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Abstract The walnut (Juglans regia) has been extensively

characterized for expressed sequence tags (EST) sequences

and currently 6169492 ESTs are available in National

Center for Biotechnology Information. Although this is a

valuable resource for marker development, the redundancy

in sequences makes the mining out of unique candidates for

designing markers cumbersome. Keeping this in view, the

present study was undertaken with the aim to remove the

data redundancy in walnut ESTs and then to develop

simple sequence repeats (SSRs) markers. The EST

sequences were assembled into a non-redundant set of 85

contigs and 1584 singletons (total sequences 1699), indi-

cating 16.55% reduction in data redundancy. These 1699

sequences were then used to mine out SSR motifs. 132

EST-SSRs were detected, with dinucleotide repeats being

predominant (70.45%), followed by trinucleotide repeats

(27.27%) and very less frequent hexanucleotides (2.27%).

These markers were validated by designing primer pairs.

15 of these designed primers were tested on a group of 37

walnut genotypes. Out of which 7 markers gave robust

amplification, generating polymorphism. These findings

indicate the usefulness of EST-SSRs in genome analysis.

This study further emphasizes the importance of assembly

of the vast amounts of data submitted in public databases.

Our results have generated a set of non redundant walnut

ESTs which is of prime importance for development of

marker systems without any repetition or overlapping.
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Introduction

Walnut (Juglans regia L.) is an important nut belonging to

family Juglandaceae. It is commonly known as ‘Akhrot’, in

India and almost all parts of which are used in one way or

the other. Juglans regia—Persian walnut or English walnut

is an indigenous species in Eurasia which is cultivated

throughout the temperate regions of world for its high

quality wood and edible nuts. Persian walnut is monoe-

cious and heterodichogamous, with 2n chromosome num-

ber = 32. The mating system of Persian walnut is

predominantly out crossing, as it is wind pollinated,

although under particular environmental conditions self-

pollination is also possible [1].

Cultivated varieties of walnut generally adapt well to

climatic conditions of different production areas. Juglans

regia, has an exceptionally wide natural distribution, it

occurs from Carpathian Mountains of Eastern Europe, all

through Western Asia, the Himalayan regions of Pakistan,
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India, Nepal, Bhutan and China. Wild trees of walnut are

found commonly in mixed deciduous and coniferous for-

ests at altitude ranging from 1550 to 3000 m. The wild

walnuts are found in Kaghan valley, Ayubia National Park,

Swat (in Pakistan). In some regions walnut trees grow to

enormous sizes. The height of the largest tree ranges

between 40 and 50 m. Juglans regia is a long lived species

and even some are 1000 years old [2]. The nuts of the wild

trees are smaller, rounder, and have a much thicker shell.

There is an enormous variability in nut traits e.g., nut sizes

(small to very large), shape, shell thickness (very thin to

very thick), the degree of shell seal, the colour of kernel,

and the taste and appearance of kernels.

Persian walnuts are the most common, their nutrient

density and profile are significantly different from those of

black walnuts. Unlike most nuts that are high in monoun-

saturated fatty acids, walnut oil is composed largely of

polyunsaturated fatty acids, particularly alpha-linolenic

acid and linoleic acid. They also contain triglycerides

effective in reducing the risk of cardiovascular diseases and

are also useful source of lipids. Nutritional value of walnut

is gaining importance due to neuro- transmitter molecules,

serotonin and melatonin which are used as nutraceuticals.

Compared to certain other nuts, such as almonds, peanuts

and hazelnuts; walnuts contain the highest spectrum of

antioxidants, including free antioxidants and the antioxi-

dants bound to fiber.

