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Abstract- A total of fifty one accessions of castor (Ricinus
communis L.) germplasm collected from North-eastern hill
region of India were employed for current investigation
involving 35 castor EST-SSR marker for polymorphism at
genetic level. Seventy six alleles with an average frequency of
2.14 band per primer was generated among which 29 were
polymorphic with a polymorphic percentage of 82.8. The
number of allele ranged between 3 and 2 based on which
PIC value was generated between 0.04 - 0.73 with an average
PIC value of 0.38. The genetic similarity index used for
dendrogram, resulted into 3 major and 6 minor clusters with
a Dice similarity coefficient ranging from 0.65 to 0.90.
Confusion probabilities and limit of discriminating power
ranged from 0.021 to 0.623 with a mean of 0.402 and 0.348 to
0.979 with a mean of 0.598 respectively. Highly diversity
genotypes can be used for crop improvement programme
like tagging of germplasm, identification or elimination of
duplicates in the gene stock, establishment of core
collections, sorting of populations for genome mapping and
in breeding program to obtain more variability in the castor
crops.
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. INTRODUCTION

Castor (Ricinus communis L., 2n=2x = 20,
Euphorbiaceae), is industrially important non-edible
oilseed crop widely cultivated in the arid and semi-arid
regions of the world [1]. It appears to have originated in
tropical Africa suggested by high diversity of castor plants
in Ethiopia. The plants can be self or cross pollinated by
wind, with out-crossing as a predominant mode of
reproduction ([2], [3]). Historically it has been cultivated
as an agricultural crop for the oil derived from its seeds.
The seed of castor contain more than 45% oil and this oil
is rich (80-90%) in an unusual hydroxyl fatty acid,
ricinoleic acid [4]. Unique chemical and physical

properties, of castor oil makes 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 fiber optics, bulletproof glass and
bone prostheses and as antifreeze for fuels and lubricants
utilized in aircraft and space rockets and for the
production of biodiesel ([4], [5]), farming and medicines
[6].

India is the largest producer of castor in the world and
also one of the centers of diversity of castor, where great
diversity exists across the country in varied eco-system
[7]. North-east hill region of India has a different
ecosystem. Castor is not a cultivated crop of this region,
yet limited type of castor plants have been found growing
wild, as castor is not the cultivated crop of these regions
conservation and maintenance of castor growing in these
areas is not possible. Thus, wild type castor accessions
were collected during the exploration [8] and conserved
ex-situ at the Directorate of Oilseeds Research,
Hyderabad, India (17.366°N and 78.478°E).

In the current investigation, castor accessions collected
from North-east hill province of India, were evaluated to
study the diversity among them at genetic level. Castor
EST - SSR (Expressed Sequence Tag- Simple Sequence
Repeat) markers were used to study the genetic diversity.

Il. MATERIALS AND METHODS

A. Plant material

Seed source of 51 castor accessions collected from
different parts of Norths-east hill region of India were
procured from Germplasm Management Unit at the
Directorate of Oilseed Research (DOR), Hyderabad. Two
castor cultivar viz.,’ Aruna’ and 48-1 were employed study
to know any genetic relationship existing with NEH castor
germplasm accessions (Table 1).
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Table 1: List of North-East accessions collection and 2 castor cultivars

Code | Germpl | Collection | Code | Germpl | Collection
No. asm site No. asm site

1 RG1921 | Assam 57 RG1980 | Mizoram
2 RG1922 | Assam 58 RG1981 | Mizoram
4 RG1924 | Assam 59 RG1982 | Manipur
7 RG1927 | Assam 64 RG1987 | Manipur
8 RG1928 | Assam 66 RG1990 | Manipur
9 RG1929 | Assam 67 RG1991 | Manipur
11 RG1931 | Assam 68 RG1992 | Manipur
12 RG1932 | Assam 74 RG1998 | Manipur
14 RG1934 | Assam 79 RG2004 | Manipur
17 RG1937 | Meghalaya | 80 RG2005 | Manipur
19 RG1939 | Meghalaya | 85 RG2011 | Nagaland
20 RG1940 | Meghalaya | 86 RG2012 | Nagaland
21 RG1941 | Meghalaya | 88 RG2014 | Nagaland
23 RG1943 | Meghalaya | 89 RG2015 | Nagaland
25 RG1945 | Meghalaya | 92 RG2018 | Assam
26 RG1946 | Meghalaya | 95 RG2025 | Assam
28 RG1948 | Meghalaya | 98 RG2028 | Assam
29 RG1949 | Meghalaya | 99 RG2029 | Assam
32 RG1953 | Meghalaya | 108 RG2038 | Assam
35 RG1956 | Meghalaya | 112 RG2042 | Assam
37 RG1958 | Meghalaya | 115 RG2045 | Assam
38 RG1959 | Meghalaya | 116 RG2046 | Assam
39 RG1961 | Meghalaya | 124 RG1936 | Meghalaya
46 RG1969 | Meghalaya | 126 RG2023 | Assam
53 RG1976 | Meghalaya | Cultivars

