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ABSTRACT

Walnut (Juglans regia) is one of the most essential nutritive and economic nut crops. Genetic diversity analysis of 96
walnut genotypes from Kashmir was done using 13 RAPD and 19 ISSR markers. RAPD diversity analysis revealed
27.78% polymorphism while as ISSR analysis showed 93.05% of polymorphic bands. Jaccards similarity co-efficient
ranged from 0.78 to 1 with an average of 0.91 for RAPD and 0.22 to 0.85 with an average of 0.58 for ISSR markers
and 0.59 to 0.92 with an average of 0.74 for combined data. Cluster analysis using UPGMA by RAPD and ISSR
markers obviously revealed distinct diversity between genotypes. The dendrogram constructed from the combination
of RAPD and ISSR markers categorized the 96 genotypes into one major cluster and five minor clusters. Effective
number of alleles (Ne), Nei's gene diversity (H) and Shannon's Information index (I) of 96 samples were 1.12, 0.08
and 0.12 respectively for RAPD data and 1.48, 0.29 and 0.44 for ISSR data respectively. Positive correlation (r=0.11)
was observed between RAPD and ISSR markers using the Mantel test and thus supporting the validity of the
dendrogram. The high number of alleles and a broad range of genetic diversity were observed among all the
genotypes, accounting them as potential candidates for selective breeding for particular traits and expanding the
genetic base. Based on our results, RAPD and ISSR analysis can be used for the characterization and categorizing of
walnut genotypes and indicate that Jammu and Kashmir has a significant genetic diversity pool and rich genetic
variance of walnuts.
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INTRODUCTION

The genus Juglans is characterized by monoecious
heterodichogamous character, counting approximately 40
species, caterogised into three sections, Dioscaryon Dode,
Cardocaryon Dode and Thyoscaryon Dode. Juglans regia L.
belongs

States clearly led global production, accounting for the 67
percent of total world production. India contributes 2% to the
and o ds total walnut production. Worldwide production of
walnut has been rising speedily in recent years mainly in Asian
countries due to its high nutritional value and antioxidant
properties [3]. In India, walnuts are grown in Arunachal

Pradesh, Himachal Pradesh, Uttarakhand and Jammu and

to Dioscaryon Dode Section and is the most

economically important nut and oil species. Walnut grows well
in regions having temperate climate and is naturally distributed
from east of Turkey to north of Pakistan, Iran, Afghanistan,
mountains of Nepal and Central Asia [1]. In year 2014/15,
worldwide production of walnuts reached 655,651 metric tons
(kernel basis), 14 percent high from the previous year, and 87
percent high when compared with 2004/05, which confirms the
upward drift over the last decade [2]. The China and United

Kashmir. J&K is the main centre for commercial walnut
production in India and contributes around 98% of the
country’s output and the state has been declared as the “Agri.
Export zone for Walnuts”. Most walnuts produced for export by
India are produced in this state. According to the United
Nations Development Programme Special Unit for South-South

Cooperation (UNDP SU/SSC), 63,000 hectares of Jammu and
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Kashmir are presently under walnut cultivation. These plantings
produce around 60,000
approximated 25 million rupees. Moreover, the plant has
medicinal importance for human health which is because of its

high antioxidant capacity [4] and ®-3 fatty acid concentration
[5].

tonnes of walnuts worth an

A thorough understanding of population diversity is must for
the valuable utilization of the genetic variability accessible to
breeders [6]. In order to raise the walnut production and
exportation, new genotypes should be introduced and old
genotypes should be preserved in gene banks [7]. For achieving
this goal, the foremost step is detection of superior genotypes
and then characterization of their genetic variety. For this, the
conventional methods are now being complemented by
molecular methods, enabling breeders to take better decisions
while choosing the germplasm to be used in breeding programs
[8]. Therefore molecular markers are suggested to explore genetic
diversity in walnut [9]. Reports are available concerning
evaluation of genetic diversity among walnut genotypes using
Restriction Fragment Length Polymorphism (RFLP) [10],
Random Amplified Polymorphic DNA (RAPD) ([11], Inter
Simple Sequence Repeat (ISSR) markers [12,13], Microsatellite
markers [9,14] and Amplified Fragment Length Polymorphism
(AFLP) [15]. Ultimately, high-quality genotypes could be used in

crossing programs to produce new commercial genotypes.

