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Abstract

Twenty six accessions of  Capsicum annum with varied
ripening color were screened for total carotenoids (0.004-
0.47%), red carotenoids (0-0.27%) and yellow carotenoids
(0.004-0.2%) and also to obtain some new or useful alleles
associated with ripening color in chilli, using gene-specific
marker. Considerable genetic variability for carotenoids
was observed along with the allelic variations of candidate
gene Capsanthin capsorubin synthase (Ccs). The results
revealed that Ccs gene coding region was present in yellow
pepper line LCA 1068 (Aparna) suggesting  Ccs gene
deletion is not a prerequisite for change in color from red

to yellow. Ccs coding region contained no introns but did
exhibit polymorphism among chilli lines studied resulting

in amino acid changes. Novel allelic variants were found

in Byadagi Dabbi (dark red) and LCA1068 (yellow) in the
study, which could provide candidate/allele specific
molecular markers for selection of lines that may be used

in chilli quality breeding for varied colors.

Key words: Allelic variants, Capsicum, Capsanthin

capsorubin synthase, SNP
Introduction

The diverse and brilliant colors i.e. green, yellow, orange
and red of hot/bell pepper fruits originate from the
carotenoid pigments present in the thylakoid
membranes of the chromoplasts produced in the fruit
during ripening stage. More than 30 different pigments
have been identified in pepper fruits [1]; including the
green chloroplasts (a & b); the yellow-orange (lutein,
zeaxanthin, violaxanthin, antheraxanthin, p-
cryptoxanthin and B-carotene) and the red pigments
(capsanthin, capsorubin and crytocapsin), which are
found only in pepper fruits. The red color in pepper

comes from the carotenoides, capsanthin and
capsorubin, while the yellow-orange is from p-carotene
and violaxanthin. Capsanthin, the major carotenoid in
ripe fruits contributing up to 60% of the total carotenoids.
Capsanthin and capsorubin increase proportionally with
advanced stages of ripeness, with capsanthin being the
more stable of the two [2]. These carotenoids act as
dietary precursors of vitamin A, which plays an important
role in the regulation of vision, growth and reproduction
[3]. High B-carotene peppers, Capsicum spp. could be
an alternate solution in the battle to fight vitamin A
deficiency [4].

For pepper breeding, the demand for fruits with
various colours, besides red, such as yellow and orange,
has increased as the carotenoids from pepper are used
as natural colorants in the industry. To meet this
demand, it is necessary to breed and select lines of
peppers objectively and efficiently. Expression levels
of the carotenoid biosynthetic genes are directly linked
to high levels of total carotenoid accumulation in
Capsicum [5]. Eight phenotypes in the F, segregation
of a cross of white with red fruited lines have earlier
been reported [6]. There are three independent loci
determining fruit color, which are known as c1, c2 and
y. To chilli breeders, these loci have high economic value
since they determine the mature red, orange, and yellow
color of commercial pepper cultivars. The last step of
the carotenoid biosynthetic pathway in pepper fruits is
the conversion of antheraxanthin to capsanthin and
violaxanthin to capsorubin and is catalysed by the
bifunctional enzyme Capsanthin-Capsorubin synthase
[7]. The gene for capsanthin-capsorubin synthase
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(CCS), which plays a role in the conversion, has been
considered as a candidate gene for the y locus [8] and
a genomic clone of the Ccs gene was isolated using
the Ccs cDNA and its sequence was devoid of introns
[9]. Although the cDNA sequences for Ccs gene is
available in GenBank, it is only available for one red
bell pepper Yolo Wonder cultivar. In view of this, the
objectives of the present study were to characterize the
alleles associated with different fruit ripening color and
to identify possible sequence polymorphisms in
candidate gene Capsanthin capsorubin synthase, which
could provide candidate molecular markers. The results
obtained are presented here under.

