io6
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Fig.5. Multiple sequence alignment of nucleotide sequences of Ccs coding region
with NCBl GI: 719762908 sequences
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Multiple sequence alignment of the inferred amino acid sequences revealed

that occurrence of Single Nucleotide Polymorphisms in diverse colour genotypes

showed in (Table9).

In deep red colour line Byadagi kaddi, it was observed that two SNPs was

found with change in amino acids sequence. Tyrosine (Y) replaced by Phenyl alanine

(F) at 43^^ position, and Lysine (K) replaced by Glutamic acid (E) at 425*^ position. In
Byadagi Dabbi, one SNP correlated with change in amino acids sequence, Lysine (K)

replaced by Glutamic acid (E) at 425'*' position.

In Vellayani samrudhi (Orange fruit line of Capsicum frutescens), two SNPs

were found with change in amino acids sequence. Arginine (R) present instead of

Lysine at 36^^ position, tyrosine (Y) replaced by serine (S) at 43^^ position, arginine
(R) replaced glycine (G) at 79'^ position. Amino acid deletions were seen at 278, 348,

352, 358"* positions and Glutamic acid (E) was replaced by Lysine (K) at 425'^
position.

Vellayani thejus had two SNPs with change in amino acids sequence.Arginine

(R) present instead of Lysine at 36th position, Serine (S) replaced by tyrosine (Y) at

43'^ position, Arginine (R) replaced glycine (G), at 79"" position and Glutamic acid
(E) replaced by Lysine (K) at 425'^ position. In yellow fruited line CC8-1 Capsicum

chinense one SNP was found with change in amino acids sequence. Arginine (R)

present instead of Lysine at 36th position Serine (S) replaced by tyrosine (Y) at 43^*^
position, Arginine (R) replaced glycine (G), at 79*'* position. Serine (S) to stop codon

was present at 200 position, and Glutamic acid (E) replaced by Lysine (K) at 425"^
position.

4.5.1 Camparision of Ccs gene sequence between the genotypes

Byadgi kaddi had two SNPs which lead to change in amino acid sequence at

positions 43 and 425 of Capsanthin capsorubin synlhase peptide. Tyrosine (Y) was

replaced by Phenyl alanine (F) and Lysine (K) was replaced by Glutamic acid (E).

10$
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Byadagi dabbi had one SNP at position 425 Lysine (K) replaced by Glutamic acid

(E).

In Vellayani samrudhi (Orange fruit line of Capsicum frutescens), two SNPs

were found with change in the amino acid sequence tyrosine (Y) replaced by serine

(S) at 43th position, arginine (R) replaced glycine (G), 79th position and amino acid

deletions are present at 278, 348, 352, 358 positions and Glutamic acid (E) replaced

by Lysine (K) at 425th position when Compared with Byadagi sequence.

Vellayani Thejus had two SNPs with change in amino acids sequence. Serine

(S) replaced by tyrosine (Y) at 43th position, Arginine (R) replaced glycine (G), at

79th position and Glutamic acid (E) replaced by Lysine (K) at 425th position. In

yellow fruited line CC8-1 Capsicum chinense one SNP was found with change in

amino acids sequence Serine (S) 200 stop codon was present, which might have

resulted in change in phenotypic expression from red to yellow color when compared

with Byadagi sequence shown in (Table9).
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4.5.2 Camparision of Ccs gene sequence between the Capsicum spp.

Multiple sequence alignment of the inferred amino acid sequences shown in

(Fig6) revealed that there was change in the Cpasanthin capsorubin synthase peptide,

sequence in diffrent Capsicum spp. studied.

Capsicum anmium cultivars (Byadagi Kaddi, Byadagi Dabbi, Ujwala,

Anugraha) had changes in Capsanthin capsorubin synthase peptide, at positions 43

and 425 positions tyrosine (Y), replaced by Phenyl alanine (F) and Lysine (K)

replaced by Glutamic acid (E).

In Capsicum frutescence (Vellayani samrudhi) it was observed that two SNPs

with change in amino acids sequence. Tyrosine (Y) replaced by serine (S) at 43th

position, arginine (R) replaced glycine (G) at 79th position. Amino acid deletions are

present at 278, 348, 352, 358 positions and Lysine (K) present instead of glutamic

acid at 425*^ position when compared with Byadagi cultivars {Capsicum annuum).

Capsicum chinense (Vellayani Thejus) had two SNPs correlated with change

in amino acids sequence. Serine (S) replaced by tyrosine (Y) at 43' position,

Arginine (R) replaced glycine (G), at 79th position and Glutamic acid (E) replaced by

Lysine (K) at 425"" position. In yellow fruited line CC8-1 Capsicum chinense it was

found that one SNPs correlated with change in amino acids sequence Serine (S) at the

position 200 stop codon was present, which might have resulted in change in

phenotypic expression from red to yellow color when Compared with Byadagi

sequence {Capsicum annuum).

Sequence comparison between Capsicum spp. showed that amino acid

variation present at positions 43 thyrosine (Y), 79 glycine (G) in Capsicum annuum

(Byadagi kaddi, Byadagi dabbi, Ujwala, Anugraha) whereas serine (S), and Arginine

(R) in Capsicum fnitescence, (Vellayani samrudhi), and Capsicum chinense,

Vellayani thejus and CC8-1.
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The Ccs promoter sequences from each genotype are furnished here under:

Byadagi Kaddi

TAAATTGCAAAAATTTCAGTTCGTTTTTTAATTTCTGTTTTGGGAAGAGGAATACTAC
AAGGCCTACAACAATCACCAATACCTAAATTGCAAAAATTTTAGTTTGTTTTTTAGTT

TCTGTTTTGGGAAGAGGAATACTACAAGGTAAAGGCCTCCAACAATCACCAATACCT
AAATTGCAAAAATTTCAGTTCGTATTTTCGTTTCTATTTTGGGAAGTGGAATAGTATA
AGGTAGGACCTCCAACAATCACCAATACCTAAATTGCAAAAGTTCCGATTCATTTTT
TAGTTTCTGTTTTGGAAAGAGAAATACTACAAGGTAGGGCCTCCAACAATCACCAGT
ACCTAAATTGTAAAAATTTCAGTTCGTTTTTTAGTTTCTATTTTGGGAAGTGGAATAG
TATAAGGTAGGACCTCCAACAATCACCAATACCTAAATTGCAAAAGTTCCGATTCTT
TTTTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGATAGGACCTTCAACAATCAC
CAATACCTAAATTGCAAAAACTTCAGTTCATTTTTTAGTTTCTGTTTTGGGAAGAAGA
ATACTTCAAGGTAACAATCACCAATACCTAAATTAAAAATTTCAGTTAGTTTTTTAGT
TTCTGTTTTTGGGAAGAGGGAATACTTTCTTTTGCTATATAAAGCCAAAGTAGGTAC
CTATAAGCATCAATATTTTGTATTGCTTAGTGATTCCCCTAGTTCGGTATTTCATTTT
TTTTTCACTATACTATATCACCTCCTCTCATAAATAGCCATTATAAATCTTGCATTTT

CTCTA

Byadagi Dabbi

TAAATTGCAAAAATTTCAGTTCGTTTTTTAATTTCTGTTTTGGGAAGAGGAATACTAC
AAGGCCTCCAACAATCACCAATACCTAAATTGCAAAAATTTTAGTTTGTTTTTTAGTT
TCTGTTTTGGGAAGAGGAATACTACAAGGTAAGGCCTCCAACAATCACCAATACCTA

AATTGCAAAAATTTCAGTTCGTATTTTCGTTTCTATTTTGGGAAGTGGAATAGTATAA
GGTAGGACCTCCAACAATCACCAATACCTAAATTGCAAAAGTTCCGATTCATTTTTT
AGTTTCTGTTTTGGAAAGAGAAATACTACAAGGTAGGGCCTCCAACAATCACCAGTA
CCTAAATTGTAAAAATTTCAGTTCGTTTTTTAGTTTCTATTTTGGGAAGTGGAATAGT
ATAAGGTAGGACCTCCAACAATCACCAATACCTAAATTGCAAAAGTTCCGATTCTTT
TTTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGATAGGACCTTCAACAATCACC
AATACCTAAATTGCAAAAACTTCAGTTCATTTTTTAGTTTCTGTTTTGGGAAGAAGAA
TACTTCAAGGTAACAATCACCAATACCTAAATTAAAAATTTCAGTTAGTTTTTTAGTT

TCTGTTTTTGGGGAAGAGGAATACTTTCTTTTGCTATATAAAGCCAAAGTAGGGTAC
CTATAAGCATCAATATTTTGTATTGCTTAGTGATTCCCCTAGGTTCGGTATTTCATTT
TTTTTTCACTATACTATATCACCTCCTCTCATAAATAGCCATTATAAATCTTGCATTTT

CTCTA

Ujwala

TAAATTGCAAAAATTTCAGTTCGTTTTTTAATTTCTGTTTTGGGAAGAGGAATACTAC
AAGGCCTCCAACAATCACCAATACCTAAATTGCAAAAATTTTAGTTTGTTTTTTAGTT
TCTGTTTTGGGAAGAGGAATACTACAAGGTAAGGCCTCCAACAATCACCAATACCTA
AATTGCAAAAATTTCAGTTCGTATTTTCGTTTCTATTTTGGGAAGTGGAATAGTATAA
GG TAGGACCTCCAACAATCACCAATACCTAAATTGCAAAAGTTCCGATTCATTTTTT
agtttctgttttggaaagagaaatactacaaggtagggcctccaacaatcaccagta
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CCTAAATTGTAAAAATTTCAGTTCGTTTTTTAGTTTCTATTTTGGGAAGTGGAATAGT

ATAAGGTAGGACCTCCAACAATCACCAATACCTAAATTGCAAAAGTTCCGATTCTTT

TTTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGATAGGACCTTCACACAATCAC

CAATACCTAAATTGCAAAAACTTCAGTTCATTTTTTAGTTTCTGTTTTGGGAAGAAGA

ATACTTCAAGGTAACAATCACCAATACCTAAATTAAAAATTTCAGTTAGTTTTTTAGT

TTCTGTTTTTGGGGAAGAGGAATACTTTTCTTTTTGCTATATAAAGACAAAGTAGGT

ACCTATAAGCATCAATATTTTGTATTGCTTAGTGATTCCCCTAGGTTCGGTATTTCAT

ttttttttcactatactatatcaccttcctctcataaatagccattataaatcttgcat

TTTCTCTA

Anugraha

TAAATTGCAAAAATTTCAGTTCGTTTTTTAATTTCTGTTTTGGGAAGAGGAATACTAC

AAGGCCTCCAACAATCACCAATACCTAAATTGCAAAAATTTTAGTTTGTTTTTTAGTT

TCTGTTTTGGGAAGAGGAATACTACAAGGTAAGGCCTCCAACAATCACCAATACCTA

AATTGCAAAAATTTCAGTTCGTATTTTCGTTTCTATTTTGGGAAGTGGAATAGTATAA

GGTAGGACCTCCAACAATCACCAATACCTAAATTGCAAAAGTTCCGATTCATTTTTT

AGTTTCTGTTTTGGAAAGAGAAATACTACAAGGTAGGGCCTCCAACAATCACCAGTA

CCTAAATTGTAAAAATTTCAGTTCGTTTTTTAGTTTCTATTTTGGGAAGTGGAATAGT

ATAAGGTAGGACCTCCAACAATCACCAATACCTAAATTGCAAAAGTTCCGATTCTTT

TTTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGATAGGACCTTCAACAATCACC

AATACCTAAATTGCAAAAACTTCAGTTCATTTTTTAGTTTCTGTTTTGGGAAGAAGAA

TACTTCAAGGTAACAATCACCAATACCTAAATTAAAAATTTCAGTTAGTTTTTTAGTT

TCTGTTTTTGGGAAGAGGAATACTTTCTTTTTGCTATATAAAGCCAAAGTAGGTACC
TATAAGCATCAATATTTTGTATTGCTTAGTGATTCCCCTAGGTTCGGTATTTCATTTT
TTTTTCACTATACTATATCACCTTCCTCTCATAAATAGCCATTATAAATCTTGCATTTT

CTCTA

Vellayani Samrudhi

TAAATTGCAAAAATTTCAGTTCGTTTTTTAATTTCTGTTTTGGGAAGAGGAATACTAC

AAGGCCTCCAACAATCACCAATACCTAAATTGCAAAAATTTTAGTTTGTTTTTTAGTT

TCTGTTTTGGGAAGAGGAATACTACAAGGTAAGGCCTCCAACAATCACCAATACCTA

AATTGCAAAAATTTCAGTTCGTATTTTCGTTTCTATTTTGGGAAGTGGAATAGTATAA

GGTAGGACCTCCAACAATCACCAATACCTAAATTGCAAAAGTTCCGATTCATTTTTT
AGTTTCTGTTTTGGAAAGAGAAATACTACAAGGTAGGGCCTCCAACAATCACCAGAA
CCTAGATTGTAAAAATTTCAGTTCGGTTTTTAGTTCTATTTTGGGAAGTGGAATAGTA

