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Abstract The taxonomic identity of Capsicum species is
found to be difficult as it displays variations at morpho-
chemical characters. Twenty-two accessions of six Capsi-
cum species, namely, C. annuum, C. baccatum, C. chinense,
C. eximium, C. frutescens, and C. luteum were investigated
for phenotypic diversity based on flower color and for
genetic differences by molecular makers. The genetic clus-
ter analyses of 27 RAPD and eight ISSR primers, respec-
tively, revealed genetic similarities in the ranges of 23-88%
and 11-96%. Principal component analysis of the pooled
RAPD and ISSR data further supports the genetic similarity
and groupings. Different species showed variations in rela-
tion to corolla shade of flower. C. annuum accessions formed
a single cluster in the molecular analysis as maintaining their
flower characteristic. C. chinense accession shared flower
features with the accessions of C. frutescens and were found
to be closer at genotypic level. C. luteum was found to be
rather closer to C. baccatum complex, both phenotypically
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and genetically. The only accession of C. eximium present-
ing purple flowers falls apart from the groupings. The floral
characteristics and the molecular markers are found to be
useful toward the delineation of the species specificity in
Capsicum collection and identification of genetic stock.

Keywords Capsicum germplasm - Genetic cluster
analysis - ISSR, RAPDs - Principal component analysis

Introduction

Capsicum is widely distributed and cultivated in tropical
regions counting with 30 species [l]. C. annuum L.,
C. baccatum L., C. chinense Jacq, C. frutescens L.,
C. pubescens Ruiz and Pavon are widely cultivated [2]
throughout the world. Capsicum species exhibits consid-
erable morphological variation especially in flower and
fruit color, shape, and size. The secondary inflorescences
vary from simple to compound (up to fourteen flowers) [3].
Capsicum are diploid (2n = 24) with a few exceptions
such as C. compylopodium (2n = 26) [4]. A considerable
variation was also reported in Capsicum species and lines
for its pungent principal “Capsaicin” [5].

In India, chillies are grown throughout, especially
C. annuum, which has been extensively studied [6]. The
taxonomic identity of Capsicum species is difficult since it
displays variations especially in fruit morphology, which is
an economically major component of this species. Many
researchers [7-16] attempted to classify it using various
parameters ranging from morphological characters, espe-
cially flower color to molecular markers based on protein
and DNA. The utility of PCR-based RAPD (random
amplified polymorphic DNA) and/or ISSR (inter-simple
sequence repeat) variations at genomic DNA level as
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phylogenetic markers for investigating evolutionary rela-
tionships among plants has been clearly established [12,
15, 21-32].

Germplasm characterization is an important link
between the conservation and utilization of plant
genetic resources. The aim of this study was to describe
genetic variation in Capsicum germplasm of different
species from different geographical regions of India and
those of The Netherlands (Botanical Garden of Nijme-
gen) to be used in breeding experiments and genetic
conservation.

Materials and Methods
Plant Material and Morphological Analysis
The collection sites of 22 accessions of six Capsicum

species, C. annuum, C. baccatum, C. chinense, C. eximium,
C. frutescens, and C. luteum are given in Table 1 and

highlighted in Fig. 1. The accessions were grown in the
field and green house of gene bank of CIMAP.
Morphotypic  characters were recorded for each
accession and analyzed for estimation of phenotypic
divergence [11].