Material and methods

Twenty six pepper accessions (Table 1) with varied
ripened color were selected from germplasm accessions
screened for ripened color. The plants were grown in
field during 2009 kharif season (eastern dry zone of
Karnataka state, India, at 12° 58" north latitude, 77° 45
east longitude and at an altitude of 930 meters above
the mean sea level and average rainfall of this area is
about 800mm) in three replications and all standard
cultivation practices recommended for the locality were
followed. Fruit samples were harvested at full ripe stage
and were dried in the oven at 60°C for 36h, ground in
an electronic grinder, and passed through a 0.5mm
sieve.

Biochemical analysis

Total red (Cg; capsanthin, capsorubin and capsanthin-
5, 6-epoxide) and yellow/orange (Cy; zeaxanthin,
violaxanthin, antheraxanthin, B-cryptoxanthin, -
carotene and cucurbitaxanthin A) carotenoid isochromic
fractions were estimated following protocol of
spectrophotometric method [10]. Carotenoids were
extracted from dried samples by placing 100 mg of dried
fine powder in 25ml acetone until the complete
exhaustion of all colour in the dark. The optical density
of samples was measured at two wavelengths, 472 and
508nm using UV/V Spectrophotometer. Following
formulae were used.

Asog X 2144.0 — A4z, X 403.3

Cr (Hg/ ml)
270.9

Ayzp X 1724.3 — Agog X 2450.1

Cy (ug/ ml)
270.9
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Spectrophotometery, was used as an alternative
to HPLC as it is cheap, fast and so can be effectively
used to screen larger population. In fact, difference
below 5% between the estimates in carotenoids by
HPLC and spectrophotometric method were reported.

Gene specific primers, PCR amplification and
cloning

Genomic DNA was extracted from young leaves using
CTAB method. Ccs gene specific primers obtained from
literature (7) i.e CCS-F (ccttttccatctcctttccat) CCS-R
(aaggctctctattgctagattgcccag) were used. PCR analysis
were performed in 25 pul reaction volumes containing
2.5ul of 10X PCR buffer, 1 unit Pfu Taqg DNA
polymerase, 3ul of 1mM dNTPs, 2.5ul of 5uM forward
primer, 2.5ul of 5 uM reverse primer, 11.25pl of dH20,
and 3pl of 20ng/ul DNA template. The PCR profile
comprised initial denaturation of 4 min at 94°c, followed
by 35 cycles of 94°c for 1 min, 60°c for 1min, 72°c for 1
min and final extension of 5 min at 72°c. PCR products
were separated on 2% agarose gel and selected lines
products were cloned into the plasmid vector pTZ57R/
T. Plasmids were isolated from positive clone’s culture
and were sequenced in both directions with respective
primers at Eurofins Biotechnologies Pvt. Ltd. The contigs
for each genotype were generated using both forward
and reverse sequence chromatograms with the help of
Bioedit programme. The contig sequences were
subjected to BLAST (1) in the NCBI website. Later these
sequences were used to develop multiple sequence
alignment (MSA) using online ClustalW programme
(http://lwww.ebi.ac.uk/tools/ clustalw2/index.html). The
MSA files were used to analyze the presence of SNP
specific to genotype.