TAAGGTAGGACCTCCAACAATCACCACAATCTAAATTGCAAAAGTTCCGATTCTTTT

TTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGATAGGACCTTCAACAATCACCA

ATACCTAAATTGCAAAAATTTCAGTTCATTTTTTAGTTTCTGTTTTGGGAAGAAGAAT

ACTAGAAGATAACAATCACCAATACCTAAATTAAAAATTTCAGTTAGTTTTTTAGTTT

CTGTTTTTGGGAAGAGGAATACTTTTCTTTTGCTATATAAAGCCAAGTAGGTACCTA

TAAGCATCAATATTTTGTATTGCTTAGTGATTCXCCTAGGTTCGGTATTTCATTTTTT

TTTCACTA TACTATATCACCTTCCTCTCATAAA TAGCCATTATAAATCTTGCATTTTC

TCTA
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|p VellayanI Thejus

AATTGCAAAAATTTCAGTTCGTTTTTTAATTTCTATTTTGGGAAGAGGGTACTACAAG
GACTCCAACAATCACCAATACCTAAATTGCAAAAATTTCAGTTTGTTTTTTAGTTTCT
GTTTTGGGAAGAGGAATACTACAAGGTAGGGCCTCCAACAATCACCAATACCTAAAT
TGCAACGTTTTTTAGGTTCTGTTTTGGGAAGAGGAACACTACAAGGAAGGGCCTCCA
ACGATCACCAATACCTAAATTGCAAAAATTTCAGGTCGTATTTTCGTTTCTATTTTGG
GAAGTGGAAGAGTATAAGGTAGGACCTCCAACAATCAACAATACCTAAATTGCAAAA

GTTCCGATTCATTTTTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGGTAGGGCC

TCCAACAATCACCAGAACCTAGATTGTAAAAATTTCAGTTCGGTTTTTAGGTTCTATT

TTGGGAAGTGGAATAGTATAAGGTAGGACCTCCAACAATCACCACAATCTAAATTGC

AAAAGTTCCGATTCTTTTTTTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGGTAG

GGCTTTTCAACAATCACCAGTACCTAAATTGTAAAAATTTCAGTTCATTTTTTTAGTT

TCTATTTTGGGAAGTGGAATAGTATAAGGTAGGACCTCCAACAATCACCAATACCTA

AATTGCAAAAGTTCCGATC

CC8-1

atctaaattgcaaaagttccgattctttttttagtttctgttttggaaagagaaatac

TACAAGGTAGGGCTTTCAACAATCACCAGTACCTAAATTGTAAAAATTTCAGTTCAT

ttttttagtttctatttttgggaagtggaatagtataagggaggacctccaacaatc

ACCAATACCTAAAATTGCAAAAGGTTCCGATTCTTTT-

TTTAGTTTCTGTTTCGGAAAGAGAAATACTACAAG

r
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4.6 Analysis of Ccs promoter sequence using BLASTn

The Blasln result of Ccs promoter sequences briefed in (TablelO)

4.6.1 BLASTn analysis of Ccs promoter sequence of Byadagi Kaddi

The sequences of Byadagi kaddi was analysed using BLASTn programme.

The result showed that the sequence of Byadagi kaddi had 99 per cent similarity with

Ccs gene accession DQ907615.1 shown in (Fig7a) a Capsicum anmium cultivar

landrace Nockwang, Capsanthin capsoriihin synthase promoter region partial

sequence.

4.6.2 BLASTn analysis of Ccs promoter sequence of Byadagi Dabbi

The sequences of Byadagi dabbi was analysed using BLASTn programme.

The result showed that the sequence of Byadagi dabbi had 99 per cent similarity with

Ccs gene accession DQ9076I5.1 shown in (Fig7b) a Capsicum annuum cultivar

landrace Nockwang, Capsanthin capsorubin synthase promoter region partial

sequence.

4.6.3 BLASTn analysis of Ccs promoter sequence of Ujwaja

The sequences of Ujwala were analysed using BLASTn programme. The

result showed that the sequence of Ujwala had 99 per cent similarity with Ccs gene

accession DQ907615.I shown in (Fig7c) a Capsicum annuum cultivar landrace

Nockwang, Capsanthin capsorubin synthase promoter region partial sequence.

4.6.4 BLASTn analysis of Ccs promoter sequence of Anugraha

The sequences of Anugraha were analysed using BLASTn programme. The

result showed that the sequence of Anugraha had 91 per cent similarity with Ccs gene

accession DQ907615.i shown in (Fig7d) a Capsicum annuum cultivar landrace

Nockwang, Capsanthin capsorubin synthase promoter region partial sequence.
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4.6.5 BLASTn analysis of Ccs promoter sequence of Vellayani Samrudhi

The sequences of Vellayani samrudhi was analysed using BLASTn

programme. The result showed that the sequence of Vellayani samrudhi had 91 per

cent similarity with Ccs gene accession DQ907615.1 shown in (Fig7e) a Capsicum

annuum cultivar landrace Nockwang, Capsanthin capsonibin synthase promoter

region partial sequence.

4.6.6 BLASTn analysis of Ccs promoter sequence of Vellayani Thejus

The sequences of Vellayani Thejus were analysed using BLASTn

programme. The result showed that the sequence of Vellayani Thejus had 90 per cent

similarity with Ccs gene accession DQ907615.1 shown in (Fig7f) a Capsicum

annuum cultivar landrace Nockwang, Capsanthin capsonibin synthase promoter

region partial sequence.

4.6.7 BLASTn analysis of Ccs promoter sequence of CC8-1

The sequences of CC8-1 were analysed using BLASTn programme. The

result showed that the sequence of CC8-1 had 97 per cent similarity with Ccs gene

accession Y14165.1 shown in (Fig7g) a Capsicum annuum gene encoding

Capsanthin capsonibin synthase promoter region.

4.7 Multiple sequence alignment of Ccs promoter sequence

Multiple sequence alignment of promoter regions were performed (Fig8) to

identify the presence of structural changes in the sequences (Table 11a- lid). From

the study it was found Byadagi kaddi had deletion in the sequence between 147-

151bp region and also having SNP's adenine (A) at 239''' position and Adenine

instead of thymine was found at 764"' position compared with reference sequence

Y14165.1
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AAGC AGGAC
AAGC AGGAC
AAGC ACGAC

GUAAAGAGAAAaA<4
GGAAACAGAAMAd
GGAAAGAGAAATAd
GGAAAGAGAAATAd
GGAAACAGAAATAd
GGAAAGAGAAATAd
GGAAAGAGAAATACi
GGAAAGAGAAA1AC1

62C

I

CACCAA AC<
CACCAA AC(
CACCAA AC<
CACCAA ACI
CACCAA AC<
CACCAj AC
CACca' ACI

AAAGCCAAA
AAAGCCAAA
AAAGCCAAA
aaagTcaaa
AAAGCCAAA
aaagccaSa

it

Fig. 8: Multiple sequence alignment of nucleotide sequences of Ccs promoter region with
reference sequence (NCBI GI: Y14165.1)
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Byadagi Dabbi had one SNP i.e guanine at 797"" position and several
deletions was noticed in the sequence between 147-151 bp, 239, 470, 719, 764, 772*^
positions.

Ujwala had 5bp deletion at 147-151"' position and several single nucleotide

deletions were found at 239, 470, 719, 764, 772, 797bp positions. It was found that

Ujwala had one SNP adenine instead of cytosine (C) at 788"* position.
Anugraha had one SNP adenine (A) at 719'^ positon and several single

nucleotide deletions was found at 239, 470, 764, 722, 754, 772, 797bp positions.

Vellayani Samrudhi, an Orange fruit line of Capsicum frutescens had several

SNP's T436A, A442G, T463G, C604T, A605C, A617G, T679A, C680G and T found

at 773"' position, several deletions was found at 239,470,473,719,755,791,797bp

positions in the promoter region compared with reference sequence.

Vellayani Thejus, had several SNP's T206G, T227C, T237A, A240G,

A251G, T283G, T316G, C344A, T436A, A442G, T463G, 470G, A599G, C601T,

C604T, A605C, A617G, C629T, C659T, A671G, C677G, T679A, C680T, A717G,

719A, T723G, A727C, T729A, A731C and several deletions was found at 186-

196bp, 239, 473, 754, 755, 764, 772, 773, 788, 791, 797"^ positions in the promoter
region of the gene.

In yellow fruited line CC8-1 Capsicum chinense SNPs was found at C350T,

A374T, C420T, C422T, G462A, A469T and (A) at 470"' positions were noticed and

several deletions was present throughout the promoter sequence.

4.7.1 Analysis of Ccs promoter region in chilli genotypes

Sequences contain a tandem repeat structure in the promoter region. Tandem

sequence repeated three times in the sequence with insertion or deletion of

nucleotides. Some cis regulatory elements like heat stress related c/5-elements (HSE),

Myb binding site (MYBPZM), Light responsive elements, TATA box, CAAT box in

the promoter regions from different species (Fig.9a - 9b).



reference — TTQA*CCTCCTTGATAA*AA*TTTTQACTCCGCC*TT<W:TACAAGGTAGAACCTCCAACAATWCaATACCUAATTG«
Byadaolkaddl TAAATTQCAAAAAT
Byadaai dabbi TAAATTGCAAAAAT
UJaala TAAATTQCAAAAAT
Anuoraha TAAATTGCAAAAAT

vIllavam! Ihejus^'aattgcaaaaatttcagttcgttttttaatttctattttgg-gaagagggtactacaa-^

I'ipFisi, jiiiiiiiijijiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
U| va I a T - 5- TTTTAAtTTCTQTT TTGGBAAQAGQAATACTACAA- -QQCCTCCAACAATCACCAAT ACCT AAAl TGCAAAAATTT
VELLAVaS( SAHHUDHITTCAGTTCGTlTTTTAATTTCTGtTTTGGGAAGAGCAATACTACAA rrrrirrltriiTrirrAiTArrTAAATTGCAAC**^''^-" — GTTf
VELLAYANt THEJUS ITCAGTTTGTTTTT T AGT TTCTGTTT TGGGAAGAGGAAT ACTACAAGGT AGGGCCTCCAACAAT^CCA^TACCl^ATTGCAAC^^^^^^^^^^
ccB-i —

reference FtTaGTTTCTGTTTTGGGAAGAGGAATACTACAAGQTA-AGGCCTCCAACAATCACCAATACCTAAATTGCAAAAATTTCAGTTCGTATTTTCGTTTCTif
Byadaalkaddl iTTAGTTTCTQTITTGGGAAGAGGAATACTACAAGGTAAAQQCCTCCAACAATCACCAATACCTAAATTGCAAAAATTTCAGTTCGIATTTTCGTTTCTJ
Byadagi dabbI "TAGTTICTGTTTIGGGAAGAGGAATACTACAAGGTA-AGGCCICCAACAATCACCAATACCTAAATTGCAAAAAITICAGTTCGTATTITCGTTTCT*
Ulaala TTTAGTTTCTGITTTGGGAAGAGGAATACTACAAGGTA-AGGCCICCAACAATCACCAATACCTAAATIGCAAAAATTTCAGTTCGTATTTTCGTTTCT*
Anugraha |TTAGTTTCTGTTTTGGGAAGAGGAATACTACAAGGTA-AGGCCTCCAACAATCACCAATACCTAAATTGCAAAAATTTCAGTTCGTATTTTC6TTTCTA
VELLAVANI SABRUDH11TTAGTTTCTGTTTTGGGAAGAGGAATACTACAAGGIA-AGGCCTCCAACAATCACCAATACCTAAAITGCAAAAATTTCAGTTCGTATTTTCGTTTCT*VELLAVANI THEJUS ITT AGGTTCIGTT I TQGGAAGA6GAACACT ACAAGGAA-GGGCCTCCAACGATCACCAA t ACCT AAAI TGCAAAAAT T TCAG^^^H^CGH TC^

lr7TTQG'GAAG^GGAATA^A7AAGGTAGG~TCCAACAATTACCAATrCCTAAATTQ'^AAA^CCQATTCATTTTT'TAGTTTCTGTTITGG^
TTTTGGGAAGTGGAATAC 'ATAAG61AGGACCTCCAACAAICACCAATACCTAAATTGCAAAAGTICCGATICATTTT1TAGTTTCTGTTTTGGAAAGAG
TTTTGGGAAGTGGAATAt ATAAGGTAGGACCTCCAACAATCACCAATACCTAAATTGCAAAAGTTCCGATTCATTTTTTAGTTTCTGTTTTGGAAAGAG
•TTTTGGGAAGTGGAATAC 'ATAA6GTAGGACCTCCAACAAICACCAATACCTAAATTQCAAAAGTTCCGATTCAITTTTTAGTTTCTGITTTGGAAAGAd
fc TTIGGGAAGTGGAATAC ATAAGGTAGGACCTCCAACAATCACCAATACCTAAATIGCAAAAGTTCCGATTCATTTTTTAGTTTCTGTTTTGGAAAGAG

