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Abstract

Kanti M., Anjani K., Usha Kiran B., Vivekananda K. (2015): Agro-morphological and molecular diversity in castor
(Ricinus communis L.) germplasm collected from Andaman and Nicobar Islands, India. Czech J. Genet. Plant Breed.,
51: 96-109.

Castor (Ricinus communis L.) is an industrial oilseed crop grown worldwide. Its oil with more than 80% ricinoleic
acid makes it a chief raw material for numerous industrial applications and biofuel production. Castor grows in a
wild form across India including Andaman & Nicobar Islands, which are geographically quite isolated from main-
land India. Thirty-three accessions growing in isolation in these Islands were used in the present study. Genetic
diversity among these accessions was assessed using 18 agro-morphological traits and 29 EST-SSR markers. High
agro-morphological and molecular variability was observed among these accessions. Both agro-morphological
traits and EST-SSR markers effectively discriminated the accessions. However, EST-SSRs separated the accessions
into more groups than did agro-morphological data, implying high efficiency and resolution of EST-SSR markers
in genetic analysis of castor germplasm from Andaman & Nicobar. The diverse accessions identified in the present

investigation would serve as genetically diverse sources in castor breeding programmes.
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Castor (Ricinus communis L., 2n = 2x = 20, Eu-
phorbiaceae) is an industrially important non-edible
oilseed crop widely cultivated in the arid and semi-
arid regions of the world (GOVAERTS et al. 2000).
It is believed to have four centres of origin. The
Ethiopian-East African region is considered to be the
most probable site of origin because of the presence
of high diversity in Ethiopia (MosHKIN 1986). The
plants can be self- or cross-pollinated by wind, with
outcrossing as a predominant mode of reproduction
(MEINDERS & JONES 1950; BRIGHAM 1967). Castor
oil, which has a long history of use for medicinal
purposes (GAGINELLA ef al. 1998), has been con-
sidered a promising raw material for the production
of renewable energy in tropical countries. Besides,
castor bean has been traditionally cultivated for
the production of lubricants and paints (OGUNNIYI
2006; ScHOLZ & SiLvA 2008; BERMAN et al. 2011).
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Castor seed contains more than 45% oil, which is
rich (80—90%) in an unusual hydroxyl fatty acid, ri-
cinoleic acid (JEONG & PARK 2009). A high viscosity
of castor oil is the main reason which restricts the
use of pure castor bean diesel in the engines (PINZI
et al. 2009). However, blended biodiesel with petrol
can be exploited in regions with severe winter. It has
many advantages associated like low freezing point
and lubricant power, which makes it perfect for uti-
lization for renewable energy resources (OGUNNIYI
2006; DEMIRBAS 2007; PINzI et al. 2009; BERMAN et
al. 2011; SINGH 2011). Unique chemical and physi-
cal properties of the oil make it a raw material for
numerous and varied industrial applications, such
as manufacture of polymers, coatings, lubricants
for aircrafts, cosmetics, hydraulic fluids, plastics,
artificial leather, manufacture of fibre optics, bul-
letproof glass and bone prostheses and as antifreeze
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for fuels and lubricants utilized in aircraft and space
rockets and for the production of biodiesel farming
(OGUNNIYI 2006; JEONG & PARK 2009), and medi-
cines (ALLAN et al. 2008).

India is the largest producer of castor in the world
and also one of the centres of castor diversity, where
great diversity exists across the country in varied eco-
systems (ANJANI 2012). It is usually cultivated as a
hybrid in India, which gives significantly greater yields
than pure lines or varieties (BIRCHLER ef al. 2003;
REIF et al. 2007). Genetic diversity assessment prior
to developing hybrids can help in better exploitation
of heterosis (SANTALLA et al. 1998). Diversity analyses
require a large number of polymorphic markers to
measure genetic relationships and genetic diversity in
areliable manner. Lack of adequate diversity in castor
(in terms of isozymes), limited number of morphologi-
cal and biochemical markers (SoLTIs et al. 1992) or
environment factors limit (ESSELMAN et al. 2000) their
use for diversity study. Molecular markers appear to be
an attractive alternative to the conventional diversity
analyses and in management and conservation of bio-
diversity (LOWREY & CRAWFORD 1985). They are ideal
tools for germplasm characterization and phylogenetic
studies. Unlike other important oilseed crops, such as
soybean (Glycine max), sunflower (Helianthus annuus),
oil palm (Elaeis guineensis) and some species of the
family Euphorbiaceae, especially cassava and rubber
tree, diversity is still poorly characterized by means
of molecular marker systems for castor bean (FENG et
al. 2009; TALIA et al. 2010; SAYAMA et al. 2011). This
species had been neglected until the late 2000s, the
first publication on the genetic diversity of germplasm
collections was reported by ALLAN et al. (2008) using
AFLP markers. It is the first member of the family Eu-
phorbiaceae with the whole genome published (CHAN
et al. 2010), which was used to assemble the chloroplast
and mitochondrion genomes to identify the SNPs for
phylogenetic analysis and reported a broad geographic
distribution (RIVAROLA et al. 2011).