Markers are available in vast array for crop genome

analysis in literature. Molecular markers detect the dif-

ferences in DNA of individual plants. Among many types

of molecular markers microsatellites, or simple sequence

repeats (SSRs), have an edge because of polymorphic loci

present in nuclear and organelle DNA, which consists of

repeating units of 2–6 base pairs in length. They are

hyper-variable, present throughout the genome of

eukaryotes. Due to their abundance, codominant inheri-

tance, distribution throughout the genome, multi-allelic

variation, high reproducibility and high level of poly-

morphism, SSRs are considered powerful genetic mark-

ers. SSRs are mainly of two types Genomic SSRs and

EST SSRs or genic SSRs. These markers often present

high levels of inter- and intra-specific polymorphism,

particularly when tandem repeats number ranges from 60

to 100. Genic- SSRs are specific regions of genome and

are used to amplify the specific microsatellite repeat in a

Polymerase Chain Reaction (PCR) reaction. SSR markers

also have proven useful in the repository setting [3] to

examine potential redundancies and propagation errors

within collections [4, 5]. Keeping in view the above,

present study was taken up with the objective to develop

EST-SSRs for Juglans regia L..

Material and Methods

Source Plant Material and DNA Isolation

Source material was collected from plants of Juglans regia

L. from field (Ochghat) of Fruit Science Department of Dr.

Y.S. Parmar University of Horticulture and Forestry,

Nauni, Solan (H.P.). Young and healthy leaves of thirty-

seven genotypes of Juglans regia L. were excised from the

plants in the field and transported to the laboratory and

stored at - 80 �C till further use. Genomic DNA from the

collected leaves of different plant species was isolated

following CTAB method of Doyle and Doyle [6] followed

by further purification.

Searching of Juglans regia L. EST Sequences

from dbEST

Two thousand EST sequences of Juglans regia L. were

obtained from NCBI website (www.ncbi.nih.gov) in

FASTA format and saved as text file.

Clustering and Assembly of EST Sequences

EGassembler webserver [7] was used to produce a non-

redundant dataset from 2000 redundant ESTs obtained

from NCBI. The software masked the repetitive elements

including small RNA pseudo genes, LINEs, SINEs, LTR

elements, vector sequences, organelle and other inter-

spersed repeat. The software automatically screens and

cleans for various contaminants in the EST sequences. The

sequences were clustered and assembled into contigs and

singletons using CAP3 [8] by the server with the criterion

of 80% overlap identity between one end of a default read

to another end.

SSR Identification for the Assembled ESTs

Potential SSRs were detected in the assembled ESTs using

SSR Identification Tool (SSRIT) [9]. The parameters for

search of SSRs were maximum motif length of ten base

pairs and at least five repeats of SSR motifs. The sequences

were put as FASTA format into the software. The number

of repeats along with their frequency was recorded from

the SSR motifs obtained as output of SSRIT.

Primer Designing

Software PRIMER3 (www.frodo.wimit.edu/primer3) [10]

was used for designing of SSR primers from EST-SSRs.

The parameters for primer designing were as follows:

primer size—20–22 bps, primer Tm—57–60 �C, GC con-

tent—40–61% and optimum primer Tm between 57 and
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60 �C. The designed primer pairs were synthesized by

Eurofins mwg/operon (Eurofins Genomics, Bangalore,

India). 15 primer pairs were custom synthesized and were

validated for their ability for amplification on a set of 37

walnut genotypes.

BLASTX Analysis

Putative functions of Juglans regia L. EST–SSRs were

identified by comparing the EST-SSR sequences with

UniProt database (http://www.uniprot.org/) using BLASTX

tool. E value of\1E-5 was assumed as a significant cri-

terion of homology.

PCR Amplifications and Gel Electrophoresis

PCR protocol was standardized for carrying out the

amplification using EST-SSR primers. A mixture of 20 ll
for PCR-SSR analysis was prepared using 10X PCR buffer,

2 mM MgCl2, 1 mM dNTPs, 0.3 lM each primer (forward

and reverse), 0.3 U/ll Taq DNA Polymerase, 50 ng tem-

plate DNA following a thermal profile as: 5 min of initial

denaturation at 95 �C followed by 40 cycles of 1 min

denaturation at 94 �C, annealing varied with Tm of each

primer for 1 min and extension of 2 min at 72 �C, further
followed by final extension of 5 min at 72 �C. The

amplified DNA was mixed thoroughly with 6X loading dye

(0.25% bromophenol blue, 40% sucrose) and then elec-

trophoresed in 2% agarose gel in 1X TAE buffer (40 mM

Tris–acetate, 1.0 mM EDTA). The gel was run at constant

voltage at the rate of 5 V/cm for about 3 h. Ethidium

bromide at rate of 0.5 lg/ml was incorporated in the gel.