Results and discussion

Considerable variability for levels of total carotenoids,
yellow and red carotenoids among accessions was
recorded (Table 1). For total carotenoids in the fruits
ranged from 0.004% in (LCA1074 : pale yellow colored
fruit) to 0.47% (Byadagi Dabbi dark red fruited line), red
carotenoids ranged from 0% in all yellow accessions to
0.27% in Byadagi Dabbi, whereas yellow carotenoids
(includes B-carotene and B-criptoxanthin) ranged from
0.004% in LCA1074 to 0.2% in Byadagi Dabbi. In fruits
of red Capsicum, during ripening process the levels of
total carotenoids increases due to synthesis of
carototenoids such as, capsanthin, capsorubin, (-
cryptoxanyhin and zeaxanthin, in contrast, the total
carotenoids levels do not increase and remain low during
ripening in yellow peppers [11]. A similar trend was
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Table 1. Mean carotenoids concentrations in pericarp of mature fully ripe Capsicum fruits
Accession Capsicum Ripe fruit Red carotenoids Yellow carotenoids Total
species color (%) (%) carotenoids(%)
Byadagi Dabbi annuum Dark red 0.27 0.2 0.47
EC631781 annuum Dark red 0.2 0.082 0.282
Kashi Anmol annuum Dark red 0.16 0.11 0.27
EC631793 annuum Red 0.11 0.09 0.2
Arka Abhir annuum Red 0.11 0.1 0.21
EC631778 annuum Dark red 0.16 0.095 0.255
EC631783 annuum Dark red 0.16 0.12 0.28
LCA206 annuum Red 0.14 0.077 0.217
PMR14 annuum Red 0.11 0.07 0.18
LCA 1071 annuum Yellow 0 0.017 0.017
EC631786 annuum Red 0.1 0.074 0.174
Sringeri Local annuum Red 0.05 0.07 0.12
EC631803 chacoense Light red 0.03 0.032 0.062
Pant C1 annuum Light red 0.07 0.046 0.116
EC631785 annuum Orange red 0.01 0.044 0.054
PBC 80 baccatum Orange 0 0.114 0.114
Ornamental unknown Orange 0.01 0.05 0.06
EC631815 chinense Very light red 0.02 0.013 0.033
LCA1083 annuum Yellow 0 0.013 0.013
LCA 1074 annuum Pale yellow 0 0.004 0.004
LCA 1068 annuum Yellow 0 0.033 0.033
LCA 1069 annuum Yellow 0 0.045 0.045
LCA 1070 annuum Yellow 0 0.045 0.045
JCA 283 annuum Red 0.07 0.08 0.15
LCA 1081 annuum Light yellow 0 0.077 0.077
EC631778 annuum Dark red 0.16 0.095 0.255
Mean 0.0746 0.0691 0.1437
S.Em - - 0.00754 0.005 0.00817
C.D@1% - - 0.0286 0.0192 0.031

noticed in the present study showing that the total
carotenoid content was highest in dark red lines
(Byadagi Dabbi), followed by light red (EC 631815) and
all non-red/ yellow peppers were found to have lower
total carotenoids content (LCA1081). All the accessions
with yellow coloured fruits did not contain red
carotenoids content. Variations in respect of carotenoids
have been earlier observed in Capsicum baccatum
pubescens [12].

The 5’-3' end primers amplified a single, specific

band of 1473 bp size in all red fruited lines and not in
orange and yellow fruited lines except in LCA 1068
(Aparna) which share a yellow ripe fruit colour. PCR
amplified products of three genotypes viz., Byadagi
Dabbi (Dark red), EC 631815 (light red) and LCA 1068
(Aparna; yellow) were cloned and sequenced and
available nucleotide sequences for Ccs gene in public
domains were downloaded by searching NCBI
database. GenBank contained the Ccs mRNA sequence
499 amino acids long amplified from Yolo Wonder red
fruited pepper (X77289) and other sequences are of
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orange cultivars, wildtype Ccs sequences deposited (4).
Multiple alignments of the nucleotide sequences from
the coding regions were performed and the presence
of structural changes in the sequences was found (Table
2). Yellow fruited line, LCA 1068 (Aparna) coding region
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structural genes for carotenoid biosynthesis and
phenotypic variability of fruit colors at ripe stage has
been studied using genetic approaches in diverse
Capsicum spp. [13-14] and these studies have reported
that Ccs gene either deleted or absent in yellow and

Table 2. Single Nucleotide Polymorphisms identified in coding region sequence of Capsanthin capsorubin synthase
gene

Genotype Nucleotide position (bp)