55 RG1978 | Mizoram 52 48-1

56 RG1979 | Mizoram 53 Aruna

B. Genomic DNA isolation

Ten fresh young leaves from each accession were bulked
for DNA extraction. Bulked DNA samples were used to
ensure sufficient tissue and the main aim was to study the
gross genetic differences prevalent among these
collections. The genomic DNA was isolated by Cetyl-
trimethyl ammonium bromide (CTAB) method [9] with
minor modifications as per the requirement. Sample (3g)
were grounded to fine powder in liquid nitrogen and
suspended in 15 ml of pre-warmed extraction buffer (100
mM Tris-HCI, 20 mM EDTA pH-8, 1.4 mM NaCl, 2 %
CTAB and 0.2 % R-mercaptoethanol). The homogenate
was extracted twice with chloroform: isoamyl alcohol
(24:1) and centrifuged at 6,000 rpm for 15 min at 4° C.
The nucleic acid was precipitated from the aqueous phase
by adding 0.6 volume of isopropanol followed by
centrifugation at 10,000 rpm for 10 min. The pellet was
washed in 70% ethanol, air dried and dissolved in TE
buffer (10 mM Tris— HCI (pH 8.0), 1 mM EDTA). The
pellet was washed with wash Buffer | (absolute ethanol
and 3M sodium acetate) and wash Buffer Il (absolute

ISSN 2321 - 2705

ethanol and 1M ammonium acetate), air dried and
dissolved in appropriate quantity of TE buffer.

C. PCR amplification

The Polymerase Chain Reaction (PCR) was performed
out in total volume of 20 pl reaction involved ~ 25 ng of
template DNA, 0.08 mM dNTPs, 1X reaction buffer
(containing 1.5mM MgCl,) (Bangalore, Genei), 5 Pmoles
of each forward and reverse primer and 1U of Tag DNA
polymerase (Bangalore, Genei)). The amplification was
performed using Master-Cycler gradient Eppendorf
Version 2.1 (Eppendorf, USA), programmed according
[10] with minor modifications. The PCR cycle profile
followed as: initial denaturation at 94°C for 5 min and
then 30 cycles of 30 sec denaturation at 94°C, 30 sec
primer annealing at 56°C and 30 Sec extension at 72°C
and 10 min at 72°C for final product extension.

Amplification products were stored at 4°C until
further use. PCR reaction mixture was size fractionated on
3.0% agarose (Banglore Genei) gel containing ethidium
bromide in 1 X TAE buffer at 120 volts using horizontal
gel electrophoresis system. The 100 bp DNA ladder runs
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).

D. Staining of PAGE- gels

The amplified PCR products were further subjected onto
6% polyacrylamide gel on a Sequi- Gen (Bio-Rad, USA)
sequencing cell in 1X TBE buffer at 100 W, 50mA at
55°C for 2 hrs. The gel was stained with silver stain for 30
minutes and the visualized bands were photographed.

E. Statistical analysis of banding pattern

Statistical analysis of banding pattern 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. Polymorphism
information content (PIC) values were calculated for
eSSR markers, 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 dendrogram using NTSYS software [11]. The
genetic associations between accessions were evaluated
by calculating the Dice similarity coefficient for pairwise
comparisons based on the proportions of shared bands
produced by the primers. The similarity coefficients were
used for cluster analysis and dendrogram was constructed
by the unweighted pair-group method (UPGMA).

For individual primer/primer combination, confusion
probability (C), and limit of discriminating power (DL)
were calculated [12] and polymorphic information content
(PIC) was calculated [13]. Effective number of
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patterns/assay unit (P), Average number of alleles per
locus (nav), fraction of polymorphic loci (), effective
number of alleles per locus (ne), total number of effective
alleles (Ne). The EST-SSR markers were characterized by
assay efficiency index (Ai), marker index (MI) and
effective multiplex ratio (npg).

I1l. RESULT AND DISCUSSION

Previous studies in castor germplasm have been made
using protein based markers isozymes ([14], [15], [16],
[7]). Limitation of these markers has shifted the castor
molecular research towards the use of DNA based
markers such as AFLP [6], gSSR ([6], [18]), RAPD [19],
RAPD and ISSR [20], SNPs [21] and recently eSSRs
[22]. Microsatellite markers are becoming the markers of
choice due to the level of polymorphism, as well as higher
reliability ([23], [24]). In castor only few gSSR markers
have been exploited for various studies.