Diversity in castor germplasm was initiated in the
early days using protein based markers (isozymes)
(ATHMA et al. 1982; SATHAIAH & REDDY 1983, 1984,
1988). Limitation of these markers has shifted the
castor molecular research towards the use of DNA
based markers. Molecular markers like AFLP (ALLAN
et al. 2008), gSSR (ALLAN et al. 2008; BajAY et al.
2009) — only few gSSR markers have been exploited,
RAPD markers and agro-morphological traits and
quantitative phenotypic traits (FIGUEIREDO NETO
et al. 2004; CosTA et al. 2006; MILANI et al. 2009),

RAPD and ISSR (GAJERA et al. 2010), RAPD (Vivobik
et al. 2014), SNPs (FOSTER et al. 2010) and recently
eSSRs (Q1u et al. 2010; KANTI et al. 2014) have been
investigated. However, very weak geographic struc-
turation among castor bean populations with narrow
genetic diversity have been reported, regardless of a
marker system used (ALLAN et al. 2008; BAJAY et al.
2009, 2011; MILANI et al. 2009; FOSTER et al. 2010;
GAJERA et al. 2010; Q1u et al. 2010; KANTI et al. 2014;
VivoDiK et al. 2014). In contrast, a certain degree
of geographically structured clusters was reported
among the accessions used by Q1u et al. (2010).
Sequencing of the castor bean genome (CHAN et al.
2010) has just opened a wide range of possibilities in
analysing the genetic diversity of this economically
important species. Despite the recent publication
of the castor bean genome little is known about the
actual genetic diversity of this species.

The Andaman & Nicobar Union territory of India is
a group of picturesque islands lying approximately 414
km in the South-Eastern part of the Bay of Bengal (6° to
14°N and 92° to 94°E). These islands are isolated from
the mainland of India and are different in ecosystem.
Castor is not a cultivated crop in these islands, but
wild-type castor is found growing in different islands
atavery low frequency. Castor in these islands might
be growing on its own and have been introduced by
the inhabitants who migrated from mainland India.
Castor in Andaman & Nicobar Islands might have
evolved on its own in isolation and adapted itself to
the ecosystem of these islands. Wild-type castor may
have the ability to endure climatic changes. In-situ
conservation of these types in Andaman & Nicobar
Islands is not practicable as castor is not a crop over
there and no sustainable income comes from wild-type
castor. Therefore, wild-type castor accessions were
collected through an exploration (ANjANI 20014, b)
and are maintained ex-situ at the Directorate of Oil-
seeds Research, Hyderabad, India.

In this investigation, these collections of castor
were analysed for genetic diversity and evaluated
for 18 agro-morphological traits at the Directorate.
Data sets of agro-morphological traits and EST-SSR
(Expressed Sequence Tag-Simple Sequence Repeat)
markers were used to study genetic diversity.

MATERIAL AND METHODS

Plant material. Seed sources from thirty-three
accessions of castor germplasm collected from dif-
ferent parts of Andaman and Nicobar Islands and
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maintained in the Germplasm Maintenance Unit
at the Directorate of Oilseeds Research (DOR),
Hyderabad, have been used for genetic diversity
study. The detailed collection site of 33 castor ac-
cessions is presented (Table 1). Prior to evaluation,
all the accessions underwent eight generations of
self-pollination at a DOR farm under controlled
pollination conditions. All the accessions exhibited
high within accession uniformity with respect to
23 morphological descriptors developed at DOR,
Hyderabad (ANjANI 20014, b).
Agro-morphological and divergence study. Thir-
ty-three accessions collected from Andaman and
Nicobar Islands, India, were evaluated for 18 agro-
morphological traits in a randomized complete block
design with three replications at the Directorate of
Oilseeds Research, Hyderabad, India (17.366°N and
78.478°E) in 2009 and 2010. Each plot consisted of
three rows of 5 m in length with 45 x 90 ¢m spac-
ing. The crop was grown under rainfed conditions
in red sandy soil and planted in the second fortnight
of June in each year. The total rainfall was 595 mm

doi: 10.17221/205/2014-CJGPB

during the crop growth period (15 June to 15 Febru-
ary) in 2009 and 1125 mm in 2010. The maximum
temperature was between 28°C and 34°C and the
minimum was between 15°C and 24°C during the
crop growth period in both years. Recommended
dose of N, P,O, and K,O (40:40:0 kg/ha) was applied
to experimental plots.

The data on 18 agro-morphological traits, viz.
plant height (cm), number of nodes on the main
stem, total length of primary raceme (cm), length of
primary raceme covered with capsules (cm), length
of primary raceme covered with male flowers, num-
ber of secondary racemes/plant, number of tertiary
racemes/plant, number of higher order racemes/
plant, total number of productive racemes/plant,
days to 50% flowering, days to maturity,100-seed
weight (g), seed yield/plant at 120, 150, 180 and 210
days after sowing, total yield/plant, and oil content (%)
were recorded on 15 plants from each replication in
each year. For divergence studies principal compo-
nent analysis (PCA) and Ward’s minimum variance
cluster analysis (WARD 1963) were used. Pearson