107 128 181 235 312 380 630 686 714 9351089 1265 1291 1273 1293
Byadagi Dabbi A A T G T A C A T G T C A G T
EC631815 G Cc T C A A T T T G C C A A Cc
APARNA A A T G T A C A T A T C A A T
GU122937 A A T G T A C A T G T C G A T
GU122936 A A T G T A C A T G T C G A T
GU122939 A A T G T A C A T G T C G A T
GU122938 A A T G T A C A T G T C G A T
GU122934 A A T G T A C A T G T C G A T
GU122935 A A T G T A C A T G T C G A T
GU122933 A A C G T G C A C G T - A A T
X77289 A A T G T A C A T G T C A A T
X76165 A A T G T A C A T G T C A A T
sequence showed 99% similarity to the Byadagi Dabbi Table 3: Identified amino acid substitutions in the
(dark red fruited line) except for a single nucleotide Capsanthin capsorubin synthase gene coding
change at 935bp with adenine (A) substituting guanine region
(Q). And sevgral SNPS wgre (.)bserved' in EC §31815 Genotype Amino acid position (bp)
(light red fruited line which is Capsicum chinense
accession) spanning throughout the coding region of 61 79 127 229 312 425 431
the gene. A SNP was found in Byadagi Dabbi i.e. Byadagi Dabbi S G D) K R E T
guanine (G) substituting adenine (A) at 1273bp when EC631815 s R D M R K T
o) sequence, Malile signment of he doduced  APARNA S G DK K KT
amino acid sequences were also performed (Fig. 1) and GU122937 S G D K R K A
the presence of amino acid changes was observed in GU122936 S G D K R K A
the sequences (Table 3). In yellow fruited line LCA 1068 GU122939 S G D K R K A
(Aparna), R312K (Arginine 312 Lysine) was present, GU122938 s G D K R K A
xpression from ed (0 yellow color. 1n an exoe  CUIZ%3 S €DK R KA
accession EC 631815 (light red fruited line) belonging GU122935 S G D K R K A
to C. chinense many specific non-silent changes and GU122933 P G G K R K A
two amino acid changes i.e., G79R (Glycine 79 Arginine) X77289 S G D K R K T
and K229M (Lysine 229 Methionine) were recorded, X76165 s G D K R K T

whereas in Byadagi Dabbi, K425 E (Lysine 425 Glutamic
acid) was present.

The relationship between the presence of

GU 122937- Canary orange, GU122936-orange Grande,
GU122939-Dove, GU122938- Oriole, GU122934 Valencia,
GU122935- NuMex Sunset, GU122933-Fogo, X77289-Yolo
Wonder and X76165-Lamuyo
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Byadaigidubhi —————— - ———=HHETFPFHF TR SR R RS S THF CAFLOLAFT SEPESLOWHI
LCALOES.Aparna  —-mmmemmeee  — HHSTF PHP TRGRDSREFHYRNESSTHFCSF LOLAPTSKPESLDVHI
GUL22936|C.a.Orange  METLLEFFPSPLLSIPTPHMY SFRHNSTF PHPTRGRDSREFHYRNRSSTHF CSFLOLAFT SKPESLDVNI
GU122935|C.a.MuMax  METLLRPFPSPLLSIPTEHMYSFREMETF EHPTRGRD SREFN YR RS S THE CSFLOLAPT SKPESLOVNI

GU122937|C.a.Canary METLLEPFPEPLLS I P T FHMY S PN E T PHE TR D S B Y R S S THFCSFLOLAFTS EPESLOWHT
GU1225%38|C.a.0riole METLLEFFPEFLLS I P TFHMY SFRHME TFFHF TRORDS RS H Y RMES S THFCSFLOLAFTSEFESLDYHI