To assess the genetic variation among 51 castor
accessions collected from Northeast region of India along
with two commercial cultivars, initial analysis was carried
based on thirty-five different castor eSSR to see whether
they could generate suitable polymorphism among
different samples. It was found that twenty nine primer
pairs produced polymorphic products with a polymorphic
percentage of 82.8 and 6 primer pairs produced
monomorphic products. A total of 76 alleles were
amplified using 29 primer pairs among 51 genotypes and
two commercial cultivars analyzed with an average
frequency of 2.41 bands per primer. Eleven eSSRs
amplified maximum number of three alleles, while 18
markers amplified minimum number of two alleles (Table
2).

PIC value is indicative of the effectiveness of SSR loci
information and measure the information of a given
marker locus for the pool of genotypes [25]. The PIC
value ranged from 0.04 (mMRcDOR04) to 0.73
(mRcDOR24) with an average PIC value of 0.38 (Table
2), indicating that the locus were potent enough. Increase
in the allele number did not affect the PIC value much.
The average PIC value in the current investigation was
higher compared to 0.21 reported with SNPs [21]. In
comparison, the value was lower than 0.40 with gSSR and
AFLP in worldwide germplasm genotyping [6] and 0.82,
0.88 with RAPD & ISSR respectively with the breeding
material [20]. Genetic diversity of 72 castor accessions of
north east based on quantitative and qualitative method
was studied and reported seven most promising
accessions based on the performance of yield attributing
traits [26].

Molecular size of the bands ranged from 110 bp with
primer mMRcDOR203 to 350 bp with primer mRcDORO7.
Confusion probabilities for EST-SSR primers ranged from
0.021 to 0.623 with a mean of 0.402. The limit of
discriminating power (Dp) was used to measure the
efficiency of SSRs, Dp value ranged from 0.348 to 0.979
with a mean of 0.598 (Table 3). The Effective number of
patterns per assay unit (P), assay efficiency index (Ai),
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marker index (MI) were calculated (Table 3). The extent
of polymorphism obtained among the 51 accessions along
two cultivar as revealed by eSSR primer mRcDOR130
and CES49 (Fig 1) on 6 % polyacrylamide page gel and
mRcDOR07, mRcDOR24 & CES09 (Fig 2) on 3.5 %
agarose gel.

Table 3: Detail information obtained with EST-SSR marker in North-
East castor germplasm

S.No. | Indexes Abbreviations EST-SSR

1 Number of assay units U 35.0

2 Number of polymorphic | n, 70.0
bands

3 Number of monomorphic | ng, 6.0
bands

4 Average  Number of | ny/U 2.0
polymorphic bands/assay
unit

5 Number of loci L 35.0

6 Number of loci/assay unit | ny 1.0

7 Average confusion | C 0.402
probability

8 Average limit of | Do 0.598
discriminating power

9 Effective  number of | P 25
patterns/assay unit

10 Average  number  of | ny 2.0
alleles per locus

11 Fraction of polymorphic | B 0.92
loci

12 Total number of effective | N 59.5
alleles

13 Assay efficiency index Ai 1.7

14 Effective multiple ratio E 0.92

15 Marker index Mi 0.55

ryy

e ¥ LA RTY ] LA LY AR L\

cis A ShASAR A BDY VI A 200 0 a5 Ak 20 a0 (e 0 B30 34 HE M IR MY 0 )

L))
P

3 . ,I & § ; " ‘ “ ‘ ~\
o : ! L A C \
J 345 a I!F- [T RS w:"na?c.-'ulku!.‘unmlummm M
Fig 1: Screening of NE castor germplasm with polymorphic markers
mRcDOR 130 and CES 49, respectively on 6%

With the aid of 76 allelic information dice similarity
coefficient of UPGMA cluster analysis was used to
construct a dendrogram from DARWiIn 5.0 (Fig 3), which
illustrated the overall genetic relationship among the 51
accessions studied. Based on the dendrogram, the 51
North-east castor accessions and two castor cultivars were
grouped into three major cluster. Although there were
three distinct clusters (I, Il and I11), only one cluster (I11)
was dominant. Among the three major clusters, Cluster Il1
grouped the largest number of accessions (25). The major
cluster-111 generated 2 minor clusters Illa (16 accessions)
and Illb (9 accessions). The other two major clusters (I
and 1) grouped 14 accessions each. The cultivar, 48-1
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was grouped in the cluster-Il, similarly major cluster-I
grouped the cultivar Aruna along with other accessions of
the group indicating genetic relationship with members of | 1l
cluster 1l & I respectively. It is important to note that all
the 3 clusters generated included accessions from all the _,—'9”

region except the 4 accession of Nagaland, which were il
separated together in cluster I. This indicates that the

germplasm was not restricted to a particular region they 4!—'% i

were highly distributed throughout the North east region. 4

M12 3456 78 91011121314151617 18 19 20 2122 232425262728 29 30 3132 33 3435 3637 33 39404142 43 44 45464748 4950 M 515253