VELLAVANI SANRUDH JtTTTGGGAAGTGGAATAC ATAAQGTAGGACCTCCAACAATCACCAATACCTAAATTGCAAAAGTTCCQATTCATTTTTTAGTTTCTGHTTGGAAAGAG
VELLAVANI THEJUS ^TTTGGGAAGTGGAA6A( ATAAGGTAGGACCTCCAACAATCAACAATACCTAAATTGCAAAAGTTCCGATTCATTTTTTAGTHCTGTTTTGGAAAG^

reference
Byadagikaddl
Byadagi dabbI
UJaala
Anugraha

ccB-1

reference
Byadagikaddl
Byadagi dabbI
UJaala
Anugraha

ffHT>c(TOAV8!TA(SGiTCTtc^AVTrrceATsnrtfTnrimTAiATnTcxmiGTTTTr^i*ir^-fTTTT6b^rGTOA^j
kAATACTACAAGGTAGGGCCTCCAACAATCACCAGTACCTAAATTGTAAAAATTTCAGITCGiniTTA-GTTTCI-ATTTTGGGAAGTGGAATjIATA
fiAATACTACAAGGTAGGGCCTCCAACAATCACCAGTACCTAAATTGTAAAAATTTCAQTTCGTTTTTTA-6TTTCT-ATTTTGGGAAGTGGAAT«TATA
AAATACTACAAGGTAGGGCCTCCAACAATCACCAGTACCTAAATTGTAAAAATTTCAGTTCGTTTTTTA-GTTTCT-ATTTTGGGAAGTgGAATA«TATAI

_  _ _ ■AAATACTACAAGGTAGGGCCICCAACAATCACCAGTACCTAAAITGTAAAAATTTCAGTTCGTTTTTTA-GTTTCT-ATTITGQGAAGTGQAAT^TATA.
VELLAVANI SANRUDHUAAIACTACAAGGIAGGGCCTCCAACAATCACCAGAACCIAGAITGIAAAAA TCAGTTCGGTTTlA-GT- CT-AHTTGGGAAGTGGAATAtTAT AVELLAVANI THEJUS ll AATACTACAAGGIAGGGCCTCCAACAATCACCAGAACCIAGATTGTAAAAATTTCAGTTCGGITTITAGGT-ICT-ATTTTGGGAAGTGGAAT^TAT A
ccB-l CA;)UCJACMfi6IAfia6CiTUCAACMiCAC;fiAfiTJ\yaA*AU£TAA^LTl£ACll£MTJUUAGiUCIAUJTJI«fifiAAGUfiAAU^TAT^
reference r̂GGTAGGACCTCCAACAATCACCAATACCTAAAT-TGCA-AAAGTICCGATTCTTIT-TTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGATAGGAC
Byadagi kaddl Cggtagqacctccaacaatcaccaatacctaaat-tgca-aaagttccqattctttt-tttagtttctgttjtggaaagagaaatactacaagataggac
Byadagi dabbI CgGTAGGACCTCCAACAATCACCAATACCTAAAT-TGCA-AAAGTTCCGATTCTTTT-ITTAQTTICTGTTTTGGAAAGAGAAATACTACAAGATAGGACUJaala AGGTAGGACCTCCAACAATCACCAATACCTAAAT-TGCA-AAAGTTCCGATTCTTTT-TTTAGTTTCTGTTIT6GAAAGAGAAAIACTACAAGAIAGGACi
Anugraha *GGTAGGACCTCCAACAATCACCAATACCTAAAT-TGCA-AAAGTTCCGATTCTTTT-TTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGATAGGAC,VELLAVANI SANflUOHyiGGIAGGACCTCCAACAATCACCACAATCTAAAT-TGCA-AAAGTTCCGAITCTTTT-TTTAGTITCTGHTTGGAAAGAGAAATACIACAAGATAGGAC
VELLAVANI THEJUS IKgGTAGGACCTCCAACAATCACCACAATCTAAAT-TGCA-AAAGTTCCGAITCTTTTITTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGGTAGQGClCCB-I ljr^GG^GG^CCjCjC[».^CAATC|>(j:n^^TACC^T^AYJTGCAAA|GGTrcpyTCjTTjl-jn^^TTTCjIG^TTj:(^G^AA^GAGAAA1ACTACAA6-^—.-d
reference CTTCA-ACAATCACCAATACCTAAATTGCAAAAACTTCAGTTCATITT-TTAGTTTCTGTTTTGGGAA6AAGAATACTJCAAGGT
Byadagi kaddl rTICA-ACAATCACCAATACCTAAATTGCAAAAACITCAGTTCATTTT-TTAGTTTCTGITTIGGQAAGAAGAATACTiCAAGGT
Byadagi dabbI EtICA-ACAATCACCAATACCTAAATTGCAAAAACTTCAGTTCATITT-TTAGTTICTGTTTTGGGAAGAAGAATACTICAAGGT JiriiT
UJaala CTTCACACAATCACCAATACCTAAATTGCAAAAACTTCAGTTCATTTT-TTAGTTTCTGTTTTGGGAAGAAGAATACTTCAAGGT
Anugraha CTTCA-ACAATCACCAATACCTAAATTGCAAAAACTTCAGTTCATTTT-TTAGTTTCTGTTTTGGGAAGAAGAATACTKAAGGT AACAAT
VELLAVANI SAHHUOHIC-TTCAACAAICACCAATACCTAAATTGCAAAAATTTCAGTTCATTTT-TTAGTTTCTGTTTTGGGAAQAAGAATACTAGAAGAT---------AACAATVFI.LAVANI THEJUS tlTTCAACAATCACCAQIACCTAAATTGTAAAAATTTCAGTTCAITTTTTTAGTTTCTATTTTGGGAAGTGQAATAG^TAAGQTAGGACCTCCAACAAI
reference CACCAATACCIAAATTAA-AAATITCAGTIAGTTTTTTAQTTICTQTTTTIG6Q-AAGAGGAA-IACTTTCT-TTTGCTATATAAAGCCAAAQTAG-GTA
Byadagi kaddl CACCAAIACCIAAATTAA-AAAIITCAGTTAGTTTTTTAGTTTCTGTTTTTGGG-AAGAGGGAATACITTCT-TITGCTATATAAAGCCAAAGTAG-GTA
Byadagi dabbi CACCAATACCTAAATTAA-AAATTTCAGTTAGTTTTTTAQTTTCTGTTTTTGGQGAAGAGGAA-TACTTTC-TTTTGCTATATAAAGCCAAAGTAGGQTA
UJaala CACCAATACCIAAATTAA-AAAITTCAGTTAQTTTTTTAGTTTCTGTTTTTGGGGAAGAGQAAtACTTTTCTTTTTQCTAIATAAAGACAAAGTAG-GTAAnugraha CACCAATACCTAAATIAAAAA-ITTCAGTTA6TTTttrAGTTTCTGTTTtTGG-GAAGAGGAATACTTT-CTTTTTGCTAIATAAAGCCY*Gl*G-GTA
VELLAVANI SANRUOHICACCAATACCTAAATTAA-AAATTTCAGTTA6TTTTITAGTTTCTGTTTTTGGG-AAGAGGAATACTTTTCT-TTTGCTAIATAAA6CCA-A6TAG GTA
VELLAVANI THEJUS CACCAATACCT
ccS-l -

Fig 9a; Sequence comparisons in the Ccs promoter region among the Capsicum genotypes,
boxes (Red, purple, orange) shown the three repeat units found in this region.



0lO.

i
V
A
V
A

STTTTTil i
r
n
m

<
<
5
3
5
5

u

j
j
l
i
l
f
e
s
s
S
s
S
g
i

y
u
o
u
o
u
u
o

S
S
8
S
5
S
S
S

5
3
5
5
3
3
5
5

3
S
3
5

5
3
3
3
3
5
3
5

3
5
5
3
3
3

5
5
3
3
5
3
5

<
H
l
5
i

M
M

3
3
3
3
3
3
 5

3
|
|
5
3
3
S

3
|
|
3
3
3
3

5
5
5
5
5
«
5
2

0
<
J
0
<
J
0
U

O
O
O
O
O

!
 5
5
3
3
3
3
'
.

|
5
5
|
5
S
5

5
5
5
5
1
5
5
5

C
5
 c
j
 o
o
o
 V
 <
 
r

G
C
o
D
D
D
G
 >

5
5
5
3
3
3
!

5
5
3
5
5
5
3

3
3
3
3
3
3
3

ts t3(3(3t3<^

<
3
3
<
<
3

8
8
8
8

3
3
3
5
3
3
3

3
3
3
3
3
3
3

3
3
5
5
2
2

l
i
m
m

m
m

$
3
3
V
O
 O
 I

i
i
s
s
i
i

3
3
3
3
3
3
<
3

8
8
8
8
8
8
^
8

8
8
8
8
8
8
8
8

3
3
3
3
3
3
5
3

3
3
3
3
3
5
3

3

o
o
o
o
o

8
8
8
8

<
33
5
3
3
3
3

i
M
M
M

8
8
8
8
8
8

o
S
S
o
o
S
u

C
J
O
O
O
O
O
U

u
u
u
o
a
u
 i

8888gi
B
B
S
'

3
3
3
3
3
3

3
3
3
3
3
3
3
!

s
s
s
s
s
s
s

3
3
5
5
3
3
3

u
o
u
u
o
o
u
u

W
A
l
m

2
2
2
S
S
!
5
S

3
3
3
3
3
3

m
U
i

3
3
3
3
5
3

<
3
3
3
<
<

i
s
s
i
s
s
s

B
m
m

8
8
8
8
8
!

i

^3- S
i
i
 

S
?
i

t
»
9
9
9
m
>
>
 

i
;
9
Q
a
«
>
>

•
 S
2
2
T
 

•
 0
)
2
2
 I

t
S
S
i
g
s
l
i
?
 
t
:
5
i
g
s
l
d
?

w
e
D
f
f
i
s
«
>
>

pI

»
<
oH<

e
n
e

'ioJ=w4
>

«.>

B0
^

S
 
*
0

P
*
 
s

4
^
 

9
1

(
/
I

uoEoL
i

p
£<H<

a
 H

6«b 
-

O
 
j/2

•s =

=
 S

5
 ft-

B
 
cfi

D
£
 i
r

I
S
 

>■
B ^
y
 

fi
B

 
'M

W
 

S
s
 

u

II9s,fi
P

vMb



7
2

G
E
N
O
T
Y
P
E
S

Nu
cl

eo
ti

de
 p
os
it
io
n 
bp

1
4
7
-
1
5
1

1
8
6
-
1
9
6

2
0
6

2
2
7

2
3
7

2
3
9

2
4
0

2
5
1

2
8
3

3
1
6

By
ad
ag
i 
Ka

dd
i

-
A
A
A
T
T
T
C
A
G
T
T

T
T

T
A

A
A

T
T

By
ad
ag
i 
Da
bb
i

-
A
A
A
T
T
T
C
A
G
T
T

T
T

T
-

A
A

T
T

Uj
wa
la

-
A
A
A
T
T
T
C
A
G
T
T

T
T

T
-

A
A

T
T

An
ug

ra
ha

-
A
A
A
T
T
T
C
A
G
T
T

T
T

T
-

A
A

T
T

Ve
ll
ay
an
i 
Sa

mr
ud

hi
A
G
T
A
G

A
A
A
T
T
T
C
A
G
T
T

T
T

T
-

A
A

T
T

Ve
ll
ay
an
i 
Th

ej
us

A
G
T
A
G

D
e
l
e
t
i
o
n

G
C

A
-

G
G

G
G

C
C
8
-
1

-
-

-
-

-
-

-
-

Ta
bl
e 
1 l

a:
 Si

ng
le
 N
uc

le
ot

id
e 
Po
ly
mo
rp
hi
sm
s 
id
en
ti
fi
ed
 i
n 
pr

om
ot

er
 r
eg
io
n 
se
qu
en
ce
 o
f 
Ca
ps
an
th
in
 c
ap
so
ru
bi
n

sy
nt

ha
se

 g
en
e 
(1

47
-3

16
bp

)



♦4
^

■I
T

7
3

G
E

N
O

T
Y

P
E

S
N

uc
ie

ot
ld

e 
po

si
tio

n 
bp

34
4

35
0

37
4

42
0

42
2

43
6

4
4

2
46

2
46

3
46

9
47

0
47

3
59

9

By
ad

ag
i K

ad
di

C
C

A
C

C
T

A
G

T
A

-
T

A

By
ad

ag
i D

ab
bi

C
c

A
c

c
T

A
G

T
A

-
T

A

U
jw

al
a

c
c

A
c

c
T

A
G

T
A

-
T

A

An
ug

ra
ha

c
c

A
c

c
T

A
G

T
A

-
T

A

Ve
lla

ya
ni

 S
am

ru
dh

i
c

c
A

c
c

A
G

G
G

A
-

-
A

Ve
lla

ya
ni

 T
he

ju
s

A
c

A
c

c
A

G
G

G
A

G
-

G

C
C

8-
1

-
T

T
T

T
T

A
A

T
T

A
T

-

Ta
ble

 li
b:

 S
ing

le 
Nu

cie
otl

de
 P

oly
m

or
ph

ism
s 

ide
nt

ifie
d 

in 
pr

om
ot

er
 re

gio
n 

se
qu

en
ce

 o
f C

ap
sa

nt
hin

 c
ap

so
ru

bin
sy

nt
ha

se
 g

en
e 

(3
44

-5
99

bp
)



7
4

i
T

G
E
N
O
T
Y
P
E
S

Nu
cl

eo
ti

de
 p
os
it
io
n 
b
p

6
0
1

6
0
4

6
0
5

6
1
7

6
2
9

6
3
5

6
5
9

6
7
0

6
7
1

6
7
7

5
9
9

6
0
1

6
0
4

6
0
5

6
1
7

6
2
9

6
3
5

6
5
9

6
7
0

6
7
1

By
ad
ag
i 
Ka
dd
i

C
C

A
A

C
C

G
A

A
C

A
C

C
A

A
C

C
G

A
A

By
ad
ag
i 
Da
bb
i

C
c

A
A

C
C

G
A

A
C

A
c

c
A

A
C

C
G

A
A

Uj
wa
la

c
c

A
A

c
c

G
A

A
c

A
c

c
A

A
c

c
G

A
A

An
ug

ra
ha

c
c

A
A

c
c

G
A

A
c

A
c

c
A

A
c

c
G

A
A

Ve
ll
ay
an
i 
Sa

mr
ud

hi
c

T
C

G
c

c
G

A
A

c
A

c
T

C
G

c
c

G
A

A

Ve
ll
ay
an
i 
Th

ej
us

T
T

C
G

T
T

A
T

G
G

G
T

T
C

G
T

T
A

T
G

C
C
8
-
!