Preparation of Genomic DNA and PCR Amplification

Total DNA was isolated from 250 to 500 mg of bulked leaf
tissue using CTAB method [17]. The PCR amplification
was carried out in a 25-pl reaction volume containing
25 ng genomic DNA as template, PCR master mix (Fer-
mentas, Canada) in a iCycler thermo cycler (BioRad, USA)
programmed to 45 cycles for both RAPD and ISSR pro-
filing. Forty random primers (OPJ and OPT set, Operon
Technologies Inc. USA) were used for PCR amplification
with the PCR parameters as described by Khanuja et al.
[17], whereas 13 ISSR primers (University of British
Columbia, Vancouver, Canada), viz., UBC-807, UBC-810,

Table 1 Identification, collection details, and taxonomic labels of Capsicum accessions

Sr. No. Accn. Place of collection Taxonomic Flower color as
No. labels phenotypic character

1 CCA4 CIMAP Genebank, U.P. C. annuum L. White

2 CCA13 Haldwani, Uttaranchal C. annuum L. ‘White

3 CCA14 CIMAP Genebank, U.P. C. annuum L. White

4 CCAl6 Assam C. annuum L. White

5 CCA 17 Ajmgarh, U.P. C. annuum L. White

6 CCA33 Lucknow, U.P. C. annuum L. ‘White

7 CCA34 Anantapur, A.P. C. annuum L. ‘White

8 CCA36 Anantapur, A.P. C. annuum L. ‘White

9 CCA41 Guntur, A.P. C. annuum L. ‘White

10 CCA44 IISR, Kerala C. annuum L. White

11 CCA45 IISR, Kerala C. annuum L White

12 CCA49 IISR, Kerala C. annuum L. White

13 CCA5SS Purara, Uttaranchal C. annuum L. White

14 CCA60 ITHR, Karnataka C. annuum L. White

15 CCBI IIHR, Karnataka C. baccatum var. baccatum L. White with yellow spots
16 CCB2 IIHR, Karnataka C. baccatum var. pendulum L. White with yellow spots
17 CcCC2 Nijmegen, The Netherland C. chinense Jacq. Yellowish green

18 CCEO1 Nijmegen, The Netherland C eximium Hunz. Purple

19 CCF1 IIHR, Karnataka C. frutescens L. Yellowish green

20 CCF2 Assam C. frutescens L. Yellowish green

21 CCF3 Assam C. frutescens L. Yellowish green

22 CCL IIHR, Karnataka C. luteum White with yellow spots

U.P. Uttar Pradesh, A.P. Andhra Pradesh
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Fig. 1 Geographic locations in
India for Capsicum germplasm
collection sites
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UBC-823, UBC-826, UBC-828, UBC-834, UBC-835,
UBC-841, UBC-843, UBC-844, UBC-845, UBC-848, and
UBC-855, were used as reported by Yao et al. [18].

Data Analysis

Twenty seven out of 40 RAPD and eight out of 13 ISSR
primers generated reproducible and distinct bands being
selected for genetic diversity analysis taking into consid-
eration the repeatability. ISSR and RAPD profiles were
analyzed manually by recording the presence and the
absence of bands in the size range of 200-2000 bp of
different taxa. Similarity indices were generated using Nei
and Li’s coefficient [19]. The average similarity matrix was
used for generating a tree for cluster analysis by
unweighted pair group method with arithmetic average

xv ‘)‘,I?‘.‘ -

- Maharastra o
el

. Tamil
_Nadu

nanchal Pradesh
X Arunachal

anchal Pradesh

Sikkim

Pondicherry

(UPGMA) using NTSYS 2.0j software package [20].
Principal component analysis (PCA) was carried out based
on similarity coefficient of pooled data realized from
RAPD and ISSR average similarity indices using SPSS
statistics 17.0 software (SPSS, Inc.).

Results and Discussion

The Capsicum accessions were highly variable with respect
to morphochemical characters as reported earlier [11].
Flower morphology, such as flower color, calyx constric-
tion, and number of flowers per node, is among the most
used taxonomic descriptors in identification studies of
Capsicum. White-flowered species include the domesti-
cated species C. annuum L., C. baccatum L., C. chinense
Jacq., and C. frutescens L. Purple-flowered species include