RAPD markers have the advantages of being easy to use, low
cost of experiments and they also cover the entire genome.
Moreover, they can be used as a primary method of choice for
screening the genotypes to find duplicates in collections. RAPDs
have been used to evaluate the level of polymorphism in Juglans

Table 1: Details of 96 walnut genotypes used in the study.
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[7] as well as in other important fruit tree species, with attractive
results [16]. In Jammu and Kashmir, India, a high level of
genetic diversity was found within walnut populations exhibited

by Morphological, RAPD and SSR markers [17,18].

ISSRs are important tool to assess the genetic diversity in a plant
collection or wild species, and are helpful to identify genotypes,
even in highly related individuals [12,19-21]. In addition to the
reproducibility and low cost of the technique [22], the most
important advantage of this method is its universality and ease
of development [6], ISSRs have been extensively used to evaluate
genetic diversity of populations of economic forest tree species
[23]. To our knowledge, ISSR have never been used in walnut
genetic diversity studies in India. So we are reporting it for the
first time. The aim of this study was to find out the genetic
relationships among 96 genotypes of Juglans regia from different
selected districts of Jammu and Kashmir with different
molecular markers.

MATERIAL AND METHODS

Plant material

A total of ninety six walnut genotypes were obtained from the
research farm of Central Institute of Temperate Horticulture,
Srinagar, India representing 94 local selections from eight
geographically isolated districts of Jammu And Kashmir State
and two exotic varieties (Table 1). Maximum number (32) of
genotypes were represented by district Budgam followed by
Ganderbal (26), Pulwama (11), Baramulla (11), Anantnag (07),
Shopian (03) Srinagar (03) and Bandipora (01).

S. No Accession No. Collection Site Latitude Longitude Altitude
1 AMC5 1C587092 Anantnag 33°73 75°16 5,253 ft
2 GSs-18 1C587139 Ganderbal 34°23 74°78 5,302 ft
3 UB-3 1C587210 Baramulla 34°19 74°36 5,226 ft
4 LG-10 1C561052 Ganderbal 34°23 74°78 5,312 ft
5 APS-13 1C587272 Anantnag 33°73 75°15 5,253 ft
6 GKS 1 1C587142 Ganderbal 34°23 74°78 5,312 ft
7 SHS-1 IC587175 Shopian 33°9 74°99 5600ft

8 SPB-2 1C587299 Budgam 34°63 76°04 10,479 ft
9 756 IC587370 Budgam 34°63 76°04 10,479 ft
10 PTS-1 1C587215 Pulwama 33°88 74°92 5,350 ft
11 PTS-5 1C587279 Pulwama 33°88 74°92 5,350 ft
12 SHS-11 1C587331 Shopian 33°9 74°99 5600ft
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13 Cith W7 IC587309 Budgam 33°54 75°07 5463 ft
14 BWS-19 IC587311 Budgam 34°63 76°04 10,479 ft
15 HS4 1C561062 Ganderbal 34°23 74°78 5,312 ft
16 LG4 1C587077 Ganderbal 34°23 74°78 5,312 ft
17 Cith W25 1C587309 Budgam 34°63 76°04 10,479 ft
18 Cith W11 IC587310 Anantnag 33°13 75°16 5,253 ft
19 Cith W24 1C587230 Budgam 34°63 76°04 10,479 ft
20 BB-1 1C587328 Budgam 33°54 75°07 5575tt
21 CWS9 1C587283 Budgam 34°63 76°04 10,479 ft
22 CithW15 1C587077 Ganderbal 34°23 74°78 5,312 ft
23 PTS-10 1C587286 Pulwama 33°88 74°92 5,350 ft
24 CWs-7 IC587268 Budgam 34°63 76°04 10,479 ft
25 BB-2 IC5873217 Budgam 33°54 75°07 5575ft
26 GWS-6 1C587160 Ganderbal 34°23 74°78 5,312 ft
27 BSS-4 1C587298 Budgam 34°63 76°04 10,479 ft
28 Cith W2 1C561049 Anantnag 33°05 75°07 5414 ft
29 PBS-3 1C587085 Pulwama 33°88 74°92 5,350 ft
30 SPS-1 1C587172 Shopian 33°9 75°07 5414