Table 1. List of Andaman and Nicobar accession collections

No. Germplasm Collection site No. Germplasm Collection site
1. RG2694 Phoenix Bay 18 RG2718  Lakshmipur, Digilipur, North Andaman
2. RG2697 Dundas point, South Andaman 19 RG2720 Milangram, Digilipur, North Andaman
3. RG2698 Mudranad Marine, South Andaman 20 RG2722 Radhanagar, Digilipur, North Andaman
4. RG2699 Mudranad Marine, South Andaman 21 RG2723 Ramnagar, Digilipur, North Andaman
5. RG2701 Mazarphad, Port blair, 22 RG2724 Subhashgram, Digilipur,
South Andaman North Andaman
6 RG2702 New Wandoor 23 RG2725 Subhashgram, Digilipur,
North Andaman
7 RG2704 Bitnabath, South Andaman 24 RG2727 Ramakrishnapuram, Hut Bay,
Little Andaman
8 RG2706 Austinbad, South Andaman 25 RG2728 Ramakrl.shnapuram, Hut Bay,
Little Andaman
9 RG2707 Mau Canbycove, South Andaman 26 RG2729 Netajinagar, Little Andaman
10 RG2710 Rangat, Mid. Andaman 27 RG2730 Netajinagar, Hut Bay, Little Andaman
11 RG2711  Rampur, Rangat, Middle Andaman 28 RG2731 Break Water, Hut Bay, Little Andaman
12 RG2712 Nimbutala, Rangat Bay, . .
Middle Andaman 29 RG2732 Harbinder Bay, Little Andaman
13 RG2713  Ambkang, Rangat, Middle Andaman 30 RG2733 Harbinder Bay, Little Andaman
14 RG2714 Panchavati, Middle Andaman 31 RG2734 Harbinder B.ay’ Nicobary settlement,
Little Andaman
15 RG2715 Dasaratpur, Rangat, )
Middle Andaman 32 RG2735 Govindanagar, Havelock
16 RG2716 Bastinapur, Mayabundar,
Middle Andaman 33 RG2736 Radhanagar, Havelock
17 RG2717  Shivpur, Digilipur, North Andaman
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correlation coefficients (r) were calculated between
18 agro-morphological traits. Two-year mean data on
18 traits of 33 accessions were used for multivariate
statistical algorithms and for deriving Pearson cor-
relation coefficients. INDOSTAT statistical software,
INDOSTAT Services, India (http://indostat.software.
informer.com/) was used for PCA and cluster analysis
and for estimating r values.

EST-SSR analysis. The genomic DNA was iso-
lated from young leaf samples by cetyl-trimethyl
ammonium bromide (CTAB) method (DoYLE &
DoyLE 1990) with minor modifications as per the
requirement. DNA was quantified electrophoreti-
cally using \-DNA on 0.8% agarose gel. Twenty-nine
EST-SSR markers of castor developed at DOR, Hy-
derabad, were used for Polymerase Chain Reaction
(PCR) amplification. Reactions were carried out in
a volume of 20 pul containing ~ 25 ng of template
DNA, 0.08mM dNTPs, 1x reaction buffer (contain-
ing 1.5mM MgCl,) (Bangalore, Genei), 5 Pmoles of
each forward and reverse primer and 1U of Tag DNA
polymerase. Amplification was performed using
the Eppendorf Mastercycler gradient version 2.1,
programmed according to WILLIAMS et al. (1990)
with minor modifications. The PCR cycle profile
followed had initial denaturation at 94°C for 5 min
and then 30 cycles of 30 s denaturation at 94°C, 30 s
primer annealing at 56°C and 30 s extension at 72°C
and 10 min at 72°C for the final product extension.

Amplified products were stored at 4°C until further
use. The PCR reaction mixture was size fractionated
on 3.0 % agarose gel containing ethidium bromide
in 1x TAE buffer at 120 volts using a horizontal gel
electrophoresis system. The 100 bp DNA ladder ran
along the sides of the amplified product to determine
their approximate size. The amplified fragments were
visualized under ultraviolet light and photographed
with gel documentation system (Gene Flash Syngene
Bioimaging, Syngene, Cambridge, UK). The ampli-
fied PCR products were further subjected onto 6%
polyacrylamide gel on a Sequi-Gen (Bio-Rad, Her-
cules, USA) sequencing cell in 1x TBE buffer at 100
W, 50 mA at 55°C for 2 h. The gel was stained with
silver stain for 30 min.

Polymorphic bands were scored visually for their
presence or absence with each primer. The scores
were obtained in the form of matrix with ‘1’ and ‘0’
which indicate the presence and absence of bands in
each accession, respectively. Molecular weights of the
bands were estimated by using 100 bp DNA ladder as
standards. For individual primer/primer combination,

confusion probability (C) and limit of discriminating
power (DL) were calculated according to TESSIER et
al. (1999). Polymorphism information content (PIC)
values were calculated based on ANDERSON et al.
(1993), in order to characterize the capacity of each
primer to reveal or detect polymorphic loci among
the genotypes. The binary data scoring was used to
construct a radial tree using Darwin’s (5.0) software
(PERRIER et al. 2003). Genetic similarity values were
calculated according to the Dice similarity coefficient.
Polymorphism information content (PIC) was used
to identify primers that would distinguish genotypes
more efficiently.