miﬂﬂﬁlc-a.ﬂuﬂ METLLEFFPSFLLS I F T MY SN E TR FHRF TR DS R H R I S S THFCSF LOLAFT SEFEELDWHT
GU122934|C.a. Valencia METLLEFFPSFLLAIPTRHMY SFEHHETFPHPTROKD SR H Y RNES STHFCSFLOLAFT SEPESLOVHT
gU122933|C.a, Foge METLLEPFPSPLLSIPTRHMY SFRHNS TF PRP TRGRD SREFHYRNES 5 THFCIFLOLAPTFRPE SLOVNT
®T772891C. &, Yale METLLEFFPSPLLST PTERHMY SFEHHS TF PHP TROKD SREFHYR RS S THF CSFLDLAPT SKPESLOVHT
ET6165]C. &, Lamsye METLLEEFESPLLS T PTEHMY SFKHNS TF ENE TROKD SREFHYRNES S THFCSFLDLAPT SKPR SLOVNI
BCE31815 e NS TP PHETRGRD SREFH SRR S S THFCSFLOLAPT SEPE SLOVNI
Cluskal ConsenEEE R R b bR RR TR R Rl Rk R R R
ap Lag 110 '.. x 130 a0

caata Lasasana ] waviva Vo saie R abas e Toarara i Pt T bl l arasn]
Byadaigidubbl SHVDTDLDGARFDV 1 10TGEALRLABIVSKY 5 TRVCEVD FS FLEMERN Y VWYDEFEKLLEDCLDH
LCA1068 . Aparna SWVDTDLDGARFDVI 116TEPASLELABGVEEY G TKVCEVE PS FLSMNEHHY CVWVDEFEKL SLEDCLOH
GU122036|C.a.Ocange  SWUDTDLOGARFDVIIIGTCEASLRLARIVEEY G IKVOCVDES PLEMNENNY SVWVDEFEKL SLEDCLON
GU1225935 | C.a. MuMox SV TDLDGARFDVI I I G T PACLRLARVEEY G IKVCOVDPS PLEMNEPHNH Y CANWDEE SLEDCLDH

GU122537|C.a.Canary WD TDLOGAEFDWI I I G TCPACLELAEWER T GTKVOCVI FE PLEMAFHH Y VIS FEELSLEDCLDH
GUl22538|C.a.0riole WD TDLDGAEFDVI ITIGTOFACLELAENWVSR T GT VOCVDFS FLSMAFHN Y VWV DEFEELSLEDCLDH

GU12293%|C.a,. Dova SWVRTDLDOARFDVT TTO0TOPACLRLAEIVERY O T VOCVD P FLEMEF I AVWVDEFERLCLEDCLDA
GUli2e3d|C.a.Valancia SWVDTDLDIAEFINTIIOTOPASLELAEVSEYGTIRVOODPS PLEMEFHNY CVIVDEFEELILEDCLODH
GU122833|C. A, Paga SWVDTDLDAAEFDYT I TGTCPASLRLARIVSEY G IKVOCVDFS PLSHHE NN T AWVOEFERLGLERDCLDH
E77289|C.a.Yolo SWVDTDLDGARFDVT 11576 PASLRLARSVSKY & IKVOSVD BS PLAMHENNY CVWVDEFEKLSLEDCLOHN
ETE165|C. a. Lamya SWVDTDLOGARFDVE 11676 PASLRLAROVERY G IKVOSVDES PLEMHEHNY CVWVDEFEKLSLEDCLON
EC631815 SWVDTDLDRARFDVIIIGTCRACLRLARIVERY G IKVOCVD S PLEMAPNNY GVWVDEFEKLSLEDCLDH
Clustal Consonsus dhbbbadd dhsesseddddbdbbdbbdnnnnmeddbddbdiddbbbbnnnnddddd dddbdbdbonnne
L0 160 L7 180 5 200 Z1b

R lety e el B by | W irin e e e o | e ] i T o e o e e, T e i g el
Byadaigidubbi HHWEGH’IEDHETHTMHPIGWWSMM TRARYLEVENEEFES S TVCDDGRETS
LCR10EE  Aparna PVECH I sDER TR Y LORPY CRV S R L KL K LI s OV AV P YA Y L VI EEFE S S TVAEDOGRETS
GU12253¢|C.a.0range KWPVECVHI EDER TR Y LORFY RV E RN LKL AL LN S CVEs AV P Y AR LEVIGIEEFES S TV CDDGRET S
GUL2253E | C.a. HuMax WPy eV H L SDHE TR LORF T RV SRR L L AL S OV E R VI T R AR Y LEVTCEEFES S IV DD GRETS