31 PTS3 1C587277 Pulwama 33°88 74°92 5,350 ft
32 PTS2 IC5872176 Pulwama 33°88 74°92 5,350 ft
33 BB-3 IC587326 Budgam 33°54 75°07 69911t
34 PTS21 IC587334 Pulwama 33°88 74°92 5,350 ft
35 Cith W12 IC587228 Budgam 34°63 76°04 10,479 ft
36 Cith W13 IC587115 Budgam 34°63 76°04 10,479¢ft
37 Cith W23 IC587091 Anantnag 33°73 75°15 54141t
38 GB-2 1C587072 Ganderbal 33°05 75°07 5414 ft
39 Cith W16 1C587140 Budgam 34°63 76°04 10,4791t
40 BRTS4 1C587193 Baramulla 34°19 74°36 5,226 ft
41 Cith W5 1C587086 Pulwama 33°88 74°92 5,350 ft
42 Cith W3 IC587184 Baramulla 34°63 76°04 10,4791t
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43 CithW14 1C587091 Anantnag 33°73 75°15 5,253 ft
44 GLS6 1C587154 Ganderbal 34°23 74°78 5,312 ft
45 BRUS 10 1C587218 Baramulla 34°19 74°36 5,226 ft
46 WGB-13 Budgam 34°63 76°04 10,479 ft
47 CPB-4 Budgam 34°63 76°04 10,479 ft
48 NB-2 Budgam 34°63 76°04 10,479 ft
49 NDPB-1 Baramulla 34°19 74°36 5,226 ft
50 PGB-1 Ganderbal 34°23 74°78 5,302 ft
51 PB3 Pulwama 33°88 74°92 5,350 ft
52 PSB-2 Budgam 34°63 76°04 10,479 ft
53 DKT:2 Baramulla 34°19 74°36 5,226 ft
54 KD-2 Baramulla 34°19 74°36 5,226 ft
55 NB-3 Budgam 34°63 76°04 10,479 ft
56 AB-1 Baramulla 34°19 74°3 5226ft
57 KD-1 Baramulla 34°19 74°36 5,226 ft
Passport data send to
58 UKB3 NBPGR, New Delhi for IC_Baramulla 34°19 74°36 5,226 ft
59 JKB-5 number allorment Budgam 34°63 76°04 10,479 ft
Passport data send to
60 KB-1 NBPGR, New Delhi for IC g, 4gam 34°63 76°04 10,479 fe
number allotment
61 GGS1 Ganderbal 34°23 74°78 5,312 ft
62 7P3 Pulwama 33°88 74°92 5,350 ft
63 BSS-5 Budgam 34°63 76°04 10,479 ft
64 KB-2 Baramulla 34°19 74°36 5,226 ft
65 BPM-2 Budgam 34°63 76°04 10,479 ft
66 Shalimar-1 Srinagar 32°44 74°54 5,200t
67 GPB-2 Ganderbal 34°23 74°78 5,302 f
68 GKB-4 Ganderbal 34°23 74°78 5,302 f
69 CGB-1 Budgam 34°63 76°04 10,479t
70 ZGB-1 Ganderbal 34°23 74°78 5,302 ft
71 GKB2 Ganderbal 34°23 74°78 5,302 ft
72 Shalimar-6 Srinagar 32°44 74°54 5,200t
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73 NB-+4 Budgam 34°63 76°04 10,479 ft
74 DKB-1 Budgam 34°63 76°04 10,4791t
75 S-289 Budgam 34°63 76°04 10,479 ft
76 P4 Pulwama 33°88 74°92 5,350 ft
77 S-285 Budgam 34°63 76°04 10,479 ft
78 Skua 0024 Srinagar 32°44 74°54 5,200ft
79 Skua 0022 Ganderbal 34°23 74°18 5,302 ft
80 Skua 003 Ganderbal 34°23 74°78 5,302 ft
81 Skua 004 Ganderbal 34°23 74°78 5,302 ft
82 DB-2 Bandipora 34°41 74°65 5541ft
83 Skua 0023 Ganderbal 34°23 74°78 5,302 ft
84 Skua 0020 Ganderbal 34°23 74°78 5,302 ft
85 HCB-1 Anantnag 33°73 75°16 5,253 ft
86 RKB-1 Budgam 34°63 76°04 10,479 ft
87 GKB-1 Ganderbal 34°23 74°78 5,302 ft
88 KBB-1 Budgam 34°63 76°04 10,479 ft
89 Skua 002 Ganderbal 34°23 74°78 5,302 ft
90 Sulaiman Ganderbal 34°23 74°78 5,302 ft
91 Saloora-1 Ganderbal 34°23 74°18 5,302 ft
92 Wussan 8 Ganderbal 34°23 74°78 5,302 ft
93 NBB-3 Budgam 34°63 76°04 10,4791t
94 VL-2 Ganderbal 34°23 74°18 5,302 ft
95 Chenovo Exotic Collection