RESULTS AND DISCUSSION

Agro-morphological study. The analysis of vari-
ance showed variations among the 33 accessions from
Andaman and Nicobar Islands for all the 18 traits
studied. The two-year mean values of 18 traits for
each accession are given in Table 2. Most of the An-
daman and Nicobar accessions were tall with a high
number of nodes on the main stem, medium to late
duration and moderate seed yielding capacity. How-
ever, the mean oil content of these accessions was
high (51%). Great diversity was observed for all the 18
agro-morphological traits among 33 accessions. Plant
height ranged from 44 to 163 cm, number of nodes
on the main stem varied from 12 to 27. The number
of nodes gives an indication of days to flowering and
maturity in castor. Accordingly, days to 50% flowering
ranged from 58 to 91 days; days to maturity varied
from 98 to 138 days. Primary raceme in castor is the
major yield contributing raceme, its total length varied
from 19 to 44 cm. Great variation was observed among
the accessions for primary raceme lengths covered
with male flowers (13—35 c¢cm) and by female flowers
(4-23 cm). Considerable variation was observed for
number of secondary racemes (1-4), tertiary racemes
(2-5), higher order racemes (2—6) and total racemes/
plant (6—13). Oil content ranged from 48 to 56% and
the 100-seed weight varied from 12 to 46 g. Seed
yield/plant at different pickings after planting varied
greatly, it was 5 to 47 g/plant at 120 days after plant-
ing (DAP), 3to 51 g/plant at 150 DAP (1-51 g/plant),
4 to 33 g/plant at 180 DAP (4-33 g/plant) and 5 to
33 g/plantat 210 DAP (5-33 g/plant). Total seed yield/
plant also varied greatly with a range from 37 to 107 g
under rainfed conditions.

The accessions RG2733, collected from Harbinder
Bay Island in Little Andaman (10.9°N, 97.57°E), and
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Table 2. Means of 18 agro-morphological traits in 33 castor accessions collected from Andaman and Nicobar Islands, India

Seed yield/plant

at different pickings (g)
Accession PH NN TLP LPM LPC SR TR HR PR DF DM SW OC TY
120 150 180 210

DAP DAP DAP DAP
62 122 15 52 34 9 17 9 68
90 129 24 52 12 16 11 6 45
13 62 123 17 51 33 14 10 15 73
13 62 121 16 51 47 10 16 20 92
8§ 62 124 12 50 25 11 10 21 67
10 62 125 18 50 29 19 17 11 75
72 121 26 51 21 14 14 5 55
72 121 26 56 17 8 15 5 45
79 124 16 50 23 10 17 11 61
11 72 124 17 51 16 12 15 11 54
10 72 124 17 51 20 7 12 13 52
11 62 121 17 50 15 6 13 14 48
79 124 46 52 11 7 26 6 51
90 125 33 50 11 51 4 8 74
90 126 23 48 11 7 13 7 37
90 126 36 51 10 14 5 9 38
72 126 32 49 13 18 32 19 82
10 58 98 17 51 10 4 10 15 39
90 138 41 48 6 12 10 8 37
91 125 35 50 5 27 10 11 53
91 138 43 50 45 25 19 18 107
88 124 16 50 15 15 5 11 47
79 122 22 52 32 8 14 33 86
62 123 17 51 30 5 11 16 62
12 79 125 22 53 37 26 33 11 107

RG-2694 70 18 36 23 17
RG-2697 118 25 45 35 10
RG-2698 63 17 36 20 16
RG-2699 71 16 29 21 17
RG-2701 125 21 36 13 23
RG-2702 83 21 39 20 10
RG-2704 69 17 35 19 16
RG-2706 78 17 33 21 13
RG-2707 121 19 38 20 18
RG-2710 86 21 37 23 14
RG-2711 97 20 37 23 16
RG-2712 65 17 33 19 15
RG-2713 137 22 37 24 7
RG-2714 141 22 30 26 4
RG-2715 140 24 19 14 5
RG-2716 135 25 25 20 7
RG-2717 120 24 26 20 5
RG-2718 48 12 43 19 23
RG-2720 154 20 19 14 6
RG-2722 161 25 27 21

RG-2723 156 27 32 26

RG-2724 152 25 38 25 12
RG-2725 79 17 27 16 9
RG-2727 70 18 33 19 14
RG-2728 120 22 31 21 12

G W W B b B W WD W W W w Ww WwWw W wWw w W W Ww s W N w w w w
AN O 0 NN o &

W W W W W W W W b W B W NN NN W W K = = = s R W R = N = BN W
W W W B W W W b W N W W N UL N Ul W s NN Ut W oy W Ut W ok b W W b w o w
—
N