Mo,
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Fig. 2 RAPD profile of the 22 Capsicum accessions with primer
OPJ-20. Lanes M, 2 DNA double digested (EcoRI + HindIIl) size
markers; /-22, Capsicum accessions as mentioned in Table 1

one domesticated (C. pubescens R. and P.) and three
undomesticated species (C. eximium A.T. Hunz, C.
cardenasii Heiser & Smith, and C. fovarii Eshbaugh, Smith
and Nickrent) [2, 7, 13, 14]. Similar observations were also
recorded for flower color as phenotypic characters in the
present study and are mentioned in Table 1. All the C.
annuum accessions demonstrated a solitary inflorescence
type, except for CCA49, which had a terminal cluster type
of inflorescence. The accessions of C. chinense and C.
frutescens carried solitary inflorescence with a pair of
flowers at each node, whereas, the C. baccatum and C.
luteum accessions had a solitary type of inflorescence with
1-3 axillary flowers at each node. The only accessions of
C. eximium, a wild relative of C. pubescens, had purple
flowers. A clear difference was observed for different
species in relation to the flower color, being in accordance
with earlier observations [2, 7, 13-15].

DNA Polymorphism and Genomic Diversity

Considerable genetic diversity was observed among the
genotypes based on the DNA markers generated by RAPD
and ISSR primers. The banding profile generated by RAPD
primer OPJ-20 (Fig. 2) and ISSR primer UBC-826 (Fig. 3)
have clearly revealed variability among the genotypes. Out
of the 40 RAPD primers tested, 27 generated reproducible
bands. Out of a total of 71 bands, 67 (94.4%) were poly-
morphic in nature, and four were unique. Similarly, the
initial screening of the ISSR primers for clear and repeat-
able band profiles showed that out of the 13 primers
screened, only eight primers yielded amplification products
with clear and reproducible bands. These eight primers
generated a total of 76 bands, of which 75 (98.7%) were
polymorphic. The results clearly showed that ISSR primers
were more efficient in revealing DNA polymorphism
among the genotypes. The use of ISSR primers was also
reported to be highly appreciable toward discrimination of
disputed chilli samples [21]. These results are in accor-
dance with other reports on diverse plants such as tomato
[22], mulberry [23], and peanut [24] where higher poly-
morphism was unraveled with ISSR primers from closely
related cultivars.

The RAPD technique, shown to be advantageous over
morphologic and chemical markers, provides an unlimited
number of rapid inheritable genetic markers independent of
environmental effects, which can be used for genetic
diversity analysis [15, 25, 26] and breeding purposes [24].
The technique is widely used for the estimation of genetic
variability as well as cultivar identification/differentiation
in various plant species including Mentha [27], and Lyc-
opersicon [28]. Likewise, the greater usefulness of ISSR
markers has already been established by plant breeders
[23-32] around the world. In the present analysis, RAPD
and ISSR data were used as support parameters for quali-
tative floral characters so that it could be possible to

Fig. 3 ISSR profile of the 22 Capsicum accessions with primer UBC-826. Lanes M, 2 DNA double digested (EcoRI + HindIIl) size marker;

1-22, Capsicum accessions as mentioned in Table 1

RU

3.« Humana Press



Mol Biotechnol

1 S0 1€0 0 €£°0 1€0 69°0 Lo 1€°0 1€°0 €0 LT0 LT0 €0 LEO 9¢°0 1€0 1€°0 1€°0 (430 €€°0 Se0 100
I S0 o 8C°0 86°0 (430 8C°0 €0 ST0 LT0 S0 870 ST0 LT0 £€€°0 €0 6C°0 (430 LT0 ST0 6C°0 €400
I 780 €e'0 Sv'o Se0 €0 9¢°0 €0 870 1€°0 £€e°0 1€°0 €0 9¢°0 6¢°0 Se0 €0 €0 1€°0 Se0 [£00]