-

Ta
bl
e 
11

c:
 S
in
gl
e 
Nu

cl
eo

ti
de

 P
ol

ym
or

ph
is

ms
 id

en
ti
fi
ed
 i
n 
pr

om
ot

er
 r
eg
io
n 
se
qu
en
ce
 o
f 
Ca
ps
an
th
in
 c
ap
so
ru
bi
n

sy
nt

ha
se

 g
en
e 
(
6
0
1
-
6
7
1
b
p
)

O
o

U
)



■t
7

5 N
uc

le
ot

id
e 

po
si

tio
n 

bp

G
E

N
O

T
Y

P
E

S
67

7
67

9
68

0
71

7
71

8
71

9
72

2
72

3
72

7
72

9
73

1
75

4
75

5
76

4
77

2
77

3
78

8
79

1
79

7

By
ad

ag
i K

ad
di

C
T

C
A

A
-

A
T

A
T

A
G

-
A

T
-

C
A

-

By
ad

ag
i D

ab
bi

C
T

C
A

A
-

A
T

A
T

A
G

G
-

-
T

C
A

G

U
jw

al
a

c
T

C
A

A
-

A
T

A
T

A
0

G
T

T
T

A
A

■

An
iig

ra
ha

c
T

C
A

A
A

-
T

A
T

A
-

G
T

T
T

C
A

•

Ve
lla

ya
ni

 S
am

ru
dh

i
c

A
G

A
A

-
A

T
A

T
A

G
T

T
T

C
•

•

Ve
lla

ya
ni

 T
he

ju
s

G
A

T
G

C
A

A
G

C
A

C
-

-
-

-
-

-
•

C
C

8
-I

-

"

Ta
ble

 li
d:

 S
ing

le 
Nu

cle
ot

ide
 P

oly
m

or
ph

ism
s 

ide
nt

ifie
d 

in 
pr

om
ot

er
 re

gio
n 

se
qu

en
ce

 o
f C

ap
sa

nt
hin

 c
ap

so
ru

bin
sy

nt
ha

se
 g

en
e 

(6
77

-7
97

bp
)



76

4.8 Primer binding and amplification of Ccs gene

4.8.1 Mapping of Capsanthin capsorubin synthase gene position

Capsanthin capsorubin synthase, (Cc5) chromoplastic Capsicum annuum gene

located in Chromosome six between 9497216 - 950091! bp. The total size of Ccs

gene is 3695bp. Ccs cds gene specific primer binding site was 18bp downstream

region of the sequence. The Ccs promoter lies upstream 5'of the protein coding

region. Genome sequence of Ccs is obtained from Capsicum annuum cultivar Zunla-

1 chromosome 6, Pepper Zunla 1 RefNC_029982.1 whole genome sequence.

CATACAATCCCAGCAAATAAAATTATATCTACGAACTACGAAAAAGAAAAAAGATGAAG
AAGAAAATAATAATAAAAACTAAAATAAAAAAAGGTGTGTTTACCTTTTTGGGGGCAGC
AAAACGAGACTACGAGCrrCGTTGGAATCAACCACCACCGAAAAACGTCGCCGGTAAAT
TATATTTAAGTAAATCCGATATTTTGTAAAATAAATATTTAAGTAACAAATTATATAATCT
CGTATAACTGAACATGATAGTATATAATCGCTACTTAAAATGAAAAAATCACGTACGAAA
AATATTTTAAGTTTTTITTTTTAAArTTGGATGAAATAATTATTTTGGTTTATTAAAAACTG
AAGAAACTCAGGATTAAATTTAGTCGTGGAGGGCAAAAATTAGGTGTCAACAGTAATTGT
TCAGGAATAGGAAATGTTGAAATTTAGTAATCCATTAGGAAGTTAGTTAATGTTACGTGA
GCTTAATAAGGCTCCGGCTTAGCATGTCAGTAGCAGACTCATTGTATAGGCCACAGCTTG
GCCTCTGTTTCAGTCATCTTAGGCTTGCATCAGTTGGTCTTGCACTTGTGCTGTCTGTGTCA
TAATTCAACCACCCAAGGGTGTGGCCTAGTGGTTCAGTGAAGTGGGTTGAGTACCATGAG
GTCTCAGGTTCAATCTCCAACAGAGACAAACATTAGGTGAATTATTTTCATCTGTTCTAAG
CTTGGTAGACAGGTACCTGTTGTTGGTGGGAGGTGGCAGGTATCCGTGGAATTAGTCGAG
TGCACGCAATCTGGCCCGAACACCATAGTTATCCAAAAAAACAAAAAACAAAGAACTAA
TTCAACTAATCTAACTACTGTAATTACATTGAGATATGCAACACGTGGAATTTCTTTTCCA

AGAAAGTTCTCAGTTTGAAGCATnTGGTCTTATATATTCGTCAGTCTGAGGTTCGTAATT
TTTGCTTGTACAGGGGTTTGTTAACATGCTTGATTGTGCTCTTCCTTTACTTGATAATTGCT

GCTTGTTGTGGGGGCATCACTCTACCITCCTGCAGATCATGAATTTTCTGACAAGGAACAC
AGTGAAAGGTTATTGTATAACTAATCCAGTGGATTCTCATTCTGGCACCTTTAAAAGTACA

TGTTCAGAAAAGAATGATAAGGTTTGTATTGTTGTTGACGAGGCTCTGTGCCTTTTCAAAT
TTGTAAATGTTCTGGTGGACTCCTAAACTGCCCTAAAGCTGGTATTGGTCTTCCATATTAT
GTATGTTATAGAGAAGTTCAGAACTTACATAAGTGCCTGTTTGTAAATATAAGGCCGTGTT

GTGACTTACCTTTTGCAAATATTTACTATGGCAATTCACATTTTTCAAATACGTGGTGGTT
GAGAGTTTGTGTATAGATGTTGCTTAGCAATAATTTGAGTTTGTGGGAGGTATTTCAAGAG
TTGTTAGGAAGTGGATTACCTTTGACTTTAAGGGGTAGTTTGGTAGAGTGTATTGAAAAA

GTTAATGCATGCATTAGCTTAATGTACTATTAGTACCTTGTTTGGTACATTGTTTTGCCCTA
TGTATAAGTAATGTTTCCATTACTTATACACACTATAGTGTATTGGGTGATGTGTTACTAA

TACCATCATTTTCCTATGTATTAGTAATGCAAAAGATTTCAACACATGCATTAACTTGATA
ATGACAATCTTGCCCCTCAAATTCAACATTTCTCAAGTTCTTTTGTTTGTGGATTTTCTAAA

AAAAAAAAATAGATTAATATGTAAAATAATTGGAAAAAAATGAATATTAAATTTTTTATA

TATTGAAAATGAAAACACTGGAGTGTTGTTTTATTGAAAAACTTCATCTTTGCATAGATGC
ATTTTTGTGAGGAAGTAGTAGAAGATATCAACCATTTCTTCATTAATTGAAAATCTTTAGT
CAACTGTAGAATrrAAAATTCAACATTTTGGTGTATGCCTGGATCTrnrCGGAATTTCTG
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TTTACACGATAGAGAAATGGAATAACTAAACCACTGCTTCCCCTGGCACACCACTCTTGG
AGCCATATGTTGGGTTAGTTAGAAAGAAAGGAACACTAAATTTTTCGAAGACGAATGATA
TTGTACGGCAACTCAACACAAGTGGAGAGGAAATTGCTTATCTTAGAATAAAACATAAAA
AAGAATTTACCTTGTGTTTTAGAATAAAACACAGAAAAGGAGTTATCTTAAAAAAAAAAA

AAAGGAAGAAAGGATCAACTTTGAAAAAATTATGCGTTTTACCATTTAAAATTGAAAAGA
TAAATATTCTnTAAAAGAAGTTGTTGAATGGAAAATATTGGAAGAATTTCATTTCArrTT
ACAAAAATAAAGAGTGTAGAGGGTATTTTTGTAAATCAATArnTTTCTATAAAAAATAT
ATAAGAAATATTATTTTAATACATCAAATCAAATACTGTATAAGAAATAATGTTAACATA

ATTAATGCAAGTATAGCTAATACCAACATTACTAATGCAAGTATTACTAATACACCATAT

TCTATATTAATCTTATATACTCTACCAAACGACCCTAAGTGTGTATCTATATCCTCCGAGA

ATTTGGAATTTGCAAATTCCAAGTTTTGTATCTCCCTTTCCCAGAAATTAAGATAATTCTG

GTGCTTTTAGCATTAGAAAAGTATTTATTGGGTAGGGAAATGTCATGACTTCACAGCATTA

AGCATCAAGGGTATAACTTAATGAAATAGTGGTCAATGAATTATATTGAGAATGACGAGG

TCTCTGTTCCAACTTTGGTAGACTTTGGAAATGCTCGTCTGGACGCCGCCCATTCTTTCTA

GTCTTGGTGCCATTCTATTTGGTCTGAGAATGGCATGATGCCAAATTCTACCTTTTCACAA

TGAGCATTCGACCTACTCTTCTTTTTTCGACTCATTTGACCTACTAGGCATTGGCCAACTTG

GCTAACCACTTGAGGAACTAGAGTTCGGATTCAATAGAATCTAATAATTTTAATCAAAAG

ACTTCATGTATATTGAAAAATCTATTTATAACTAACTTTAAATCGGCCTTTACGTATCGAC

GTAATCAAAATTGTGTCAGCTTGCCACGTGGGGTCTAGTATGAGTTTGAAATTGGTCATA

GGGGCCCCAATTCCACTAATACAGCTGCCGTCCATGCACTACAAGACAAATACACCACTA

TGTTTGTTAGTGCTTGGTAAATGTAAAACAAACTTTTGATGAGAATCTATTCGTGGCATCG

AAGTGCTGCAAATTGGCTnTACCTCTGCTACTTCAAGCCTCACTGATTTTCACCCCAACT

TTCTCATTTCCCTTTCAAGGATTTGATTTTCCAGTTGGGCATGTTAAAAACAACAATTTTCC

TCAAAACTGTAGAAATGATTTCTCATATTTTAATCAGTCAAATTATTTAAACAAGAAGTTG

ATTTTTTTTTAATTTTTTTTTTTACAAAAAAATTTCAAATGTCAAGTAAGATTTTTCAAATT

GAAACTGAATAAGCTGCGACTTTAGAAACAAAAAACTAAGATAAGTAAAAATACCAAAA

AGAGTGAATCACATCAATTGAATTCTTCCAACAGTTCGTTrmTAGTTTCTGTTTTGGGAA

GAGGAGTACTACAAGGTAGGACCTCCAACAATCAACAATATCTAAGTTGCAAAAGTTTTT

GTGCGTTTTTTAGTTTCTGTTTCGAGAAGAGGAATACTACAAGTTCGTTTTTTAGTTTCTGT

TTTGGGAAGAGGAGTACTGCAAGGTAGGACCTCCAACAATTATCAATATCTAAATTGCAA

AAATTTCAGTTCGTTTTTAGTTTCTGTTTCGGGAAAAGGAATACTACAAGTTCGTTTTTTA

GTTTCTATTTTGGGAAGAGGAGTACTACAAGGTAGGACCTCCAATACCTAAATTGCAAAA

ATTTCAGTTCGTTTTTTAGTTTCAGTTTAGGGAAGAGGAATACTACAAGGTAGGACCTCCA

ACAATCATCAATACCTAAATTGCAAAAATTTCAGTTCGTnTTTAGTTTATGTTTTGGGAA

GAAGAATACTACAAGGCAGTGGTGGAGCTACCTTATGATTAGGGGGTTCATCCGAACCTC

CTTCGACGGAAAATTATACTATTTTTATAAGTGAAAATTATTTTTTATGTATATATAATTG

ATGTTGAACCCCCTTCGGTTAGTTCATGTATCTATATTTTTTTATTTTGAACCCCGATGAAA

ATTTGGGCTCCGCCACTGCTACAAGGTAGGACCTCCAACAATCACCAATACCTAAATTGC

AAAAATTTCAGTTTGCrmTAGTTTCTGTTTTGGGAAGAGGAATACTACAAGGTAGGACC

TCCAACAATCACCAATACCTAAATTGCAACGGTTTTTTAGTTTCTGTTTTGGGAAGAGGAA

TACTACATGGTAGGGCCTCCAACAATCACCAATACCTAAATTGCAAAAATTTCAGTTCGT

ATTTTCGTTTCTATTTTGGGAAGTGGAATAGTATAAGGTAGGACCTCCAACAATCACCAAT

ACCTAAATTGCAAAAGTTCCGATTCATTTTTTAGTTTCTGTTTTGGAAAGAGAAATACTAC

AAGGTAGGGCCTACAACAATCACCAGTACCTAAATTGTAAAAATTTCAGTTCGTTTTTTA

GTTTCTATTTTGAGAAGAGGAATGCTACAAGGTAGGGCCTACAACAATCACCAGTACCTA

AATTGTAAAAATTTCAGTTCGTTTTTTAGTTTCTGTTTTGGGAAGAGGAATACTACAAGGT

AGGGCCTCCAACAATCAGCAATACCTAAATTACAAAAATTTCAATTCGTTTTTTAGTTTCT

/3 ̂
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GTTTTGGGAAGAGGAATACTACAAGGCAGTGGCGGAGCTACCTTATGATTAGGGGTTCAT

CCGAACCTCCTTCGACGGAAAATTATACTA11 11 1GTATAGT AAAAATT ATTTTTT ATGT A
TATATAATTGATGTTGAACCCTCTTCGGTTAGnTGTGTATCTATAn 11 n lATT