RG-2729 73 17 39 25 12 9 62 121 15 52 31 7 14 12 64
RG-2730 90 19 36 24 14 8§ 62 123 15 51 28 3 16 13 60
RG-2731 74 18 38 25 16 9 72 121 16 52 24 10 11 10 55
RG-2732 51 12 40 21 19 9 59 98 12 50 20 5 22 12 59
RG-2733 44 12 28 16 21 8§ 58 98 12 51 16 1 11 14 42
RG-2734 101 19 43 28 15 4 10 72 123 17 50 22 6 14 21 63
RG-2735 163 23 23 20 4 10 78 122 17 49 44 7 17 76
RG-2736 140 21 29 25 5 10 88 122 14 51 11 6 27 51
Mean 103 20 33 21 12 3 9 74 122 22 51 22 12 14 13 61
SD 154 15 46 33 19 02 03 02 12 59 146 08 1.0 3.7 2.1 2.2 24 109
CV% 15 78 14 16 16 9 11 8 14 8 12 4 2 17 18 16 19 18

CD(P=005 13 12 32 30 25 1 1 1 15 32 45 12 07 4.2 2.1 3.2 20 13

PH - plant height (cm); NN — No. of nodes on thr main stem; TLP — total length of primary raceme (cm); LPM — length of
primary raceme covered with male flowers (cm); LPC — length of primary raceme covered with capsules (cm); SR — No. of
secondary racemes/plant; TR — No. of tertiary racemes/plant; HR — No. of high order racemes/plant; PR — total number of
productive racemes/plant; DF — days to 50% flowering; DM — days to maturity; SW — 100-seed weight (g); OC — oil content (%);
DAP - days after planting; TY — total seed yield/plant (g)
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RG2718 from Digilipur Island in North Andaman
(13.2°N, 92.9°E) were the earliest flowering (58 days)
accessions. These two accessions also had a low
number of nodes on the main stem (12); low node
number is an indicator of early flowering in castor
(ANJANI 2010). RG2697 had the longest primary
raceme (45 cm). The accessions RG2701 and RG2718
had the longest primary racemes covered with cap-
sules (23 cm). A high number of productive racemes
(13/plant) was recorded in RG2698 and RG2699.
The high total seed yield (107 g/plant) was realized
from RG 2723 and RG2728. These two accessions
also yielded high at the first two pickings taken up
at 120 DAP (45 and 37 g/plant) and 150 DAP (25 and
26 g/plant). RG2723 was a collection from Ran-
gat Island in North Adaman (13.04°N, 92.95°E) and
RG2728 was from Hut Bay Island in Little Andaman.
The accession RG 2706 recorded the highest oil con-
tent (56%) followed by RG 2728 (53.64%). RG 2706
was collected from Austinbad in South Andaman
(11.37°N, 97.73°E) and RG2728 was form Hut Bay
Island in Little Andaman (10.42°N, 92.57°E).
Correlations. Genotypic correlations between
18 agro-morphological traits are shown in Table 3.
Plant height exhibited high significant positive asso-
ciations with the number of nodes on the main stem.
Both plant height and number of nodes on the main
stem had significantly high positive associations with
days to 50% flowering, days to maturity, 100-seed
weight and seed yield/plant at 150 days after planting,
and had high negative associations with the length of
primary raceme covered with capsules and number
of secondary racemes/plant. Days to 50% flowering
exhibited significant high positive association with
days to maturity; days to 50% flowering and days to
maturity showed high significant positive associa-
tions with 100-seed weight, seed yield at 150 days
after planting. Days to maturity had a low positive
significant association with total seed yield/plant
and days to 50% flowering had a significant negative
association with seed yield at 120 days after plant-
ing. Correlations between total seed yield/plant and
seed yield/plant at 120, 150, 180 and 210 days after
planting were significant and positive. Oil content
had no significant associations with seed weight,
days to 50% flowering and days to maturity.
Diversity analysis. Cluster analysis based on agro-
morphological traits grouped the 33 accessions into
two major clusters (I and II), which were further
grouped into 16 precisely diverse clusters at the
decreased phenon levels (Figure 1). Geographical

distribution of the accessions did not account for
clustering of most of the accessions. However, a
few accessions, namely RG2730, RG2731, RG2729
and RG2727, collected from Hut Bay Island were
placed in one group at a reduced phenon level. Simi-
larly, RG2698 and RG2699 collected from Mudranad
Marine in South Andaman formed one group and
three accessions (RG 2710, RG2711 and RG2712)
collected from Rangat Island in Middle Andaman
were grouped together.

The principle component analysis (PCA) performed
on 18 agro-morphological characters of 33 accessions
showed that the first four components explained
67.83% of total variation (Table 4). The first four
components were retained as per Kaiser criterion
(Ka1ser 1960). This criterion retains only the com-
ponents that have eigenvalues greater than 1 for
interpretation. The first component (PC1) accounted
for 31.75% of the variance, the second component
(PC2) accounted for 15.58% of total variation while
the third component (PC3) and fourth component
(PC4) accounted for 10.98% and 9.51% of total vari-
ation, respectively. The most effective traits in the
first component were plant height, nodes on the
main stem, length of primary raceme covered with
capsules, days to 50% flowering, days to maturity,
100-seed weight, number of secondary racemes/plant.
Seed yield/plant at 120 and 180 days after planting
(DAP), and total seed yield/plant were the most ef-
fective traits in the second component. In the third
component, total length of primary raceme, length
of primary raceme covered with male flowers, oil

60 80 100 120 140 160

Figure 1. Clustering of 33 castor accessions collected
from Andaman and Nicobar Islands, India, using Ward’s
minimum variance method based on agro-morphological
data set
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content and seed yield/plant at 210 DAP were the
most effective traits while the number of higher order
racemes/plant was the most effective one in the fourth
component. Number of tertiary racemes/plant and
total number of productive racemes/plant were little
discriminative while total seed yield/plant was the
least discriminating trait among the 18 traits. The
principal component plot depicted a wide spread of
33 accessions across the plot (Figure 2), indicating
the existence of great diversity among the accessions
based on 18 agro-morphological traits.