Data Analysis

Primers which gave polymorphism with walnut (Juglans

regia L.) genotypes were screened out. Genetic diversity,

defined as polymorphism information content (PIC) [11],

was used to measure allelic diversity at each SSR locus.

PIC values were calculated as follows:

PIC ¼ 1� Rpi2

where pi was the frequency of the ith allele in the set of

genotypes analyzed. Then the percentage of polymorphism

were calculated. Binary code i.e. 0 and 1 was used to show

the absence and presence of bands, respectively. Jaccard’s

similarity coefficient matrix was obtained through

NTSYSpc Version 2.02h software. Dendrograms were

created for the results obtained and compared for the effi-

ciency of generation of polymorphism by EST-SSRs.

Results and Discussion

Data Mining for dbEST-SSRs by Using

EGassembler

Out of the 2000 ESTs, 85 contigs were assembled and 1584

singletons were recorded which showed no overlap with

any ESTs. The whole dataset was reduced to 1669

sequences after assembly showing 16.55% of data redun-

dancy as shown in Table 1. Similarly 2000 EST sequences

Table 1 Results of EST sequence assembly

Total number of EST sequences Number of singletons Number of contigs % Reduction assembled sequences

in redundancy

2000 1584 85 16.55

Table 2 Distribution of repeat motifs

Sr no. Repeat motif Number Frequency (%)

Dinucleotide repeats

1. AG/GA 31 33.33

2. CT/TC 42 45.16

3. GT/TG 4 4.30

4. AT/TA 15 16.12

5. AC 1 1.07

Total 93

Trinucleotide repeats

6. GAT/TGA 3 8.33

7. ACT/ATC 2 5.55

8. GAC/ACG/GCA 7 19.44

9. AGG/GAG 2 5.55

10. GGT 1 2.77

11. TTC/CTT/TCT 4 11.11

12. CGC 1 2.77

13. CCT 9 25.00

14. GGC 1 2.77

15. AGG/GAA 3 8.33

16. CAC 1 2.77

17. ACA 1 2.77

18. CTG 1 2.77

Total 36

Hexanucleotide repeats

19. CCAACA 1 33.33

20. CTGGAG 1 33.33

21. TCTGTA 1 33.33

Total 3
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of Prunus persica were obtained from NCBI website (

www.ncbi.nih.gov/nucest) by Kaur et al. [12].

Use of SSR Identification Tool (SSRIT)

SSRIT search was carried out for contig and singleton data,

which resulted in the detection of 139 SSRs, out of which 3

EST-SSRs were reported by contigs and rest 95 were from

singletons. Analysis of the detected SSRs revealed that all

of them represented di-, tri- and hexanucleotide repeats. It

was found that dinucleotide SSR is the dominant repeat

type (70.45%) followed by trinucleotide (27.27%) and

hexanucleotide were less frequent (2.27%) shown in

Table 2. Similarily, the SSRIT was used by Kaur et al. [12]

for Prunus persica and in Malus by Vaidya et al. [13]

(Tables 2, 3).

Primer Designing

Ninety-eight primers were designed using PRIMER3

software out of which fifteen were custom synthesized and

used for further studies enlisted in Table 4. Similarily,

primers were designed by Zhang et al. [14] in Juglans

regia.