TrnGAC TCC C.C C \ /T6(T4< 1.1667 1 If GRK. I ITCACCA

A TACCTAAA TTGCAAAAA TTTC AGTTCGTTTTTTAA TTTCTGTTrTGGGAAGAGGAA TACTAC
AAGGCCTCCAACAA TCACCAA TACCTAAA TTGCATAAA TTTTAGTTTGTTTTTTAGTTTCTGT

TTTGGGAAGAGGAA TACTACAAGGTAAGGCCTCCAACAA TCACCAA TACCTAAA TTGCAAAA

A TTTCAGTTCGTATTTTCGTTTCTA TTTTGGGAAGTGGAA TAGTATAAGGTAGGACCTCCA4

CA4 TCACCAA TACCTAAA TTGCAA A4GTTCCGA TTCA TTTTTTAGTTTCTGTTTTGGAAAGAG

AAA TACTACAAGGTAGGGCCTCCAACAVTCACCAGTACCTAAATTGTAAAAA TTTCAGTTCG
TTTTTTAGTTTCTA TTTTGGGAAGTGGAA TAGTA TAAGGTAGGACCTCCAACAATCACCAA T

ACCTAAA TTGCAAAAGTTCCGATTCTTTTTTTAGTTTCTGTTTTGGAAAGAGAAATACTACAA
GATAGGACCTTCAXCAATCACCAATACCTAAA TTGCAAAAACTTCAGTTCATTTTTTAGTTTC

TGTTTTGGGAAGAAGAA TACTTCAAGGTAACAATCACCAATACCTAA4 TTAAiAA TTTCAGT
TAGTTTTTTAGTTTCTGTTTTTGGGA4GAGGAATACTTTCTTTTGCTATATAA4GCCAAAGTA

GGTACCTA TAAGCA TCA X TA TTTTGTA TTGCTTAGTGA TTCCCCTAGTTCGGTA TTTCA TTTT
TTTTCACTA TACTA TA TCACCTCCTCTCA TA I ITAGCCA TTA TAAA TCTTGCA TTTTCTCTAA T
f;r.mrr(TrCTlH6CCTTTTCCATCTCCTTTACTTTCCATTCCTACTCCTAACATGT

ATAGTTTCAAACACAACICCACTlTTrrAAATCCAACCAAACAAAAAGATTCAAGAA

AGTTCCATTATAGAAACAAAAGCAGTAC AC A r11TTGTAGCTTTCTTGATTTAGCACC

CACATCAAAGCCAGAGTCTTTAGATGTTAACATCTCATGGGTTGATACTGATCTGGA

CGGGGCTGAATTCGACGTGATCATCATTGGAACTGGCCCTGCCGGGCTTCGGCTAG

CTGAACAAGTTTCTAAATATGGTATTAAGGTATGTTGCGTTGACCCTTCACCACTTTC

CATGTGGCCAAATAATTATGGTGTTTGGGTTGATGAGTTTGAAAAGTTGGGATTAGA

AGATTGTCTAGATCATAAGTGGCC TGTGAGT1GTGTTCATA1 AAGTGATCACAAGAC

TAAGTATTTGGACAGACCATATGGTAGAGTAAGTAGAAAGAAGTTGAAGTTGAAATT

GTTGAATAG1TGTGTTGAAAATAGAGTGAAG TTTTATAAAGCCAAGGTTTTGAAAGT

G AAGCATG AAG AATTTGAGTCTTCG ATTGTTTG TG ATGATGGTAGGAAG ATAAGCGG

TAGCTTGATTGTTG ATGCAAG1 GGCTATGCTAGTGATTTTA1 AGAGTATGACAAGCC

AAGAA ACC ATGGTTATCAAGTTGCTC ATGGGATTTTAGCAGAAGTTGATAATCATCC

ATTTGATTTGGATAAAATGATGCT1ATGGAT1GGAGGGATTCTCATTTAGG1AATGA

GC:C ATATCTGAGGGTGAAGAATACTAAAGAAC:CAAC ATTCTTGTATC;C AATGCCATT

TGATAGGAATTTGGTATTCTTGGAAGAGACTTCTTTAGTGAGTCGGCCTATGTTATC

GTATATGGAAGTGAAAAGAAGGATGGTAGCAAGATTAAGACATTTGGGGATCAAAG

TG AG AAGTGTCCTTG AGG AAG AG AAGTGTGTG ATCACTATGGG AGG ACCACTTCCG

CGGATTCCTCAAAATGTTATGGCTATTGGTGGG ACn CAGGGATAG1TCATCC ATCG

TCTGGGTACATGGTGGCTCGTAGCATGGCATTGGCACCAGTACTGGCTGAGGCCAT

CGTCGAAAGCCTTGGCTCAACAAGAATGATAAGAGGGTCTCAACTTTACCATAGAGT

TTGGAATGGTTTGTGGCCTTCGGA1 AGAAGACGTGTTAGAGAATGTTATTGT1TCGG

AATGGAGACTTTGTTGAAGCTTGATTTGGAAGGTACTAGGAGATTGTTTGATGCTTT

CTTTGATGTTGATCrCAAGTACTGGCACGGGTTCCTTTCTTrAACATTGTCTGTCAA

AGAACTTGCTGTAC TCAGTTTGTACC TTTTTGGACATGCCTCTAATTTGGCTAGGTT

GGA1 ATTGTTAC AAAGTGC AC rGI CC CT TTGGTTAAAC TGn GGGC A ATf 1 AGCAAT

AG AG AC;CC 1 TT(; A ATTAATATGATAGTTTTGAAGCACTGTTTTCATTTTAATTTCTTAGGT
TAnTTCATCmTCTCAATGCAAAAGTGAAACAAAAGCTATACACA'TTGTCATCGTrGTT

CAAACTCAGACAAGTTTGCCTAGCTCTATGTATTTATCCTTAACATATGTATTCATCAAAT

TCGAAATATACAATGCATTGGACAAAAGTATAGAGCCACAATCCGATACCAAGTCTGTAT

\37
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TTGGAAGCACTGTCTAATTGTTATGGTTACCAAACACTTTGAATTGGCTGGATAATAACAA
ACAGGAAATTTATGTTTTTAATCATTAACAGCAAATTGGGAAAGCAAGAATTATTAGGAA
AGTTAATATAGTGTCTTGGTTATTCTAATGGAGTGGGTTATGCAAATTAAGTTCCCrrATC
AAAGTTTGGTTTATGAACTGCTCCACTCTTGTCCCTCTTAAAAGCCTTAATCCCAACATGT
ACCACCAAAGAATTGAGCTGCTCCATCAGATCCTTTGAGAATGTTAATATGTTATTTAAAT
GAAGGACTGAATGATTATGAGGATGCAATGCATAGGTTTAATTACCAGTTATCTGTAAAT
TGTCTTCTTTGCCATTATTTTAAAAGTTTAATAACAAGTGTAACATCTACAAAGAGTTGAT
AATTACAAAGCAGCTACTAGTTTTAGGTTCCTCCACCAACTAGACTAAATAAGCCATGGC
CCCAAGTAACAAGACAAAGGTTTGATCAAAAGAAAAAAAAAAAGTAAAAAGATTAAATA
TCACATGAGATTAATAGAAGCGAATGAGAACTTAAGAGTAAnTGATAAAGAAATTCGA
AAACCAACCATTTTGGAAAGTTCTTGTATAGTTTTACGTCTTAACTCCTCCTGTAACTTTTA
AGTGTCAAGTGGGCCGGGCCGGTTCCGGTTCAGGTTGGGGTTAGGTGGGGCGGGCCGGTT

CCGGGTrCAACAGTAAAAATATTGAAAACAACCCTAAACCGGCCCACTTAACCCAACCCG

GTTAAACTCACCTAAATCCGGTGAAACCCGATTAAAAATCGGTCAAACCCGTTTAAAAAA
AATGAAAAATCCAATATACACTACATACACTACAATTATATACACTTCAATATACATTAT

ATACACTACAATTATGCAATATATATTTTTTAAAATATATATAAACAATTACACATATATA

CGTATCATTCAACACATAATTATATATGACTATACGTACTACTTTAAATAAAACATATACT

ACAAATCTACAATAGTACAATATATATATATATATACACTACAATATATATATATATATAG

TTATATACTAATTTATAAAACATATACACAnTATACGTTAAATATATACGCTTATAGAAG

ATATATACACATATATACGCACCATTCAATA

Green bold - Ccs cds

Blue bold italicized - Ccs promoter

Red bold - Primer binding region of Ccs cds

- Primer binding region of Ccs promoter

/^tS
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4.9 Elucidation of carotenoid metabolic pathway for production of capsanthin
and capsorubin

Carotenoid metabolic pathway was downloaded from STRING pathway data

base and analysis of pathway for the number of genes and enzymes involved was done.

Details are provided in (Tablel2).

Carotenoid pathway genes Carotenoid pathway enzymes

IDl Iso pentenyl di phosphate isomerase

Psy phytoene synthase

Pds phytoene desaturase

Zds ^-carotene desaturase

Lcyp Lycopene p cyclase

Lcye Lycopene epsilon cyclase

Zep Zeaxanthin epoxidase

LCY lycopene cyclase

CCD Carotenoid cleavage dioxygenase

Ccs Capsanthin capsorubin synthase

NCED 9-cis-epoxycarotenoid dioxygenase

CrtlSO ^-carotene isomerase

CrtL-el Lycopene epsilon cyclase

CYP97A29 p-carotene hydroxylase (P450) 97A29

VDE violaxanthin de-epoxidase

Table 12: Genes and enzymes present in the carotenoid metabolic pathway

/i?
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4.9.1 Transcriptome data mining and analysis

In this study, a general search was performed for the retrieval of fruit ESTs

from Capsicum annum and fifty ESTs were downloaded from NCBl s dbEST

database. The sequences were subjected to cleaning for the removal of vector

contaminants and splice sites using SeqClean and Phrap programs and valid

sequences were selected for analysis. Assembly of the selected EST sequences was

done using genome assembler and significant contigs were selected.