EST-SSR study. To assess the genetic variation
among 33 castor accessions collected from Anda-
man and Nicobar, islands of India, twenty-nine dif-
ferent castor eSSRs were applied. It was found that
twenty-five primer pairs produced polymorphic
products with a polymorphic percentage of 86.3 and
4 primer pairs produced monomorphic products.
A total of 69 alleles were amplified using 29 primer
pairs among 33 genotypes with an average frequency
of 2.37 bands per primer. Fifteen eSSRs amplified a
maximum number of three alleles, while 10 markers
amplified a minimum number of two alleles (Table 5).
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Figure 2. PCA analysis for the castor germplasm collection
of Andaman and Nicobar Islands

Molecular size of the bands ranged from 120 bp
with primer CES02 to 310 bp with primer CES35.
Confusion probabilities for EST-SSR primers ranged
from 0.11 to 0.65 with a mean of 0.45, which was

Table 4. Principal component analysis for 18 agro-morphological traits observed in 33 castor germplasm accessions

collected from Andaman and Nicobar Islands, India

Trait PC1 PC2 PC3 PC4
Plant height 0.898 0.033 0.123 0.164
Number of nodes on main stem 0.868 0.176 -0.0677 0.167
Total length of primary raceme —0.494 0.010 —-0.697 0.204
Length of primary raceme covered by male flowers 0.128 0.195 -0.751 0.500
Length of primary raceme covered by capsules —-0.853 -0.173 -0.082 -0.119
Number of secondary racemes/plant -0.617 0.378 0.165 0.281
Number of tertiary racemes/plant —-0.011 0.254 —-0.187 0.351
Number of high order racemes/plant 0.223 0.428 -0.167 -0.676
Total number of productive racemes/plant —-0.372 0.474 -0.027 0.091
Days to 50% flowering 0.904 -0.097 —-0.042 0.186
Days to maturity 0.741 0.329 —-0.021 0.072
100-seed weight 0.796 0.002 -0.125 -0.357
Oil content -0.309 0.094 —-0.592 -0.115
Seed yield/plat at 120 days after planting -0.291 0.749 0.160 0.085
Seed yield/plat at 150 days after planting 0.598 0.233 -0.194 0.123
Seed yield/plat at 180 days after planting —-0.063 0.612 -0.183 —-0.576
Seed yield/plat at 210 days after planting -0.226 0.361 0.574 0.366
Total seed yield/plant 0.033 0.915 0.116 0.027
Eigenvalues 5.7105 2.7992 1.9750 1.69725
Variance (%) 31.758 15.581 10.968 9.511
Cumulative variance (%) 31.758 47.340 58.325 67.836
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almost on par with (0.40) the report of KANTI et al.
(2014). The limit of discriminating power (DL) was
used to measure the efficiency of SSRs. DL value
ranged from 0.355 to 0.88 with a mean of 0.55, which
was almost similar (0.59) as reported by KANTI et
al. (2014). In castor being a cross-pollinated crop,
heterozygosity is obvious. Though all 33 accessions
underwent eight generations of self-pollination in
ex-situ to bring in within accession homozygosity,
the EST-SSR profile indicated the existence of het-
erozygosity in three accessions (Figure 2). These three
accessions (RG2722, RG2728, RG2736) should further
undergo some more generations of self-pollination

doi: 10.17221/205/2014-CJGPB

to fix the residual heterozygosity. In the remain-
ing accessions, phenotypic uniformity, brought in
within each accession through eight generations of
self-pollination, was corresponding to the genotypic
homozygosity as depicted by EST-SSR profile. The
average expected heterozygosity in the germplasm
collection was 0.58, which was higher in comparison
with FOSTER et al. (2010) (0.21) with SNP markers
and ALLAN et al. (2008) with SSR and AFLP markers.
Differences in the seed sources of the same germplasm
contribute a potentially important source of genetic
variation. Establishing the level of heterozygosity in
seed is critical because it improves the usefulness