1 6¢°0 0 9¢°0 0 €e'0 €e'0 €0 1€°0 €20 0 LEO LEO 170 LEO Se0 0 €0 LEO 1490

I 1€°0 €0 9¢°0 €0 ¥T0 ¥T0 S0 LT0 €00 0 €0 970 820 €0 9T°0 €0 ce0 10420

I €e’0 9C°0 8¢°0 Se0 €0 8C°0 LEO SE°0 €0 €0 9¢°0 9¢°0 70 1€°0 0 9¢0 7000

I ¥8°0 LT0 €0 LTO €0 LT0 8C°0 o 8¢°0 €e’0 1€°0 (430 €0 €0 Se0 [4:l0}

I 620 620 S0 620 8C0 €0 Se0 LEO €0 620 1€°0 €€°0 €£°0 €e0 190D

I §9°0 $9°0 ¥9°0 IL0 ¥9°0 IL0 £€9°0 89°0 w90 §9°0 19°0 ¥9°0 §9°0  09VID

I 6L°0 99°0 690 LLO LLO Lo €L’0 €L’0 SLO L0 9L°0 8L°0 SSVDD

I L9°0 890 890 Lo S €L’0 Lo SLO 890 L0 SL'0  6¥VOD

I 99°0 790 Lo $9°0 1.0 $9°0 $9°0 890 99°0 690 SYVOD

I 9L0 L0 $9°0 89°0 Lo 1.0 69°0 99°0 Lo VOO

1 18°0 1.0 LLO 6L°0 $8°0 SLO LLO 780 I¥VOD

! 8L°0 6L°0 6L°0 LLO SLO 8L°0 €80  9¢VDD

1 8L°0 9L°0 9L°0 SLO 80 180  ¥E£VOD

I £8°0 18°0 SLO 80 ¥8°0  €EVOD

I 80 9L°0 18°0 ¢80  LIVOD

I 9L°0 80 L8°0  9IVDD

I L0 LLO  ¥IVOD

I 88°0 €IVDD

1 VOO

00 €400 ¢dDD 140D 10dDD  TOOD  TdDD 140D 09VDD  SSVDD  6YVID  SYVODD  $PVIOD  I¥VDD  9¢VDD  vEVOD  €EVDD  LIVOD 91VDD ¥#IVOD €IVDD  ¥VDD oV

SuoIss0oe wndisdpr) ¢z Juowe surned VY UO paseq Xopul AJLIB[IWIS ONouas 93eIoAY T d[qel

¢ Humana Press




Mol Biotechnol

CCA4 \

CCA13
CCA33
CCA17
CCAl6
CCA41
CCA36
CCA34
CCAl14

— =
CCAS5
L CCA44

> C. annuum

CCA60

ccads_J

ccez )

CCF3
—————— CCFl

Other
Capsicum
species

 — 6 ) )

CCB2

CCL

CCR01 .

0.00 0.25 0.50

0.75 1.00

RAPD based genetic distances

Fig. 4 Genetic similarity dendrogram (Nei and Li’s coefficient) based on RAPD band patterns showing the relationship among the 22 Capsicum

accessions. For sample code, see Table 1

determine the extent of diversity and relation within and
between the species.

Average genetic similarity index generated by RAPD
markers revealed a maximum diversity of 39% among
C. annuum accessions and of 77% among different taxa
of Capsicum, whereas a maximum similarity of 88% was
observed between the accessions CCA4 and CCA13 of
C. annuum (Table 2). Most of the accessions collected
from U.P. were clustered together except CCA14 (Fig. 4).
Similarly, a maximum diversity of 47% among C. ann-
uum accessions and of 89% among different species of
Capsicum could be observed, while the highest similarity
(96%) was observed between CCA36 and CCA41 of
C. annuum in the average genetic similarity generated by
ISSR markers (Table 3). Resembling the genetic similar-
ity deduced from RAPD profiles, most U.P. collection
clustered together except CCA17 in ISSR phylogeny
(Fig. 5). Confirming RAPD results, CCA4 and CCAI13
revealed the highest similarity (88%), clustering together
in ISSR phylogeny. Although these two accessions were
collected from different states of India for the present
study, their close genetic similarity indicates that these
might have been originating from the same parents and
could have been made to migrate by human intervention
to different locations for cultivation point of view. All the