Table 3 Frequency of SSRs

SSR type Total number Frequency (%)

Dinucleotide 93 70.45

Trinucleotide 36 27.27

Hexanucleotide 3 2.27

Total = 132

Table 4 List of EST-SSR markers designed

S. no. Primer ID Sequence Length (bp) Tm GC

1. Contig15 F: CTCCTTCGCCTCTCCTTCAT

R: TCGTTCATACTGCAGAGCCA

20

20

58.88

59.11

55.00

50.00

2. Contig57 F: GGGCATACACCAACAATCACA

R: GCTCTTCCTAAGTCTGCTGC

21

20

58.35

58.83

47.62

55.00

3. Contig66 F: ACAATTCCACACAGATGCCC

R: CAAGTGCGGCAACTGTGAC

20

19

58.45

60.01

50.00

57.89

4. gi|241912081| F: AGGCTCAGTCTCTCAGCAAA

R: TCTCCTGGTAGACTGAGGCT

20

20

58.65

59.00

50.00

55.00

5. gi|52127497| F: ACGAGGATGTGCTTGCTAGT

R: ACTTGCCAAATGAATGCGGT

20

20

59.10

59.03

50.00

45.00

6. gi|52127493| F: CGGAGTTAGCCTTGTTGACG

R: GAGAGAGAGAGAGGGCGAAC

20

20

58.93

58.98

55.00

60.00

7. gi|52127412| F: CCGTATGCATCTGTAGTCGC

R: CGTGATTCCTACGGACGAGA

20

20

58.59

58.99

55.00

55.00

8. gi|52127397| F: CGAGGGGAGCTGCTATCAAT

R: AGCCCACTCTCTCTCTCAGA

20

20

59.32

59.00

55.00

55.00

9. gi|52127390| F: CCCGGTTTTCTCATTCTCGC

R: CTCGATCTTCCGGTTTGCTG

20

20

59.27

59.00

55.00

55.00

10. gi|52127376| F: GATACGGATCTTGTCGGCAC

R: AGAGAAGAGAGAAGCCTGCG

20

20

58.51

59.18

55.00

55.00

11. gi|52127371| F: TCAACTTCCTCTGAGCTGCA

R: GAGAGAGAATGGCGACCCTT

20

20

58.95

59.17

50.00

55.00

12. gi|52127327| F: ACCTTGTCCTGCTCCTTCTC

R: GATGTCGGGTGTACAGGGAA

20

20

59.02

59.10

55.00

55.00

13. gi|52127314| F: AACAGCCCAACAACAACCAG

R: CTCCTCTACGAGCGACTGAG

20

20

59.18

59.07

50.00

60.00

14. gi|52127310| F: CGAGAGAGGGACAGCTTCTT

R: CCCAGAGAAGCGTGAGATCT

20

20

58.82

58.89

55.00

55.00

15. gi|52127274| F: GAAACCAAACCCCAGAAGCC

R: TTTCTTGCGGGATTTGAGGG

20

20

59.32

58.46

55.00

50.00
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Table 5 Results of BLAST X

Serial no. Crop name Protein name E value Indent. (%)