39404142 434445 46 4748 4950 M 51525

EST SSR profile of mMRcDOR24 _"1 ) W

EST SSR profile of CES 09 _|_.—|99
f

Fig 2. EST-SSR profile for 51 accessions of NE collection along wi
castor cultivars on agarose _‘ i
4l

EST-SSR marker system revealed low genetic variation w !
among the castor accession collected from North-east hill 1

region of India. It is similar to the results of Foster et al., f

2010 and Allan et al., 2008, who found limited genetic I

diversity and structure for populations in genome wide _,_‘_m

diversity studies in castor with SNP, AFLP and SSRs. In "
worldwide genotyping of castor germplasm from different i
geographical areas [21], no unique alleles in any of the 4‘—‘37
accessions across different regions were found. Based on r@ "
different parameters, such as the number of alleles, PIC, W
DP value used in this study to analyze the data, i

polymorphic information for 51 castor accessions with 35 "
eSSR markers have been generated. '”9

Table 2: Genetic diversity of 35 eSSR loci in Nort-east castor germplasm as indicated by No. of alleles, range of allele size, PIC, confusion probability
(C), discriminating power (Dp) for EST-SSR primers

Expected size Range of size Effective allele [} Dp
S.No Marker No. of alleles (bp) (bp) (Ae) PIC
1. mRcDOR 04 2 276 270-280 1.03 0.04 0.021 0.979
2. mRcDOR 07 2 342 320-350 2.08 0.52* 0.442 0.558
3. mRcDOR 09 2 161 150-170 1.66 0.40 0.354 0.646
4, mRcDOR 11 2 118 115-135 1.44 0.69* 0.605 0.395
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5. MRcDOR 24 3 239 220-250 3.70 0.73* 0.623 0.377
6. mMRCcDOR 26 1 195 180 - 0 - -
7. mMRcDOR 28 2 244 244-253 1.23 0.19 0.102 0.898
8. mMRCcDOR 49 2 266 260-300 1.40 0.29 0.252 0.748
9. mRcDOR 51 2 289 280-290 1.85 0.46 0.447 0.553
10. mMRcDOR 55 2 196 180-195 217 0.54* 0.446 0.554
11. mMRCcDOR 65 3 245 230-270 1.85 0.46 0.436 0.564
12.| mRcDOR 69 1 195 189 - 0 -
13. mMRcDOR 76 2 162 150-185 1.19 0.16 0.158 0.842
14, mRcDOR 77 2 247 240-250 1.66 0.40 0.374 0.626
15.| mRcDOR 86 1 306 300 - 0 - -
16. mMRcDOR 92 3 190 150-195 2.38 0.58* 0.553 0.447
17. | mRcDOR 103 2 185 182-195 1.40 0.29 0.252 0.748
18.| mRcDOR 119 3 180 180-195 2.27 0.66* 0.652 0.348
19. | mRcDOR 130 3 130 130-145 2.22 0.55* 0.457 0.543
20.| mRcDOR 142 3 216 210-216 1.72 0.42 0.401 0.599
21.| mRcDOR 153 1 360 340 - 0 - -
22.| mRcDOR 166 2 200 180-190 1.96 0.49 0.477 0.523
23.| mRcDOR 203 2 110 110-125 2.04 0.51* 0.477 0523
24.| mRcDOR 206 2 180 180-195 1.78 0.44 0.397 0.603
25.| mRcDOR 215 2 280 270-282 154 0.35 0.240 0.760
26.| mRcDOR 223 3 180 180-193 2.38 0.58* 0.470 0.530
27.| mRcDOR 225 1 320 320 - 0 - -
28. CES 09 3 188 185-200 1.53 0.63* 0.577 0.423
29. CES 10 2 217 217-225 2.05 0.60* 0.465 0.535
30. CSE 28 2 239 240-255 1.66 0.40 0.254 0.745
31. CES 49 3 209 140-230 2.50 0.63* 0.602 0.398
32. CES 80 3 189 190-180 151 0.34 0.277 0.723
33. CES 123 3 242 242-255 3.12 0.68* 0.589 0.411
34. CES 125 1 172 170 - 0 - -
35. CES 137 2 200 200-215 1.44 0.31 0.255 0.745
Total no. of alleles 76 Average 1.33 0.38 0.402 0.598
* denotes eSSR with PIC > 0.5
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