96 Nugget Exotic Collection

DNA extraction

Total DNA was extracted from fresh, young leaf tissue (0.5 g), by
a Cetyltrimethylammonium bromide (CTAB) method as
described by Doyle [24]. The extract was further purified by
standard method of Sambrook [25]. Concentration and purity
of DNA was determined by electrophoresis in 0.8% agarose gels
and spectrophotometrically on Nano Drop (Thermo). This
extraction method yielded an average DNA content of 500 pg
g1 of leaf tissue, and purified DNA revealed A260/A280=1.80 +
0.22, revealing the high purity of DNA samples.

Agrotechnology, Vol.8 Iss.1 No:185

RAPD and ISSR amplification

DNA from each walnut genotype was screened with 13 RAPD
primers and 19 ISSR primers (Tables 2 and 3). For RAPD, the
PCR reaction (50 pl) consisted of: 1X reaction buffer (20 mM
Tris-HCI pH 8.4, 50 mM KCl), 0.2 mM dNTPs, 2 mM MgCl,,
10 pM primer, 1.0 unit of Taqg DNA polymerase, and 25-50 ng
genomic DNA. For ISSR the PCR reaction (25 pl) contained
the following: 25 pL containing 40 ng genomic DNA, 1X PCR
buffer (20 mM Tris-Cl pH 8.4, 50 mM KCI), 1.5 mM MgCl,, 0.2
mM dNTPs, 10 pM oligodeoxynucleotide primer and 1.0 unit of
Tag DNA polymerase. PCR amplifications were performed in a
gradient thermal cycler (Make TAKARA, Japan). The RAPD



Shah UN, et al. OPEN 8 ACCESS Freely available online

and ISSR amplifitd DNA was further analyzed by USA) was used for molecular weight estimation of PCR
electrophoresis on 2% agarose gel in a 0.5x TBE buffer. The gels products. Only the bands between 100 and 1500 bp which were
were stained with ethidium bromide (0.5 pg/ml) and visualized clear and unambiguous were recorded.

under UV light. A 100 bp DNA ladder (Invitrogen, Madison,

Table 2: Polymorphic profile and characteristics of 13 RAPD primers used across 96 genotypes of walnut (Juglans regia L.).

S. No. ISSR B PB PIC 1B MI Primer Sequence
1 834 4 4 0.25 6.06 1.00 (AG)BGC

2 849 3 2 0.26 3.56 0.77 (GT7GAA

3 811 9 9 0.42 9.65 3.77 CAC(CA)6AT
4 818 3 3 0.28 4.33 0.84 (CA)BG

5 821 2 2 0.44 2.65 0.87 (GT8T

6 822 3 3 0.37 2.58 .11 (TC)7TTAC

7 826 4 4 0.22 4.79 0.88 (AC)8C

8 827 2 2 0.16 3.60 0.33 (AC)8GG

9 828 3 3 0.24 4.31 0.73 (TG)8A

10 845 2 2 0.28 2.98 0.56 (CT)8GT

11 864 2 2 0.20 3.52 0.39 (ATG)5TG

12 865 6 6 0.37 1.67 2.24 (ATG)5TCC
13 819 1 1 0.12 1.88 0.12 (GT)8A

14 857 4 4 0.35 2.90 1.40 (AC)8GGTC
15 859 6 6 0.31 3.75 1.83 (TG)8RC

16 848 6 5 0.26 6.33 1.58 (CA)BGC

17 830 4 1 0.04 6.15 0.17 (TG)8G

18 851 7 7 0.22 2.06 1.54 (GTBCG

19 847 1 1 0.49 1.10 0.49 (CA)BGC

Table 3: Polymorphic profile and characteristics of 19 ISSR primers used across 96 genotypes of walnut (Juglans regia L.)