GU122537|C.a. Canary PV ECVHI EDERTRY LORF Y SRV S REELELEL LN S Ve RVEF Y EARVLEVEHEEFES S TVCIDERRIS
GUl22938|C.a.0riole KPPy ECVHI SDERTR Y LORF Y OEVSERRLELELLN S CVERVEF TEARVLEVRAEEFES S TVWIIDORRIS

Q1229839 | S, &, Dova FEHPVECVTHI SDHRTEY LORF Y SRV SERELELELLN S CVESRVEF T RARNLEVRAEETESS IVEDDORERI S
GIr122834 | <. & . Valapnsia FEYPVECOVHISDHETEYLDREPYCREVSREELELELLN S CVEMRVEF YEARVLEVEHEEFES S IVCDDCRETS
GU122833|C.a. Poga EWEFVECVHI SDHETEY LDRE Y RV S RRELELELLN S COVEMRVEF TEARVLEVENEEFES S IVCDDGEET S
®TT248|C. 2. Yolo KWFVECVHI SDEETEY LORFY SRV ERRRL LKL LH S CVEMRVEF T RARV LVEHEEFES S IVCDDGRETS
ETE168 | C. 2. Lammuyo PV ECTHI SDHER T Y LOR Y CRVE R LA L L LN I CVE RV YAV LEVIHEEFESS TVCDDORRT 2
BCH31815 WPV ECVHET SDAERTEY LORF Y SRV SERELELELIL S CVEMRVEF T RARVLEVEHEEFESS TVCDDORRT S
Clusatal Consansus St SR L e LA SRR S SRR R RN RS RIS R RS R ER R SRt LSt T

220 230 240 250 pi o 270 2B

FAPEFCIEY ROl [Pt Poliol S SR bl L i i e I I A, ARl M nh AN]SR, S |

Byadaigidubhi FELIVDAS _-f.P.EtIFI!‘.u.‘I:IE.E':B’_‘i.I{ =0 :ILml'DH{FE‘DLDﬂMHHDEHIIﬂPIMT!B“T
LCA1068 . Aparna E5LIVDASS T ASDE IE VDK PRMIEGY QVAKG T LAEVDHHFFD LD ML MO RO SHLGME FY LRVENTEE R T
GU122536|C.a. Oranga BELIVDASG T ASDF IE YDRFRMEG Y QVAE S I LAEVDSHFFD Lo LMD HRD SHLGHE FY LEVENTEE R T
GU1225935 | C.a. HuMax GSLIVDASSYASDF IEYDREFRMES T OVARD T LA EVIHH FFD LD MDNRD S HLONEFYLEVENTREPT

Q122837 | C. &, Canary FELIVDASTTASDF I B TDEFRIE VAR T LARVINHFFO LD LMD WRD SHLONEFYLEVENTREF T
GUl22938|C. 8. Oriole CALIVDASITASDF IEYDEPRNHG Y OVAR I LAEVDEH FFD LD EMMIMDHRD SHLOME PYLEVENTEER T

GUL12293%|C.a.Dove FELIVDASS FASDRF I B YDEFRMNHG YV HG I LABVDNHFFD LD MOWRD SHL A EFYLEVENTRERT
GU122634|C.a.Valencda GSLIVDASSYASDFIEYDKPRAEGY QVAHGILAEVDNHFFD LD MONRD SHLGHE FYLEVRNTRERT
GU122533|C.a.Fogo FSLIVDASSTASDFE YDRFRNEG Y QVAR G I LAEVIHHFFO LD MDWAD SHLGHEFYLEVENTRERT
ETT285|C. &, Folo GELIVDASSTASHF IETDRFRIECS Y VAR T LAEVINH PP LD L HD RO SHLGHEFILEVENTREFR T
ETE165 |0, &, Lamiyo FELIVRASTYASDF IR T PRE Y VAR O T LA BVINH FFD LD ML MDD S HL O E FYLEVENTREF T
EC631815 FALIVDAS T ASDF IR TDMPRIHE Y VAR ST LARVDHFFD LD LHDWRD SHLGWE FYLEVENTREF T