>Contigl
GTCGACCTTTGGTACGCTTGATACAGATTATGTTTTCAAl U I I IAGAGTAAAGCTAGGGAA
CTTCTTATGTAAGCCTTGAAATTTTGAACCCATGATCGGGGAATAGAACAAGTGACCATCC
CCTTGTTATCCAGCTGCAGAGTATATTCCTGAATTTTGTGACAACAATAAATTTCTTTTCCA

TCTAATAAT

>Contig2
GTAGACGATTAGTACGCTTGATrCGAGCGGCCGCCCGGGCAGGTAATTCGAATATTTCCTT
AGATATACGTAGTCTACGTATTGAGATTTGAGTCAGAGGGGAATTTTCGGAAGGAGAACCC
CTTGTAGCAATTCCCTTGATGrrGlTGACCAAATTTCTCTGTAGTATAGTAAGTAAATGTGA
TTTCATTTCATTTGTAATAAAAAAATAATATTATCTC

>Contig3
CCCCGTCTGCAGGAATTCGATACmTAACTTGGTGCTGACATAATTAGTGATTCAATTTTC
GGGGAAGTCTAGTTTGTCTACTTTTTTTTTTTTTTTTTGGGGGGTATTATTTTCTGTTGTCTA
ATTTATCACACTAGCAAGTGGCAAAAATGTTTTAACTACG

>Contig4
CCTGCAATTGAATCACATArrACAGGCGGAGTTAAAGTGTAATTCATCCTAAACATTATAC
TATTAGAACTTTCTGATGGTGCTTTGAATn"lTCTTTTAGATAGTGCACTnTATGTCGTATG
AAGTTTTAAATGAGAGAAGrnTrCAAGTCAAGATGCTGACAATTAGAriTATTTCATCTGA
AACTTTGTTTCATGTAGTGCACTGATGTTGGAAGTAACCATGCAGTGCTGGTAACCATrTAG
ACATGTTATTATGTCAATACTAGCTCTGATriTCGAAGTATAATACAAACTTGTGTTCCTTC

GTCATTTTCC

>Contig5
GGAATGAAATGAAATGAAAITACTTACTAACTGCAGAGAAATTTGGTCAACAACATCAAG
GGAATTGCTACAAAAAATTCTCCTTCCGAAAATTTGTCTCTGACTCAAATCTCAATACGTAG
ACTACGTATATCTAAGGAAATATTCGAATTACCTGCCCCGGGAGACTTmrCCATGTCTTG
CTGGCCGGCTTTTAACAACCTGCGTA-nAGTTCCTTACGCCCTTTTCAAAGGCCCTTCCAAA
AAATAACGGTTGGGCGTGTArrCCCCCATGTTACCCGCTCCAGTTGCCCGGGCCCITTACAC

CCGTCTTTGA

>Contig6
TTAACCCCTTCTGCAGGCAATTCGATACGAGGGGGTCTGAGAAAGAAGCATAAGGCATCTT
TTGCAACTTGAGGGGTAGTAArGTTGGTAlTGAGTATGGAATGTTGTGGCTTCCATCTCCCA
GTGCTTGTTTTGTGCn GTGATGGACAlTCn TTTCG I I I 1 1CATGTAGT AATTCCAATTTT A
GTAACTTAAAAGrrGGTGTTCCTCAAGTATAAAAGCAATGTITCTTGCTCCCGTGAACCACT
AAGGGGACCCCTAACCCCAACGGCCCCCCCGTGCCCAAATTACCCTCTCrCCCCCCCCCTT
ACCGGGGGCCCCCTGTCCCCATrTAAACCCCTTGGGAAACCCAAAAACCCCCCCTTTCACC
ACATTTCCTTTTCCCCCAGGAGCIGCAAAAACCCCCAGCCCCCCAAACTAATACCCCTCCC

/(f.0
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ACAACCCAACCCCCCCTCACAACCGGATGGGAACCCATAAATGGCCCCACCCAATTTCCCC
CTCACCAAAATTTTTACACCCCCCCAAGGGTAACCCCGCCCCCCCCCCC

>Contig7
rrGACGCCTTACAGATTATGTTTICAATmTTAGAGTAAAGCTAGGGAAnTCTTATGTAA
GCCTTGAAATTTTGAACCCATGATCCAAAATAGAACAAGTGATCATTGACTTGTTATCCAG
CTGCAGAGTATATTCTGCATTTTGTGACAACAATAAATTCCmTCCAGC

These contigs were further searched for identification of their respective genes

using Blastn against Capsicum annum genome. The gene names of the seven contigs

and their corresponding chromosomal location are given in Table 13.

Contigs Name Chromosomal

Location

Contig 1 Bromo domain containing protein 9

(LOCI 07866786)

4

Contig 2 Uncharacterized (LOCI07853383) mRNA Un

Contig 3 E3 Ubiquitin Ligase SUDl (LOC107840255) 8

Contig 4 YIF-1B like (LOC107875322) 6

Contig 5 Uncharacterized (LOC 107853383) mRNA Un

Contig 6 Zinc finger A20 and ANl domain containing

stress-associated protein 8-like

(LOC 107839016) transcript variant X3

1

Contig 7 Bromo domain containing protein 9

(LOC 107866786)

4

Tab!el3: Details of contigs generated with EST's using genome assembler

Further mapping of these contigs with carotinoid biosynthesis pathway using KEGG

mapping showed none of the seven genes in the pathway.
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4.10 Gene regulatory network analysis

Gene regulatory network is an undirected graph representing biological

systems and behavior using biological compounds that are generated from omics

data. Gene regulatory network composed of nodes and edges representing genes and

mutual co-expression relationships.

In this study genes associated with the carotenoid biosynthesis pathway and

transcriptomics data for carotenoid biosynthetic genes from STRING database were

used. The transcriptomic data were analyzed by gene regulatory network provided a

network of transcription factors with several major highly interacting nodes by using

cytoscape a web based software.

Carotenoid Gene regulatory network contained 94 nodes and 100 edges and

included many genes associated with the general Carotenoid biosynthesis pathway,

Steroid pathway, kinases, transcription factors and several corresponding to proteins

of unknown function. Gene annotation analysis showed that many of the genes were

associated with carotenoid biosynthesis processes. The main Carotenoid biosynthetic

pathway genes (Phytoene Synthase, Phytoene desaturase, Zeta carotene isomerase,

Zetacarotene desaturase, Carotene isomerase, lycopene cyclase, zeaxnthin epoxidase,

vialoxathin epoxidase, Capsanthin capsorubin synthase, neoxanthion epoxidase), as

well as some transcription factors and transferase/transport proteins were densely

connected, while several other genes involved in further upstream and downstream

pathways were also within the network (FiglO).

In pepper {Capsicum anmntm) carotenoids are synthesized from five carbon

isoprenoid units like isopentenyl diphosphate (IPP) and its double-bond isomer

dimethylallyl diphosphate (DMAPP). Produced by the plastidal MEP (2-C-methyl-d-

erythritol-4-phosphate) pathway. The first step in carotenoid biosynthesis is

condensation of two GGPP molecules catalyzed by PSY (phytoene synthase) to form

phytoene, and interacting protein partners like DXS (l-deoxy-d-xylulose-5-phosphate
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synthase), GGPSl (Geranylgeranyl pyrophosphate synthasel), GGPS2

(Geranylgeranyl pyrophosphate synthase 2), DXR(l-deoxy-d-xylulose-5-phosphate

reductase), GGR (Geranyl geranyl reductase), and other proteins shown in (Tablel4).

Phytoene is colour less compound undergoes series of desaturation and

isomerization reaction to synthesize conjugated double bonds and transform 15 cis-

phytoene into all-trans-lycopene by PDS (Phytoene desaurase) and correlated

enzymes Z-ISO (Zeta carotene isomerase), ZDS (Zeta-carotene desaturase), CrtlSO

(Carotenoid isomerase), LYC (Lycopene cyciase), LUT2 (Lutein deficient 2), ABAl

(ABA deficient!), IM (Immutans), CYP97A3, (Cytochrome P450, family 97,

subfamily A, polypeptide 3), CLAl (Chloroplastos alterados 1), and

CCD!,(Carotenoid cleavage dioxygenase 1).

All-trans-lycopene requires CRTISO (Carotenoid isomerase), capable of

isomerizing cis bonds at 7, 9 and 70, 90 positions to convert tetra-cislycopene to all-

trans-lycopene. CRTISO (Carotenoid isomerase), enzyme interacted with LYC

(Lycopene cyciase) undergoescyclization of lycopene distinguished by different end

groups by addition of (P ring) or (e-type ring). Rings synthesized by

enzymeslycopene P-cyclase andcrtL-e-1 (lycopene epsilon cyciase), p -chain

interacted with CrtRb2 (p - carotene hydroxylase2) protein and convert p-carotene

into zeaxanthin. And CrtRb2 interacting with zeaxnthin epoxidase, vialoxathin

epoxidase enzyme to convert zeaxanthin into vialoxanthin it is a reversible reaction.

And vialoxanthin converted into capsorubin with the help of capsanthin capsorubin

synthase enzyme. CCS interrelated to pap (fibrillin) chromoplatic protein involved in

colour formation. Vialoxantin again converted to neoxanthin via neoxanthin synthase.

€ -strand correlated with crtL-e-l (lycopene epsilon cyciase), and catalyzes single

cyclization reaction which converts lycopene into delta carotene and alpha carotene

and converted into leulin by CYP97A29, CRTRBl, CRTRB2 and CYP97C11

enzymes.

/4^
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4.11 Enzymes involved in carotenoid metabolic pathway in Capsicum annuitm

Chilli

{Capsicum annuum) comprised more than 20 core enzymes involved in

carotenoid metabolism through 2-C-methyl-d-erythritol-4-phosphate (MEP) pathway

(TableM). Analysis of chromoplast proteins from chilli identified 17 enzymes present

in the carotenoid metabolic pathway. The MEP pathway uses glyceraldehyde 3-

phosphate and pyruvate as primary substrate to produce deoxy-D-xylulose 5-

phosphate {DXP)\ this is catalyzed by DXP synthase, and DXS, 1-deoxy-d-xylulose-

5-phosphate synthase. MEP is consequently formed via reduction of DXP by the

enzyme DXP reductoisomerase {DXR). IPP and DMAPP are formed after a number

of subsequent steps and successively undergo a sequential series of condensation with

the help of MCT, 4-hydroxy-3- methylbut-2-en-l-yl diphosphate synthase {HDS),

HDR, and ID enzymes to yield, geranylgeranyl diphosphate {GGPP) the precursor of

carotenoid biosynthesis.

Carotenoid biosynthesis started with the condensation of two GGPP

molecules by phytoene synthase {PSY) to form phytoene. (Tomato contains three

tissue-specific isoforms with PSYl) Phytoene is converted into tetra-cis-lycopene by

the introduction of four double bonds via enzymes: phytoene desaturase {PDS) and z-

carotene desaturase (ZDS). Tetra-cislycopene is converted into all-trans-lycopene via

isomerization of cis bonds at 7, 9 and 70, 90 positions by carotenoid isomerase

{CRtlSO) enzyme.

For the cyclases in plants the desired substrate is all-trans-lycopene. The

cyclization of lycopene is a critical step in carotenoid metabolism and generates

carotenoid diversity distinguished by different cyclic end groups: either by adding

beta 03-ring) or epsilon (a-ring). These rings are generated by the enzymes lycopene

13-cyclase (P-ZCT) and lycopene c-cyclase (e-LCY), respectively.P-LCY catalyzes

cyclization of both ends of lycopene, c-LCY typically cyclizes only one end, forming
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the monocyclic (a-carotene).and other enzymes include production of keto cyclic

carotenoids i.e. capsanthin and capsorubin, which are the signature pigments of the

pepper family catalyzed by capsanthin-capsorubin synthase (Ccs) by the convertion

of epoxy-carotenoids antheraxanthin into capsanthin and violaxanthin into

capsorubin.
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Pathway genes Interacting proteins

(Psy) phytoene synthase PDS, CrtIS0,GGPS2 ZDS, CYP51 LOCI01250973, FPSI,

SppS, DXS, GGPSl LOCI 01246371, LOC101249319,
LOC100037490, LOC 101264777, LOC 104649012,

LOC100736533, LOC107873488, LOC101254144, CrtlSO,

GGR, LOC 101244544, DXR, HY5, FTB, FPS, FTA,

LOC 107874612, LOC 107862834, CPT6, CPT3, PSYI

(Pds) phytoene desaturase PSY, Z-ISO, CrtlSO, LYC, ZDS, LUT2, ABAl, IM, CYP97A3,

CLA1,PEP, CCD 1, PDS

(ZISO) ̂-carotene isomerase ZDS

(Zds) i^-carotene desaturase AL2, CrtlSO, LCYl, PSYI, LOC543649, CrtL-e-1, PSY2

(CrtlSO) ̂-carotene isomerase

carotenoid isomerase

ZDS, PSYI 1, CrtL-e-1, PSY2, LCYl, LOC543649 GGPS2

(LCY)lycopene cyclase CYP97A29, ZDS, CrtlSO, CrtR-b2, CrtL-e-1, CYP97C11

LOC 101266560, CrtR-bl

(CrtL-el)Lycopene epsilon

cyclase

CYP97C1, CrtlSO, ZDS, LCYl, LOC543649, CrtR-b2, CrtR-

bl

(ZE) Zeaxanthin epoxidase Gene B, VDE, CYP97A29, CrtR-bl

(Ccs) Capsanthin capsorubin

synthase

NSY

(VDE) violaxanthin de-

epoxidase

ZE, CYP97A29, CrtR-bl

(NSY) neoxanthin synthase

(CYP97A29) p-carotene

hydroxylase(P450) 97A29

AL2, NSY, CAl, SM02-1, LOC101249215, SPDS2, SPDS3,

ACL5

(CCD) Carotenoid cleavage

dioxygenase

CCD7

(Crt-Z) Chloroplast-speciflc

lycopene beta-cyclase

CYP97A29, CYP97C11, LCYl, ZE, LOC543696,

LOC101266560 ,CrtL-e-1

Tablel4: Enzymes involved in carotenoid biosynthesis pathway and interacting

proteins in Capsicum annuum based on network analysis

1^7
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5. DISCUSSION

Chilli {Capsicum anmium L.) is the most important solanaceous spice cum

vegetable crop grown throughout the world. Carotenoids are important coloured

compounds found in fruits which are normally fat soluble pigments derived from five

carbon isoprene units that polymerized enzymatically to form 40 carbon structures.