S. No. ISSR TB PB PIC 1B MI Primer Sequence
1 834 4 4 0.25 6.06 1.00 (AG)8GC

2 849 3 2 0.26 3.56 0.77 (GT7GAA

3 811 9 9 0.42 9.65 3.77 CAC(CA)6AT

4 818 3 3 0.28 4.33 0.84 (CA)BG

5 821 2 2 0.44 2.65 0.87 (GT8T

Agrotechnology, Vol.8 Iss.1 No:185 6
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6 822 3 3 0.37 2.58 1.11 (TC)TTAC
7 826 4 4 0.22 4.79 0.88 (AC)8C
8 827 2 2 0.16 3.60 0.33 (AC)8GG
9 828 3 3 0.24 4.31 0.73 (TG)8A
10 845 2 2 0.28 2.98 0.56 (CD8GT
11 864 2 2 0.20 3.52 0.39 (ATG)5TG
12 865 6 6 0.37 1.67 2.24 (ATG)5TCC
13 819 1 1 0.12 1.88 0.12 (GT)8A
14 857 4 4 0.35 2.90 1.40 (AC)8GGTC
15 859 6 6 0.31 3.75 1.83 (TG)8RC
16 848 6 5 0.26 6.33 1.58 (CA)8GC
17 830 4 1 0.04 6.15 0.17 (TG)8G
18 851 7 7 0.22 2.06 1.54 (GT)BCG
19 847 1 1 0.49 1.10 0.49 (CA)8GC
MOLECULAR DATA ANALYSIS RESULTS AND DISCUSSION
For qualitative analysis, the RAPD and ISSR data were analyzed RAPD analysis

as dominant markers. Presence or absence of the band was
scored as 1 or O respectively, thus obtaining the molecular
identification profile for each genotype. The capacity of each
primer to distinguish among the genotypes was evaluated by the
number of amplicons per primers, Percent Polymorphism,
Polymorphic Information Content (PIC) [26], Effective
Multiplex Ratio (EMR), Resolving Power (Rp) [27] and Marker
Index (MI) [28].

The dendrogram was constructed using NTSYS-pc version 2.02e
software [29] (Applied BioStatistics, Inc., Setauket, NY, USA)
package to compute pairwise Jaccard’s similarity coefficients
[30]and the similarity matrix thus obtained was used in cluster
analysis using an UPGMA (unweighted pair-group method with
arithmetic averages) and sequential, agglomerative, hierarchical
and nested (SAHN) clustering algorithm. In order to estimate
the goodness of fit of the UPGMA cluster analysis between
similarity matrix and the dendrogram of RAPD and ISSR, the
coefficient of correlation was calculated using the Mantel test
[31] using the MxComp Module of NTSYS PC software (version
2.02e) (Applied BioStatistics, Inc., Setauket, NY, USA) package.

Genic Variation and Heterozygosity Statistics of 13 RAPD and
19 ISSR primers were calculated using software-PopGene-32
version 1.31 [32].

Agrotechnology, Vol.8 Iss.1 No:185

Thirteen RAPD primers used in present study produced 54
scorable fragments out of which 15 (27.78%) were polymorphic
across 96 walnut genotypes. The number of polymorphic alleles
found at each RAPD locus ranged from O to 7 with an average
of 1.15 loci per primer. The most prolific RAPD primer was
OPC-04 that amplified 7 polymorphic loci. Significantly higher
level of polymorphism (43%) was observed in walnut through
RAPD markers by Fakhraddin [33]. Our study revealed higher
number of average alleles per loci, on an average 4.15 alleles was
observed per loci which are higher than previous reports of
Nicese [11] and Potter [34]. Resolving power (Rp) values for
RAPD primers ranged from O to 12 with an average of 6.99. MI
value for RAPD ranged from O to 1.36 with an average of 0.32.
The PIC values of the primer combinations in RAPD varied
from O to 0.29 with an average of 0.07. Our average values of M1
and RP are higher than those which were observed by Fatahi
[35] and Ahmed [17]. The respective values for overall genetic
variability for PIC, Rp and MI in all the 96 genotypes are
summarized in Table 2. The RAPD derived data was subjected
to calculate the genetic similarity which revealed a varying
degree of genetic relationship for genotypes belonging to
different geographically isolated districts. The Jaccard’s similarity
coefficient ranged from 0.78 to 1.00 with an average of 0.91
amongst all the 96 walnut genotypes. The lowest pairwise
similarity coefficient value was between CITH-W3 and PTS-10
(0.78). This indicates a quite high degree of genetic variability
within the species which may be because of different original
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parents. Cluster analysis defined four main groups (Figure 1).
First Cluster consisted of 26 genotypes with an average similarity
of 94%. Second cluster, the major cluster comprised of 45
genotypes with an average similarity of 95%. Third and Fourth
Cluster consisted of 4 and 21 genotypes respectively with an
average similarity of 89% and 93% respectively. The principal
coordinate analysis (PCoA) showed that the first three axis
accounted for 94.59% (91.36%, 2.12% and 1.08% by 1st, 2nd
and 3rd co-ordinate respectively) of total variation. The grouping
shown in dendrogram was at par with that shown in 3D scatter