Table 5. Calculations for No. of polymorphic bands (7), confusion probability (C), limit of discriminating power (DL)

and heterozygosity (He) for EST-SSR primers

Expected size Observed size

No. of alleles

S. No Primers PIC (o DL He
(bp) (n)

1 CES02 230 120-150 3 0.56 0.65 0.35 0.63
2 CESO05 195 190-260 3 0.53 0.55 0.45 0.55
3 CES06 190 170-250 3 0.59 0.61 0.39 0.61
4 CES10 217 210-260 3 0.49 0.49 0.51 0.50
5 CES20 207 190-220 2 0.11 0.12 0.88 0.22
6 CES30 220 190-230 2 0.48 0.50 0.50 0.49
7 CES34 212 190-230 3 0.62 0.64 0.36 0.60
8 CES35 178 290-310 2 0.41 0.42 0.58 0.42
9 CES36 197 180-225 3 0.20 0.26 0.74 0.21
10 CES44 213 230 1 0 0 0 0
11 CES39 250 250-265 2 0.42 0. 44 0.56 0.42
12 CES49 209 130-270 3 0.51 0.56 0.44 0.51
13 CES51 169 140-180 3 0.51 0.53 0.47 0.51
14 CES56 247 210-250 3 0.42 0.51 0.49 0.42
15 CES58 210 155-190 3 0.53 0.53 0.47 0.53
16 CES59 190 240-300 2 0.16 0.18 0.82 0.18
17 CES62 213 200-220 2 0.42 0.47 0.53 0.42
18 CES65 245 220-285 2 0.30 0.36 0.64 0.35
19 CES72 273 250-275 2 0.49 0.50 0.50 0.49
20 CES73 226 225 1 0 0 0

21 CES79 242 239-289 3 0.27 0.24 0.76 0.28
22 CES80 189 185-200 3 0.43 0.45 0.55 0.43
23 CES125 172 180 1 0 0 0 0
24 CES126 190 195 1 0 0 0 0
25 CES128 242 210-250 2 0.27 0.32 0.68 0.27
26 CES132 232 240-280 3 0.53 0.58 0.42 0.54
27 CES137 200 195-210 3 0.46 0.51 0.49 0.46
28 CES143 224 210-230 2 0.41 0.43 0.57 0.41
29 CES146 215 190-240 3 0.47 0.51 0.49 0.47
Total No. of alleles 69 0.37 0.45 0.55 0.42
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Table 6. Detailed information obtained with EST-SSR mar-
kers in Andaman and Nicobar castor germplasm

No. Indexes EST-SSR
Number of assay units, U 29.0
Number of polymorphic bands, n, 65.0
Number of monomorphic bands, n,, 4.0

4 Average Number of polymorphic bands/ 294
assay unit, np/U

5 Number of loci, L 29.0

6 Number of loci/assay unit, #, 1.0

7 Average confusion probability, C 0.45

8 Average limit of discriminating power, D,  0.55

9 Effective number of patterns/assay unit, P 2.2

10 Average number of alleles per locus, 2.4

11 Fraction of polymorphic loci, B 0.94

12 Expected heterozygosity, H, 0.42

13 Effective number of alleles per locus, 7, 1.65

14 Total number of effective alleles, N, 46.21

15 Assay efficiency index, A, 1.59

16 Effective multiple ratio, E 0.94

17 Marker index, MI 0.52

of data to other breeders. It also ensures uniformity
and stability of any materials developed from them.
The effective number of patterns per assay unit (P),
assay efficiency index (A ), marker index (MI) were
calculated (Table 6). The extent of polymorphism
obtained among the 33 accessions as revealed by
eSSR primer on 6% polyacrylamide gel is represented
in Figure 3.

PIC value is indicative of the effectiveness of SSR
loci information and measures the information about a
given marker locus for the pool of genotypes (KUPPER
etal. 2011). The PIC value ranged from 0.12 (CES20)
to 0.35 (CES34) with an average PIC value of 0.37
(Table 4), indicating that the loci were potent enough.
The increase in the allele number did not affect the
PIC value very much. The average PIC value in the
current investigation was similar to 0.38 reported
by KANTI ef al. (2014), but was higher compared to
0.21 reported with SNPs (FOSTER et al. 2010). In
contrast, the value was lower than 0.40 with gSSR

200 bp
—

and AFLP in worldwide germplasm genotyping (AL-
LAN ef al. 2008) and 0.82, 0.88 with RAPD & ISSR,
respectively, with the breeding material (GAJERA et
al. 2010). Genetic diversity of 72 castor accessions
of north-east based on quantitative and qualita-
tive methods was studied and reported seven most
promising accessions based on the performance of
yield attributing traits (GoGor1 et al. 2011). An allele
is considered to be rare when it is revealed in less
than 5% of the genotypes under analysis (JAIN et
al. 2004) and null alleles are observed whenever an
amplification product is not detected, in our study
five primers generated eight rare alleles and sixteen
primers generated null alleles, respectively.

With the aid of 69 allelic information dice the
similarity coefficient of UPGMA cluster analysis was
used to construct a dendrogram from DARWin 5.0,
which illustrated the overall genetic relationship
among the 33 accessions studied. Based on the den-
drogram, the radial diagram grouped 33 castor ac-
cessions into three major clusters. Although there
were three distinct clusters (I, II and III), only one
cluster (III) was dominant. Among the three major
clusters, cluster III grouped the largest number of
accessions (18). Major cluster III generated 2 minor
clusters IIIa (11 accessions) and IIIb (7 accessions).
The other two major clusters (I and II) grouped
8 and 7 accessions, respectively. However, 22 minor
clusters were formed among 33 accessions at the
maximum reduced clad level (Figure 4). In conclu-
sion, our results showed significant diversity among
castor collections from Andaman and Nicobar at a
phenotypic and molecular level. The results also in-
dicate that EST-SSRs can be effective and promising
molecular markers for identifying diversity in castor.