The characteristic red colour present in Capsicum spp. is resulting from capsanthin

and capsorubin compounds, both these enzymes involved in carotenoid biosynthesis

pathway (Govindarajan, 1985).

Capsanthin and capsorubin are the keto-carotenoids present in the thylakoid

membrane of the chromoplasts. These are the major red pigments present in ripened

fruits contributing upto 60 per cent of the total carotenoids. During ripening process

capsanthin and capsorubin increase constantly (Moehs et ai, 2001). Capsanthin

capsorubin synthase (Cc5) gene specifically express and synthesise carotenoid

pigments in mature fruits at chromoplasts maturation stage by incorporating

ketocarotenoids (Bouvier et al. 1994). Capsanthin is highly stable and used as natural

red colour in food industry, confectionaries, cosmetics, beverages, pharmaceuticals

and even as a dye in textile industries.

Byadagi is an important C. annuitm chilli type known for its deep red colour.

(108.92 ASTA) and negligible pungency (0.0045 per cent capsaicin).Demand for

Byadagi chilli has increased enormously as a source of natural red colour. It is mainly

exported as oleoresin which serves as a substitute to paprika oleoresin. In Byadagi

chilli, the studies on characterization using molecular markers and evaluation were

reported by Sandeep (2007) and Renuka (2014).

Investigations of carotenoid biosynthesis genes and their molecular

mechanism for the control of carotenoid biosynthesis is an active research area for a

number of vegetables and spices. Variation in specific alleles of carotenoid
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biosynthetic enzymes have been altered for carotenoid production (Welsch et a/.,2010

; Yan et ai, 2010).

The present study was conducted to analyze Capsanthin-capsombin synthase

{Ccs) gene in Byadagi chilli and to elucidate the carotenoid metabolic pathway for

production of capsanthin and capsorubin. The studies were focused on seven

genetically distinct chilli varieties/accessions of three different Capsicum spp. based

on colour at fully ripe fruit stage.

The results of the present investigations were discussed under two different

headings

1. Analysis of capsanthin capsorubin synthase gene

2. Elucidation of carotenoid metabolic pathway

5.1 Analysis of capsanthin capsorubin synthase gene in Cfl/7\/c«mspp.

5.1.1 Isolation, Purification and Quantification of DNA

Young, immature leaves were used for isolating DNA from seven chilli

genotypes. CTAB method reported by Roger and Bendich (1994) was used to extract

the DNA from the samples. This method yielded sufficient quantity of good quality

DNA. The electrophoresed DNA showed distinct band without shearing.

Grinding in liquid nitrogen was found to improve the quality of isolated DNA.

For preventing the phenolic oxidation, the addition of antioxidants like P-

mercaptoethanol during DNA isolation was found effective.

The disruption of the cell membrane of the sample was done with the help of

detergents which were used in the extraction buffer of CTAB (Cetyl Trimethyl

Ammonium Bromide). As a result of the action of detergent, the nucleic acid inside

the cell was released into the extraction buffer and prevented the co-precipitation of

the polysaccharides with nucleic acid by acting as a selective precipitant of nucleic

fSO
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acid. CTAB being a cationic detergent solubilised the cell membrane and formed a

complex with DNA (Sghaier and Mohammed, 2005).

CTAB along with PVP had an advantageous effect on the quality of DNA.

(Sreenath et ai, 1992; Gallego and Martinez, 1996). It acts along with the NaCI

which effectively disrupts the cell membrane and separate the polysaccharides. The

EDTA in the extraction buffer chelates the Mg^"" ions, protecting the DNA from

endonuclease activity. In the DNA extraction protocol, double treatment with

chloroform: isoamylalcohol mixture and centrifugation removed the pigments and

proteins from the nucleic acid. The DNA got precipitated with the addition of chilled

isopropanol and the pellet obtained after the centrifugation was washed with 70 per

cent alcohol followed by absolute alcohol to clear the traces of CTAB. The DNA was

rehydrated in TE buffer (Wettasinghe and Peffley, 1998; Babu, 2000).

According to Wettasinghe and Peffley (1998), a DNA sample is reported to be

of high quality if it has a band of high molecular weight with little smearing and a

low amount of RNA. To remove the RNA contamination from the isolated DNA

samples, RNase treatment was given (Gallego and Martinez, 1996 ; Wettasinghe and

Peffley, 1998). In the present study, on electrophoresis the RNase treated DNA

samples had shown a higher molecular weight, forming a single band just below the

well. This indicated that the DNA was of good quality.

For checking the quality of DNA. the absorbance ratio was calculated as OD

at 260/280 nm using spectrophotometer. Those samples which were having the ratio

ranging 1.8-2.0 were considered to be of high quality DNA. In samples with RNA

contamination, the absorbance ratio went beyond 2.0 and with protein contamination,

the ratio went below 1.8. High quality DNA was used for the molecular analyses.

5.1.2 Analysis ot capsanthin capsoruhin synthase gene in Capsicum spp.

In the present study an investigation was made to analyze genetic variation of

Capsanthin capsoriibin synthase (Ccs) gene in different chilli varieties with varied

/5-j
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colour. In the study, two Ccs gene specific SSR markers, Ccs Cds and Ccs promoter

(Tablel). (Li et aL 2013) were used for detecting specific variation between chilli

genotypes.

PGR amplification with primer Ccs Cds generated single, clear, distinct band

of about l.Skb size in all red and yellow varieties (PlateS). The primer specifically

amplified the Capsanthin capsorubin synthase {Ccs) region of the y locus in the

genome of the Capsicum (Lefebvre et aL, 1998; Li et al., 2013).

Sequence analysis of the amplicons of Ccs Cds primer set had showed 99 per

cent identity with the Capsanthin capsorubin synthase gene (Figla-lg). Comparitive

study of Ccs sequences using clustalX in different genotypes revealed several SNPs

identified between the genotypes.

SNPs identified in Byadagi Kaddi and Byadagi Dabbi showed that the

specific substitution of a novel allele at 425'^ amino acid position as lysine replaced

by glutamic acid in the gene locus and this may lead to the increase of colour and

increase in the catalytic activity of carotenoid cyclases in chillies as reported by

(Mialoundama etal, 2010).

Vellayani Samrudhi, an orange fruited genotype {Capsicum frutescens\ had

10 SNPs G 107 A , C 129 A, C 235 G, T 630 C, A 312 T, G 831 A, A 834 G, A 1071

G, G 1272 A, A 1273 G and nucleotide deletions observed at 834,1043,1056,1072

positions in the coding region of the gene that led to change in amino acid coded i.e

tyrosine (Y) replaced by serine (S) at 43'^ position, arginine (R) replaced glycine (G)

79'^ position and amino acid deletions are present at 278, 348, 352, 358 positions and

glutamic acid (E) replaced by lysine (K) at 425"' position of Ccs gene. Orange colour
fruit is due to deletions in the Capsanthin capsorubin synthase gene which is in

accordance with reports by Lang et al. (2004). Formation of red colour pepper fruits

requires the regular expression of Ccs gene and adequate amount of substrate for Ccs,

whereas deficiency of Ccs gene expression or substrate leads to synthesis of orange

/5,2
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or yellow fruit colours. Rodriguez-Uribe et al. (2012) reported that orange fruit

colour formation was due to changes in the carotenoid biosynthesis genes and

transcriptional and post transcriptional regulation of the genes.

Vellayani Thejus, a Capsicum chinense genotype had nine SNPs G 107 A, C

129 A, C 235 G, T 630 C, G 831 A, A 834 G, A 1071 G, G 1272 A, A 1273 G

positions in the coding region of the gene that led to change in the amino acids coding

sequence i.e Serine (S) replaced by lyrosine (Y) at 43'^ position, arginine (R) replaced
glycine (G) at 79'^ position and glutamic acid (E) replaced by Lysine (K) at 425*^
position.

CC8-1 is a yellow colour fruit genotype {Capsicum chinense). Analysis of Ccs

gene sequence showed presence of premature stop codon at 200'^ position via single
base change at 599 bp that led to transcriptional silencing of Capsanthin capsorubin

synthase gene. This mutation was preventing the Ccs expression to produce

capsanthin and capsorubin in yellow cultivar in accordance with Ha et al. (2007) and

Rodriguez-Uribe et al (2012). Li et al (2013) concluded that coding and promoter

regions were present in yellow peppers and deletions or mutations in the Ccs gene is

the cause for yellow colour.

Gene regulation and expression is a primary area for the study of chilli fruit

colour, experiments were made to analyze the promoter sequence of Ccs.

Amplification with Ccs promoter primer in all seven varieties were performed,

Amplicon of 920bp in Capsicum annuum, (Byadagi kaddi and Byadagi dabbi,

Ujwala, anugraha) and Capsicum frutescens (Vellayani samrudhi) genotypes was

found whereas in Capsicum chinense genotypes (Vellayani Thejus and CC8-1), larger

amplicon of 1200 bp size was found that was also in accordance with Ha et al (2007)

and Li et al (2013).

The sequence of the amplicons of Ccs promoter primer set had shown 99 per

cent identity with the Capsanthin capsorubin synthase gene promoter region. The

/5-3



93

sequence analysis showed that Cos promoter region having a single set repeat

structure was located near transcriptional start point. It is also having heat responsive

elements in each repeat which may explain increasing of capsanthin. Capsorubin

increases actively to more sunlight (Kuntz et a!., 1998). Ccs promoter sequence

containing ABA (abscisic acid-responsive), cis-acting elements like Myb binding

sites and heat stress elements (HSE), suggest the possibility of Ccs expression

regulation by all of these factors (Bouvier et ai, 1994).

5.1.3 Trnscriptome data mining and analysis

Fruit ESTs of Capsicum annuiim retrieved from NCBI dbEST database.

Sequences were cleaned and removed vector contaminants, splice sites. Valid

sequences were selected for analysis. Contigs were searched for identification of

genes using Blastn. Mapping of the contigs with carotenoid biosynthesis pathway

using KEGG mapping showed none of the seven genes in the pathway. The available

EST's in the data base may be from immature fruits and that may be the reason for

the non availability of genes of carotenoid metabolic pathway when mapped with

KEGG.

5.1.4 Elucidation of carotenoid metabolic pathway

Carotenoid gene regulatory network (GRN) contained 94 nodes and 100 edges

and included many genes associated with the general carotenoid biosynthesis

pathway, steroid pathway, kinases, transcription factors and several corresponding to

proteins of unknown function.Gene annotation analysis showed that many of the

genes were associated with carotenoid biosynthesis processes. The main carotenoid

biosynthesis pathway genes phytoene synthase. phytoene desaturase,zeta carotene

isomerase, zetacarotene desaturase. carotene isomerase, lycopene cyclase, zeaxnthin

epoxidase, vialoxathin epoxidase, capsanthin capsorubin synthase, neoxanthion

epoxidase, as well as some transcription factors and iransferase/transport proteins

IS^
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were densely connected (Nisar et ai, 2015). Among the pathway genes, phytoene

synthase had the highest number of interactive proteins.

Elucidation of pepper carotenoid metabolic pathway revealed that metabolic

pathway contained seventeen main pathway enzymes. The public domain contains

twenty-nine full coding genes. In this study, it is clear that Ccs gene is responsible for

colour formation. Red colour in chillies is due to the presence of some compounds

called capsanthin and capsorubin. The carotenoids are produced in chillies as a result

of the combination of products which are formed in the carotenoid biosynthesis

pathway. GGPP (geranyl geranyl pyrophosphate) is the precursor for carotenoid

pathway. Capsanthin capsorubin synthase enzyme produces carotenoid end products

by catalyzing antheraxanthin into capsanthin and violaxanthin into capsorubin in chili

pepper fruits (Camara, 1980).

In the present experiment, primers Ccs cds and Ccs promoter amplified the

Ccs gene and among this, Ccs cds, primer is more specific and gave single, clear,

intact band in all varieties including yellow colour accession. From this it is

concluded that Ccs gene is responsible for the production of major colour compounds

capsanthin and capsorubin. The sequence variations in the Ccs gene can be a reason

for orange and yellow colour in chilli.

Elucidation of carotenoid metabolic pathway in Capsicum annuiim revealed

that carotenoid biosynthesis pathway having many genes which are associated with

the carotenoid biosynthesis pathway. Among the pathway genes phytoene synthase

enzyme had highest number of interacting proteins. Psy, pds, and zds, which catalyze

the first three committed step in carotenoid biosynthesis, were showed to be the major

key regulators of carotenoid biosynthesis in plants (Matthews, 2003; Toledo-Ortiz,

2010; Tuan, 2011). This finding suggests the existence of Psy isoforms in chilli.

Ccs variants could provide candidate molecular markers for selection of

pepper lines with high dark red color and yellow carotenids.
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Our study demonstrates that SNPs relating to alteration of Lysine at 425'*"
position of capsanthin capsorubin synthase polypeptlde by Glutamic acid is correlated

to change in the colour in Byadagi Kaddi and Byadagi Dabbi. This study could also

help to further breeding programmes by SNP phenotyping and marker assisted

selection.