Mo,
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other different taxa accessions clustered differentially in
the cluster diagram drawn using the similarity matrix
generated from RAPD and ISSR profiles. In both analysis,
a total of three sub-clusters could be detected where all
the accessions of C. annuum grouped together into one
sub-cluster and the remaining taxa grouped into the other
by divergent line of sub-division comprising C. frutescens
and C. chinence in one sub-cluster and C. baccatum and
C. luteum in another sub-cluster separating the C. eximi-
um (Figs. 2, 3).

Further analysis of pooled data realized from RAPD and
ISSR average genetic similarity revealed the highest sim-
ilarity (89%) between CCA4 and CCA13, and between
CCA36 and CCA41(Table 4), which is congruent with
RAPD and ISSR similarity. PCA of the pooled data
grouped all 22 genotypes according to their taxonomic
labels and floral characters clearly indicating the close
relationships among the genotypes (Fig. 6).

Unlike morphochemical clustering reported earlier [11],
wherein the accessions of the same species did not follow
their taxonomic labels, but in the present molecular marker
analysis, all the accessions of C. annuum grouped together
indicating a single lineage. Although the extent of simi-
larity ranges from 53 to 95%, this species still maintained
the white flower color characteristic. All the other
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Fig. 5 Genetic similarity dendrogram (Nei and Li’s coefficient) based on ISSR band patterns showing the relationship among the 22 Capsicum

accessions. For sample code, see Table 1

accessions of different species forming separate cluster
apart from major C. annuum cluster, in which the
C. baccatum accessions clearly out grouped themselves
from the rest along with C. luteum. The other sub-cluster
consisted of the accessions of C. frutescens and C. chin-
ense. The accession CCF3 out grouped from the sub-cluster
of two accessions of C. frutescens and grouped along with
C. chinence with the similarity of 51-53%. A close relation
between C. chinense and C. frutescens has been docu-
mented and described [2, 15] and also supported by genetic
similarity in the present study. Eshbaugh et al. [33] sug-
gested that C. frutescens, in its primitive form might be the
ancestor of C. chinense. Like sharing of morphologic
characters, in the cluster diagram representing the RAPD
and ISSR similarity, the accession of C. luteum was more
similar to CCBlin RAPD analysis while it was rather
closer to CCB2 in ISSR analysis indicating a closer rela-
tionship. As C. baccatum var. baccatum is reported to be
the wild ancestor of the domesticated variety, C. pendulum
[7], this raises the possibility of development of C. luteum
from wild C. baccatum-type genome as indicated in this
study. C. eximium was totally separated all along with the
accessions of C. baccatum and C. luteum.

M.
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An average rate of natural cross-pollination of 42% for
individual plants, and of 91% in the genus has been earlier
reported [34], the results of the present study being in
accordance with the 77 and 89% genetic diversities in
RAPD and ISSR analyses, respectively. In the present
study, RAPD along with ISSR markers reveals the close
relationship and the diversity of C. annuum accessions
collected from different localities of India.

In conclusion, the analysis of 22 Capsicum accessions
using RAPD and ISSR markers has provided informa-
tion that can be utilized for associative relationship
between phenotypic characters and DNA profiles. The
association of phenotypic traits as earlier reported can
be compared with patterns of RAPDs and ISSRs as
mentioned, which will facilitate the selection process.
Close relationships of C. luteum with C. baccatum
complex, and that of C. frutescens with C. chinense at
phenotypic and genotypic levels have been established.
Thus, morphometric and molecular techniques appeared
to be harmonizing and useful for selection of potential
parents in breeding program. Further molecular approa-
ches like SCAR markers will be useful in future to tag
these traits.
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