The EST-SSR marker system revealed a good
amount of genetic variation among the castor ac-
cessions collected from Andaman and Nicobar, is-
lands of India. This is contradictory to the results
of FOSTER et al. (2010) and ALLAN et al. (2008) with
worldwide genotyping and KANTI et al. (2014) with
north-east castor accessions. This may be due to the
presence of Andaman and Nicobar Islands situated at
a far distance from the mainland. Similarly, genetic
variability was also observed among the accessions

Figure 3. EST- SSR profile for thirty-three accessions of the Andaman and Nicobar collection on 6% polyacrylamide gel

with CES49 primer
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with the agro-morphological traits. The 33 accessions
were separated into three major clusters (A, B, C)
and 22 precise minor groups based on EST-SSR data
set. However, agro-morphological data separated the
accessions into 2 major clusters (I and II). Cluster-
ing of accessions based on EST-SSR data set did not
match entirely with that based on agro-morphological
traits. However, there were some similarities between
both clustering approaches in grouping the acces-
sions. Twelve of the 15 accessions placed in two
major clusters (I and II) by EST-SSRs were located in
major cluster I formed by cluster analysis based on
agro-morphological data. Similarly, 12 out of the 18
accessions of major cluster III formed by EST-SSRs
were located in cluster B of cluster analysis. At the
maximum reduced clad level, RG2702 and RG2704
were placed together in one minor cluster, RG2713
and RG2723 were located in one minor cluster, and
RG2694 and RG2727 were grouped in one minor
cluster by both clustering approaches.

Both AFLP and SSR markers divided 41 castor acces-
sions collected from 5 continents and 35 countries of
the world into 2 major clusters as reported by ALLAN et

doi: 10.17221/205/2014-CJGPB

al. (2008). However, one of them was dominating with
maximum accessions with both the marker systems,
indicating low diversity. Similarly, GAJERA et al. (2010)
used 30 RAPD and 5 ISSR markers to study diversity in
22 castor genotypes and showed that both the markers
divided the genotypes into 2 major clusters dominated
by one of the clusters. Though FOSTER et al. (2010)
reported five clusters involving 152 accessions with
48 SNPs, molecular variance was observed within the
populations followed by among the populations and
continents with low diversity and narrow geographical
distribution, showing a mixture of genotypes in most
of the geographical regions studied. Similarly, Qiu et
al. (2010) also reported 5 clusters with 118 EST-SSRs
among 24 castor samples, but with low geographical
distribution. Based on the sequence of mitochondria
and chloroplast genome sequence of castor, SNPs
were identified for phylogenetic analysis (RIVAROLA
et al. 2011). They divided the accessions into two
distinct subclades, which confirmed the previously
observed low levels of genetic diversity in worldwide
germplasm and showed a broad geographic distribu-
tion of each subclade.
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Figure 4. Radial tree diagram created by Darwin5 software depicting the clustering of 33 castor accessions collected
from Andaman & Nicobar Islands, India, based on EST-SSR data set
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From a cluster diagram generated from eSSR data
it is found that the accessions collected from differ-
ent regions of North Andaman clustered together in
cluster C, indicating high similarity at a molecular
level, whereas other accessions from North, South
and Little Andaman were scattered only between
2 clusters (I and II), showing some variations. The
accession RG2694 from Phoenix Bay and RG2702 from
New Wandoor were grouped with the members of
cluster A and C, respectively. The accessions RG2735
and RG2736 from different regions of Havelock were
scattered between cluster A and C, showing simi-
larity to the members of the cluster. The cluster C
grouped a large number of accessions from differ-
ent collection sites indicating high diversity. Simi-
larly, from the agro-morphological data it is found
that the accessions were scattered between cluster
I and II almost equally. The accessions RG2694 and
RG2702 were grouped with the members of cluster
I and RG2735 and RG2736 were grouped together
in cluster A and C, showing similarity to them. The
accessions from different regions of North, Little and
South Andaman did not show much difference at the
agro-morphological level. This indicates that both
clustering approaches have efficiently discriminated
the accessions. However, EST-SSRs separated the ac-
cessions in a higher number of groups as compared
to the agro-morphological data set, implying high
efficiency and resolution of EST-SSR markers in
genetic analysis of castor germplasm from Andaman
and Nicobar Islands.

CONCLUSION

Considerable agro-morphological diversity was ob-
served among 33 accessions collected from Andaman
and Nicobar Islands. The correlation study clearly
demonstrated the existence of associations among
many agro-morphological traits. Ward’s minimum
variance was effective in categorizing 33 accessions
into diverse groups based on agro-morphological
traits. PCA could identify the most discriminating
traits among the 18 traits evaluated. EST-SSR mark-
ers were efficient for the genetic diversity analysis of
castor germplasm as well in identifying heterozygous
and homozygous accessions. The primers showing
PIC > 0.5 can also be useful for a wide range of genetic
investigations such as association mapping, linkage
map. Highly diverse accessions identified based on
agro-morphological and molecular studies can be
utilized in hybrid development programmes.
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