The most significant finding from the present investigations is the presence of

SNP at 425th position of Ccs polypeptide chain that could distinguish Byadagi

cultivars from other genotypes. In Byadagi chilli cultivars, at 425th position of CCS

polypeptide chain, Lysine was found replaced by Glutamic acid. In rest of the

genotypes studied Lysine was present at 425"^ position.

Byadagi Kaddi is different from Byadagi Dabbi in one SNP. At 43rd position,

Tyrosine was found replaced by phenyl alanine in Byadagi Kaddi. In rest of

Capsicum annuum genotypes at 43rd position Tyrosine was present but in Capsicum

fnitescens and Capsicum chinense, serine was found instead of Tyrosine at 43rd

position. Vellayani Samrudhi, an orange coloured variety has deletions at 278, 348

and 358th position. In the yellow coloured accession CCS-1, premature Stop Codon

(UAG) was seen at 200th position which stopped further transcription and translation
of Capsanthin-capsorubin synthase gene. Vellayani Thejus and CC8-I share the same

sequence except for the stop codon at 200th position. The varieties Ujwala and

Anugraha share the same amino acid through out the CCs gene sequence. Anugraha

is a near isogenic line of the cross between Ujawala and Pusa Jwala and that may be

the reason for the same amino acid sequence.

The identified SNPs (15 Nos.) in the present study have to be further

characterized and validated. Many SNP annotation tools are available for analysis of

human genome sequence data. But such tools are lacking for the analysis of plant

genome sequence data. But the identified SNPs when matched with the reported
SNPs in Capcisum sp., it was found that the SNPs identified in the present

is-c
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investigations were new. However, transcriptome analysis of Ccs gene in the

different genotypes, homology modeling the Ccs enzyme and prediction of active

sites could derive more information on the identified SNPs
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6. SUMMARY

The study entitled "Analysis of Capsanthin-capsorubin synthase gene in

Byadagi chilli {Capsicum annuum L.) and elucidation of carotenoid metabolic

pathway" was undertaken at the CPBMB, College of Horticulture during the period

2014-2016.

The present study was conducted to analyse Capsanthin-capsorubin synthase

gene (Cc^) in Byadagi chilli and to elucidate the carotenoid metabolic pathway for

production of capsanthin and capsorubin. The studies were focused on seven

genetically distinct chilli varieties/accessions of three different Capsicum spp. based

on colour at fully ripe fruit stage. The accessions selected were Byadagi Kaddi,

Byadagi Dabbi, Ujwala, Anugraha {Capsicum annuum), Vellayani Samrudhi

{Capsicum frutescens), Vellayani Thejus and CC8-1 {Capsicum chinense).

Genomic DNA was isolated from tender leaves of one month old plants by

CTAB method. Two chilli Ccs gene specific SSR primers viz. Ccs Cds and Ccs

promoter were used to amplify the Ccs gene. The amplified PGR products obtained

with Ccs Cds and Ccs promoter were sequenced by outsourcing and sequence data

were analyzed using bioinformatics tools.

The salient findings of the study were as follows:-

•  The protocol suggested by Rogers and Bendich (1994) was found good for

DNA isolation from young and immature leaves of chilli genotypes. The RNA

contamination was completely removed through RNase treatment.

•  The quality and quantity of DNA was analysed by NanoDropR ND-IOOO

spectrophotometer. The absorbance OD 260/280 ratio ranged from 1.8-1.85

which indicated good quality DNA for Ccs gene analysis.

151
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The Ccs gene was found amplified in all the genotypes including the yellow

fruited accession CC8-1. Size of amplified product was 1.5 kb with Ccs Cds

primer in all the genotypes.

Ccs promoter amplified product was 920 bp in Byadagi Kaddi, Byadagi

Dabbi, Ujwala, Anugraha, Vellayani Samrudhi and 1200bp in Vellayani

Thejus and CC8-1.

BLASTn analysis of the Ccs gene amplified with Ccs Cds primer showed 99-

100 per cent similarity with the reference nucleotide sequence in all the

genotypes.

BLASTx analysis of Ccs gene sequence amplified with Ccs Cds primer

showed 99-100 per cent similarity with the reference amino acid sequence in

the seven genotypes studied.

Analysis of conserved domains revealed that lycopene beta cyclase was the

conserved domain in Capsicum annuiim and C. chinense genotypes while in

C. fnitescens, NADB super family protein was the conserved domain.

The number of ORFs in the Ccs sequence amplified with Ccs Cds primer

ranged from six to seven in the genotypes studied and the number of amino

acids coded ranged from 463-469 in C. anmium, 298 in C. fnitescens and 217

in C. chinense.

Multiple sequence alignment of the sequences revealed SNP variations in the

genotypes studied and SNP variation caused change in amino acid coded.

SNP variations were observed in five genotypes viz. Byadagi Kaddi, Byadagi

Dabbi, Vellayani Samrudhi, Vellayani Thejus and CC8-I while no SNP

variations were seen in the Ujwala and Anugraha varieties.

Byadagi Kaddi had two SNPs leading to change in amino acids at 43'''^ and

425'^ position of Capsanthin capsonihin synthase peptide. Tyrosine (Y) was

found replaced by Phenyl alanine (F) In the 43"^^ position and Lysine (K) was

found replaced by Glutamic acid (E) in the 425'"^ position.

I&o
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Byadagi Dabbi also had the same amino acid change at 425'^ position, Lysine

(K) was replaced by Glutamic acid (E).

Premature Stop codon UAG was observed in yellow fruited variety CC8-1 at

200"^ position.

BLASTn analysis of Ccs gene sequence amplified with Ccs promoter primer

in seven genotypes showed 90-99 per cent similarity with the reference

nucleotide sequence.

Multiple sequence alignment of the promoter region showed structural

changes in the sequence^

Several SNPs in the sequences, a tandem repeat structure, insertion, deletions

and various cis regulatory elements like heat stress related cis-elements

(HSE), Myb binding site (MYBPZM) and light responsive elements, TATA

box, and CAAT box were observed in the promoter region.

Ccs gene was located in chromosome six of Capsicum annmim and in the

genome map of chilli it was seen in between 9497216-950091 Ikb.

Ccs Cds gene specific primer was seen to bind 18 bp downstream region of

the sequence. The Ccs promoter was seen upstream of the protein coding

region.

Elucidation of carotenoid metabolic pathway in Capsicum anmium revealed

that 17 enzymes were present in the carotenoid biosynthesis pathway.

Gene regulatory network analysis using Cytoscape showed that network

contained 94 nodes and many of the genes were associated with carotenoid

biosynthesis processes.

The main 17 carotenoid metabolic pathway genes, some transcription factors

and transferase/transport proteins were densely connected.

Among the pathway genes, phytoene synthase had the highest number (30

No.) of interactive proteins.
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ANNEXUREI

Details of laboratory equipments used for the study

1. High speed refrigerated centrifuge

2. Horizontal electrophoresis system

3. Thermal cycler

: Kubota 6550, Japan

: BIO-RAD, USA

: Proflex thermal cycler

4. NanoDrop'^ ND-1000 spectrophotometer : NanoDrop'^ Technologies Inc. USA

5. Gel documentation

6. Water purification system

7. Ice flaking machine

8. Laminar Air Flow

: Gel Documentation System, BIORAD, USA

: Millipore, Germany

: FIDO Compact, Ice matics

: HML-104, Thermadyne
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ANNEXURE II

K

Reagents for DNA isolation by CTAB method as per Rogers and Bendich (1994)

Reagents:

A. 2X CTAB Buffer:

-  2% CTAB (w/v)

-  100mMTris(pH8)

-  0.5 M EDTA (pH 8)

-  1.4MNaa

B. 10% CTAB solution:

-  10% CTAB (w/v)

-  0.7 M NaCl

C. TE buffer:

10mMTris(pH8)

-  1 mM EDTA (pH 8)
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ANNEXURE III

Composition of buffers and dyes used for agarose gel electrophoresis

1. SOX TAE buffer (pH 8):

242gTrisbase

-  57.1 ml glacial acetic acid

-  100 ml 0.5 mM EDTA (pH 8)

2. Tracking/ loading dye (6X):

0.25% Bromophenol blue

-  0.25% Xylene cyanol

30% Glycerol in water

3. 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.
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Abstract

Byadagi chilli is famous for its deep red colour and negligible or zero

pungency. Demand for Byadagi chilli has increased enormously as a source of

natural red colour in food industry, confectionaries, cosmetics, beverages,

pharmaceuticals and even as a dye in textile industries. Byadagi chilli is mainly

exported as oleoresin which serves as a substitute for paprika oleoresin. The red color

of chilli fruits is due to several related carotenoid pigments. The most important

pigments are capsanthin and its isomer capsorubin.

The present study was conducted to analyze Capsanthin-capsorubin synthase

gene {Ccs) in Byadagi chilli and to elucidate the carotenoid metabolic pathway for

production of capsanthin and capsorubin. The studies were focused on seven

genetically distinct chilli varieties /accessions of three different Capsicum spp. based

on colour at fully ripe fruit stage. The accessions selected were Byadagi Kaddi,

Byadagi Dabbi, Ujwala, Anugraha {Capsicum annuum), Vellayani Samrudhi

{Capsicum frutescens), Vellayani Thejus and CC8-1 {Capsicum chinense).

Genomic DNA was isolated from tender leaves of one month old plants by

CTAB method. Two chilli Ccs gene specific SSR primers viz. Ccs Cds and Ccs

promoter were used to amplify the Ccs gene. The amplified PCR products obtained

with Ccs Cds and Ccs promoter were sequenced by outsourcing and sequence data

analyzed using bioinformatics tools.

The Ccs gene was found amplified in all the genotypes including the yellow

fruited accession CC8-1. Size of amplified product was 1.5kb with Ccs cds primer in

all the genotypes. For Ccs promoter, amplified product was 920bp in Byadagi Kaddi,

Byadagi Dabbi, Ujwala, Anugraha, Vellayani Samrudhi and 1200bp in Vellayani

Thejus and CCS-1

BLASTn analysis of the Ccs gene amplified with Ccs cds primer showed 99-

100 per cent similarity with the reference nucleotide sequence in all the genotypes.

BLASTx analysis of Ccs gene sequenee amplified with Ccs cds primer showed 99-
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100 per cent similarity with the reference amino acid sequence in the seven genotypes

studied. Analysis of conserved domains revealed that lycopene beta cyclase was the

conserved domain in Capsicum annuum and C. chinense genotypes while in C

frutescens NADB super family protein was the conserved domain. The number of

ORFs in the Ccs sequence amplified with Ccs cds primer ranged from six to seven in

the genotypes studied and the number of amino acids coded ranged from 463-469 in

C. annuum. 298 in C. frutescens and 217 in C. chinense.

Multiple sequence alignment of the sequences revealed SNP variations in the

genotypes studied and SNP variation caused change in amino acid coded. SNP

variations were observed in five genotypes viz. Byadagi Kaddi, Byadagi Dabbi,

Vellayani Samrudhi, Vellayani Thejus and CC8-1 while no SNP variations were seen

in the varities Ujwala and Anugraha

Byadgi kaddi had two SNPs leading to change in amino acids at 43"^ and 425^

position of Capsanthin capsorubin synthase peptide. Tyrosine (Y) was found replaced

by Phenyl alanine (F) in the 43"^ position and Lysine (K) was found replaced by

Glutamic acid (E) in the 425'*' position. Byadagi dabbi also had the same amino acid

change at 425*** position, Lysine (K) was replaced by Glutamic acid (E). Premature

Stop codon UAG was observed in yellow fruited variety CC8-1 at 200th position

BLASTn analysis of Ccs gene sequence amplified with Ccs promoter primer

in seven genotypes showed 90-99 per cent similarity with the reference nucleotide

sequence. Multiple sequence alignment of the promoter region could see structural

changes in the sequences. Several SNPs in the sequences, a tandem repeat structure,

insertion, deletions and various cis regulatory elements like heat stress related cis-

elements (HSE), Myb binding site (MYBPZM) and light responsive elements, TATA

box, and CAAT box could be observed in the promoter region.

Ccs gene was located in Chromosome six of Capsicum annuum and in the

genome map of chilli it was seen in between 9497216 - 950091 Ikb. Ccs cds gene
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specific primer was seen to bind 18bp downstream region of the sequence. The Ccs

promoter was seen upstream of the protein coding region.

Elucidation of carotenoid metabolic pathway in Capsicum annuum revealed

that 17 enzymes were present in the carotenoid biosynthesis pathway. Gene

regulatory network analysis, using cytoscape showed that network contained 94

nodes and many of the genes were associated with carotenoid biosynthesis processes.

The main seventeen carotenoid metabolic pathway genes, some transcription factors

and transferase/transport proteins were densely connected. Among the pathway

genes, Phytoene synthase had the highest number (30 No.) of interactive proteins.

The identified SNPs in the present study have to be fiirther characterized and

validated, TTanscriptome analysis of Ccs gene in the different genotypes, homology

modeling the Ccs enzyme and prediction of active sites could derive more

information on the identified SNPs
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