of PCoA (Figure 2).

Codfiat

Figure 1: UPGMA dendrogram showing clustering pattern of 96
walnut genotypes using 13 RAPD markers.

USSANS

Figure 2: Three dimensional PCO (principal co-ordinate analysis)
scaling of 96 walnut genotypes using 13 RAPD markers.

The number of alleles (na), the effective number of alleles (ne)
[36], Nei’s gene diversity (h) and Shannon's Information index
(I) [37] are given in Table 4. The average effective number of
alleles for all the RAPD primers was 0.76 with locus OPU-03
possessing highest number of effective alleles (1.48) followed by
OPJ-04 (0.45) and OPC-04 (0.27). Similarly, Shannon's
Information index ranged from O to 0.43 (OPU-03) with an
average of 0.12 and Nei’s gene diversity ranged from O to 0.29
(OPU-03) with an average of 0.08.

Table 4: Genetic Variation Statistics of 13 RAPD Primers in 96 Walnut
genotypes.

S.No. Primer Name na’ ne’ h' I

1 OPC-04 2.00 1.27 0.19 0.32

Agrotechnology, Vol.8 Iss.1 No:185
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2 OPB-01 1.00 1.00 0.00 0.00
3 OPJ-04 1.50 1.45 0.24 0.33
4 OPM-5 1.20 1.14 0.08 0.12
5 OPM-09 1.00 1.00 0.00 0.00
6 OPO-02 1.33 1.32 0.16 0.23
7 OPP-03 1.00 1.00 0.00 0.00
8 OPR-03 1.00 1.00 0.00 0.00
9 OPU-03 1.75 1.48 0.29 0.43
10 OPB-08 1.17 1.04 0.03 0.06
11 OPC-06 1.17 1.02 0.02 0.04
12 OPM-02 1.00 1.00 0.00 0.00
13 OPP-07 1.00 1.00 0.00 0.00

Mean 1.28 1.12 0.08 0.12

St. Dev 0.45 0.26 0.15 0.22

“na=Observed number of alleles; ‘ne=Effective number of alleles
[Kimura and Crow (1964)); ‘h=Nei's (1973) gene diversity;

“I=Shannon's Information index [Lewontin (1972)].

ISSR analysis

ISSR markers are helpful in fields of genetic diversity,
phylogenetic studies, gene tagging, genome mapping and
evolutionary biology in a wide range of plant species [6]. They
have been effectively used in many tree species, including walnut
(. regia L.) [34,38], olive (Olea europaea L.) [39], mulberry (Morus
L.) [40] and plum (Prunus L. spp.) [41]. The genetic variation
observed through RAPD was further analyzed by ISSR to obtain
a more accurate molecular characterization of the studied
walnut genotypes. ISSR analysis of 19 markers produced 72
scorable fragments out of which 67 (93.05%) were polymorphic.
The number of alleles observed at each ISSR locus varied from
1(p819; p847) to 9 (p811) with an average of 3.78 alleles per
locus and polymorphic loci also range from 1 (p 847; p819;
p830) to 9 (p811) with an average of 3.52 polymorphic loci per
primer. The most prolific ISSR primer was p811 amplifying 9
polymorphic bands, while the least productive markers
amplifying single monomorphic loci were p819 and p847. Hence
we observe that ISSR markers have higher potential to
discriminate walnut genotypes from each other due to capability
of generating higher number of polymorphic loci per primer.
PIC values range from 0.04 (p830) to 0.49 (p847) with an
average of 0.27. MI values ranged from 0.12 (p830) to 3.77
(p847) with an average of 1.08. Primer p811 exhibited the
highest Rp value (9.64) and the lowest value (1.10) was recorded
for the primer p847 with an average of 4.20. Prevost and
Wilkinson (1999) reported a linear relationship between the
ability of a primer to distinguish genotypes and Resolving power.
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The percentage of polymorphic bands (PPB), the average
number of polymorphic bands per primer, PIC, MI and Rp
obtained in our present results were higher than those
previously found in ISSR studies in walnut by Potter [34]
Christopoulus [12] Mahmoodi [13] and Ji [42].