Clusbal o mareEigs ok i i drdr i A R R Rk ok oo o oy s e i R b o o ko o iy i i Rk b ok b R R
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Byadaigidubhi
LCK1068 ., Aparna
GULl22536|C.a.0range
GU122535|C.a. HuHax
GU122937 | C.a.Canary
GU122538 | C.a.0riole
GUL225839|C.a. Dowve
GUl22834|C.a. Valencia
go122933|C. &, Foga
E77283|C.a.Folo
AT8168 | C.a. Lamiyo
ECE314815

Clustal Consensus

Byadaigidbbl
LOR10E3 .

GU1225%36|C.a.Orange
GU122935 |C.a. Hudex
GUr122937|C.a. CARATY
GU122938 |C.a. OFlole
GUl22939|C. &, Dowva
GIrl22534 | C.a. Valenoia
122531 C.a.Fogo
ETT28%|C.a.Yalo
ETE165 | 2. . Lamisfo
ECE31815

Clustal Consensus

Byadaiqgidubhi

LCA1068 . Aparna
GUL22936|C. &, Orange

GUla2835 | C. &, Hudax
GU122537|C.a. Canary
GU122538 |C.a.0rtole
GU122535|C.a.Dove
GU122034|C.a. Valenoia
GUl22933|C. 8. Foga
ETT2E0|C. 8. Yala
ETEL65 |2, &, Lamsyo
ECH31315

Clustal Consensus

Byadaigidubbi
LCAR1068 . Aparna
GUl2293E|C.a. 0range
GUL22838 | C.a. HuMox
GU122837|C.a.Canary
GU122038 | C.a.Oriole
GU122035| 2. a.Dove
GUL22834|C.a. Valencia
GU122833|C. 4. Fagao
ETT285|C.a. Yol
ATE168 | C.a. Lamiyo
EC8314818

Clustal Consensas

Fig.1. Multiple alignment of deduced amino acid sequences of

sequences
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FLAMPFRRENT LEE T SLVSEPHL S THEVERREHVARLRHLC TRVESVLEERRCV T THO O FLER I FQHYH
FLYAMFFDEHLVF LEETSLVERPHL S MEVERRMVARLEHLG IEVESVLEEERCVI THOOFLFR I FOHWH
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orange colored pepper fruits. Absence of Ccs gene in
two yellow cultivars i.e Jaune de Pignerolle and Golden
Summer [7] and Ccs gene deletion in cultivars with
yellow fruits at 211bp and 220bp from 3’ end were
reported. However, in the present study it was found
that Ccs gene coding region was also present in yellow
fruit coloured line, LCA 1068 (Aparna,; selection released
from Horticulture Research Station, LAM farm, Guntur).
The findings of the present study are in accordance with
those of Ha et al. [11] who reported for the first time that
coding and promoter regions are present in yellow
peppers, but not in white peppers. Presence of Ccs
gene coding region was reported in the seven orange
cultivars studied and a novel allele Ccs-3 variant
(contained a deletion of cytosine at nucleotide position
1283 of gene) from Fogo cultivar (orange fruited)
showing higher &-carotene content was recovered
recently [4]. Based on the present study, it can be
concluded that Ccs gene coding sequences were
present in yellow and orange peppers. A novel allele
was recovered from Byadagi Dabbi (dark red fruited with
high total carotenoids, CT and C" content) a popular
land race being cultivated in Karnataka, India which is
valued in domestic and international market for its
unique traits like high color value and low pungency.
These Ccs variants could provide candidate molecular
markers for selection of pepper lines with high dark red
color and yellow carotenids. These novel allelic variants
can be effectively used in breeding for cultivars with
higher pro-vitamin A bioactive compounds that could
help in alleviating vitamin A deficiency and providing
nutritional security in developing countries.
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