The Jaccard’s similarity coefficient ranged from 0.22 to 0.85
with an average of 0.58 among all the 96 walnut genotypes used
which is lower than the findings of Ji [43]. The lowest pair-wise
similarity (22%) was observed between genotype HCBI and
Chinovo while as highest pair-wise similarity (85%) was observed
between genotype DKT2 and BWS19. The reason for this
higher similarity is that the two genotypes may have the same
parents. In the present study, 94 genotypes were separated into
ten distinct clusters and two genotypes (HCB1 and PSB2) do
not form part of any cluster (Figure 3). First cluster consisted of
2 genotypes with an average similarity of 58.1%. Second cluster,
the largest one, consisted of 25 genotypes with an average
similarity of 68.1%. Third, fourth and fifth cluster consisted of
21, 13 and 2 genotypes with an average similarity of 68.6%,
62.4% and 63.5% respectively. Similarly sixth, seventh and
eighth cluster was represented by 11, 6 and 2 genotypes with an
average similarity of 66.4%, 66% and 62.7% respectively. Ninth
and tenth cluster comprised of 10 and 2 genotypes with an
average similarity of 63% and 60.5% respectively.

—_— &
— 5
e r— =
1
i B (k] 14
Coelficient

Figure 3: UPGMA dendrogram showing clustering pattern of walnut
genotypes using 19 ISSR markers.

Furthermore individuals of two main clusters (Cluster 2 and
Cluster 3) have an average similarity of 65.9%. The principal
coordinate analysis (PCoA) showed that the first three axis
accounted for 65.65% (59.39%, 3.34% and 2.90% by 1st, 2nd
and 3rd co-ordinate respectively) of total variation. The grouping
shown in dendrogram was at par with that shown in 3D scatter
(Figure 4). The na, ne, h and I are summarized in Table 5. The
locus p847 possessed highest number (1.98) of effective alleles
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while locus p830 possessed lowest number (1.05) of effective
alleles with an average of 1.48 for all the studied loci. Similarly,
Shannon's Information index ranged from 0.07 (p830) to 0.69
(p847) with an average of 0.44 and Nei’s gene diversity ranged
from 0.04 (p830) to 0.49 (p847) with an average of 0.29. Ji et al.
recorded a high genetic diversity as detected with Nei’s (H=0.25)
and Shannon’s diversity ([=0.40) which is at par with our
findings.

Table 5: Genetic variation statistics of 19 ISSR Primers in 96 Walnut
genotypes.

S.No. Primer name na’ ne’ h I
1 p834 2.00 1.38 0.25 0.40
2 p849 1.67 1.44 0.26 0.38
3 p8l1 2.00 1.74 0.42 0.61
4 p818 2.00 1.45 0.28 0.44
5 p821 2.00 1.79 0.44 0.63
6 p822 2.00 1.65 0.37 0.55
7 p826 2.00 1.36 0.22 0.36
8 p827 2.00 1.23 0.16 0.27
9 p828 2.00 1.38 0.24 0.38
10 p845 2.00 1.53 0.28 0.42
11 p864 2.00 1.28 0.20 0.33
12 p865 2.00 1.64 0.37 0.56
13 p819 2.00 1.13 0.12 0.23
14 p857 2.00 1.61 0.35 0.52
15 p859 2.00 1.50 0.31 0.47
16 p848 1.83 1.44 0.26 0.40
17 p830 1.25 1.05 0.04 0.07
18 p851 2.00 1.34 0.22 0.36
19 p847 2.00 1.98 0.49 0.69
Mean 1.93 1.48 0.29 0.44
St. Dev 0.26 0.35 0.17 0.22
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“na=Observed number of alleles; ‘ne=Effective number of alleles
[Kimura and Crow (1964); ‘h=Nei's (1973) gene diversity;

“I=Shannon's Information index [Lewontin (1972).
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Figure 4: Three dimensional PCO (principal co-ordinate analysis)
scaling of 96 walnut genotypes using 19 ISSR markers.

RAPD and ISSR combination

For obtaining more desirable results, the data of both the
primer types (RAPD & ISSR) was pooled and a dendrogram was
developed from this data. The Jaccard’s similarity coefficient
based on all possible pairs of genotypes varied from 0.59
(SKUA-22 & CITH-W-25) to 0.92 (DKT-2 & BWS-19) with an
average of 0.74. The UPGMA dendrogram clearly depicted the
genetic relationship between the genotypes and showed that all
the genotypes formed one major cluster and five minor clusters
and one genotype PTS21 does not form the part of any cluster.
Cluster I, the major cluster, comprising of 63 genotypes with
71% average similarity represented the selections from Budgam
(31.7%), Ganderbal (30.15%), Pulwama (11.11%), Anantnag
(6.34%), Srinagar (4.76) and Shopian (3.17%). Thus the
majority of genotypes in Cluster I are from district Budgam
followed by Ganderbal. Within the first cluster, two subgroups
consisting of 52 and 11 genotypes were found. The second
cluster comprised of only two genotypes each from Budgam and
Ganderbal district with an average similarity of 78%. The third
cluster comprising of eleven genotypes with an average similarity
of 77% represented the genotypes from district Budgam
(45.45%), Pulwama (18.18%) and 9.0% each from district
Ganderbal, Baramulla, Shopian and collections.
Therefore the majority of genotypes in this cluster are from
district Budgam. Fourth cluster consisted of 7 genotypes with an
average similarity of 81%. This cluster was represented by
genotypes from Budgam (42.85%) and Baramulla (42.85%).
Fifth cluster consisted of 9 genotypes with an average similarity
of 76%. This cluster was represented by the genotypes from
district Ganderbal (33.35%), Budgam (22.2%), Anantnag

exotic
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(22.2%), Pulwama (11.1%) and Baramulla (11.1%). Sixth cluster
consisted of 3 genotypes each from district Ganderbal, Budgam
and Anantnag with an average similarity of 76%. The out-
crossing nature and seedling origin of walnut may be responsible
for such diverse clustering. No relationship was found between
the spatial and genetic proximity of the germplasm apart from
few genotypes which may be originated from similar regions.
Since the genotypes have seedling origin and were grown as nuts
which shows high degree of segregation and thus leading to
development of entirely new genotypes. Thus the genotypes
showing similarity may be derived from the genotypes from the
same cluster. The common practice in the region was to raise
the walnut trees from nuts of genotypes having superior quality
and thus leading to development of new walnut genotypes with
some degree of superior nut qualities. The principal coordinate
analysis (PCoA) showed that first three axis accounted for
78.53% (74.82, 2.01 and 1.69 by Ist, 2nd and 3rd co-ordinate
respectively) of total genetic variance. The grouping shown in
dendrogram was at par with that shown in 3D scatter.

Two way Mantel test [31] was done between the RAPD and ISSR
data matrices to compare the goodness of the fit of each
similarity matrix. The correlation coefficient (r) was found to be
0.11 between matrices generated by RAPD and ISSR markers
using the Mantel Test (t=2.39, p=0.99) supporting the validity of
the dendrogram.

Both the marker techniques of RAPD and ISSR proved to be
extremely effective in discriminating the 96 walnut genotypes
analyzed, since the majority of bands were polymorphic amongst
genotypes. The number and percent of polymorphic loci,
polymorphic information content (PIC), and marker index (MI)
of primers were higher for ISSR markers. In this study, we found
a high degree of polymorphism (93.05%) in the 96 genotypes
studied. This validates that ISSR markers are useful markers in
genetic  divergence  studies allowing an  unequivocal
identification for genotypes. The high level of polymorphism
possibly reflects the outcrossing character of walnut because
almost similar results have been obtained in fruit and nut tree
species like pistachio [42] or olive [44].

CONCLUSION

Present study provides the base for association mapping studies
and linkage map development in walnut. Since the walnut
population we studied is heterogeneous with respect to number
of traits and those traits can be linked with markers through
association mapping studies. Present study clearly identified the
markers with potential for utilization in walnut breeding
programs.
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