1 Juglans regia C5H617_9ROSI—Non-specific lipid-transfer protein 9.3e-78 100.0

2 Gossypium raimondii A0A0D2RWD4_GOSRA—Uncharacterized protein 4.2e-54 82.1

3 Vitis vinifera D7T852_VITVI—Putative uncharacterized protein 1.9e-25 65.9

4 Cajanus cajan A0A151U0U5_CAJCA—Putative WRKY transcription factor 1.3e-63 74.1

5 Juglans nigra Q7Y1C2_JUGNI—2S albumin seed storage protein 6.1e-104 93.7

6 Prunus persica M5XZ63_PRUPE—Uncharacterized protein 3.1e-157 91.5

7 Juglans regia M9WSH6_9ROSI—LEA protein 1.4e-81 81.1

8 Glycine max A0A0R0IGM1_SOYBN—Uncharacterized protein 1.8e-148 80.0

9 Paulownia sp. B8Q219_9LAMI—UDP-glucose pyrophosphorylase 6.7e-107 88.1

10 Prunus persica M5W6S3_PRUPE—Uncharacterized protein 8.7e-46 90.4

11 Eucalyptus grandis A0A059B7W7_EUCGR—Annexin 6.1e-160 83.0

12 Phaseolus vulgaris V7BVR5_PHAVU—Uncharacterized protein 2.4e-24 65.9

13 Vitis vinifera D7SKV6_VITVI—Putative uncharacterized protein 6.7e-49 86.5

14 Theobroma cacao A0A061FWX1_THECC—DNAJ 2.8e-170 96.3

15 Glycine soja A0A0B2Q7X8_GLYSO—RNA-binding protein 38 4.3e-49 76.8

16 Eucalyptus grandis A0A059CZK1_EUCGR—Uncharacterized protein 3.2e-122 90.5

17 Vitis vinifera F6I0E6_VITVI—Putative uncharacterized protein 3e-32 51.9

18 Prunus persica M5WRH6_PRUPE—Uncharacterized protein 8.6e-56 83.7

19 Eutypa lata M7SV96_EUTLA—Putative brix domain-containing protein 4.5e-2 33.8

20 Aphanomyces astaci W4F991_9STRA—Uncharacterized protein 8.8e-4 30.0

21 Gossypium raimondii A0A0D2RIR2_GOSRA—Uncharacterized protein 1.8e-17 50.5

22 Zea mays C4J2D5_MAIZE—Uncharacterized protein 3.7e-5 63.2

23 Prunus persica M5WP74_PRUPE—Uncharacterized protein 1.8e-45 70.4

24 Dehalococcoidia bacterium A0A0S7WGZ8_9CHLR—Uncharacterized protein 6e0 36.9

25 Theobroma cacao A0A061FEI0_THECC—Uncharacterized protein 4e-93 69.5

26 Theobroma cacao A0A061FEI0_THECC—Uncharacterized protein 4e-93 69.5

27 Eucalyptus grandis A0A059BRK5_EUCGR—Uncharacterized protein 2.1e-101 78.8

28 Citrus clementina V4TK97_9ROSI—Bidirectional sugar transporter SWE 1.7e-111 72.9

29 Gossypium raimondii A0A0D2VAT5_GOSRA—Uncharacterized protein 6.4e-81 60.3

30 Gossypium raimondii A0A0D2VAT5_GOSRA—Uncharacterized protein 6.4e-81 60.3

31 Populus glandulosa A7L2U1_9ROSI—Dehydrin 2.6e-31 57.4

32 Ricinus communis B9SBY6_RICCO—Apolipoprotein d, putative 3.6e-117 86.6

33 Setaria italica K3XZL8_SETIT—Uncharacterized protein 4.9e-90 97.9

34 Vitis vinifera D7TXR6_VITVI—Nascent polypeptide-associated comparative protein 1.1e-85 83.6

35 Gemmatimonas sp. A0A0S8B0R6_9BACT—Uncharacterized protein 1.1e-2 37.3

36 Theobroma cacao A0A061EZC1_THECC—Iron-sulfur cluster assembly protein 6.2e-86 79.5

37 Citrus sinensis A0A067DGF8_CITSI—Uncharacterized protein 6.6e-140 95.5

38 Vitis vinifera D7SKC8_VITVI—Putative uncharacterized protein 8.6e-14 53.7

39 Jatropha curcas A0A067L7T6_JATCU—Uncharacterized protein 1.8e-31 68.0

40 Prunus persica M5VKY3_PRUPE—Uncharacterized protein 2.7e-66 85.4

41 Vitis vinifera F6H7D2_VITVI—Putative uncharacterized protein 1.8e-95 74.9

42 Vitis vinifera F6H7D2_VITVI—Putative uncharacterized protein 1.8e-95 74.9

43 Prunus persica M5XM31_PRUPE—Uncharacterized protein 1.6e-85 80.2

44 Cajanus cajan A0A151RZ15_CAJCA—HMG1/2-like protein 3.6e-68 80.9

45 Prunus persica M5WB02_PRUPE—Uncharacterized protein 3e-68 87.4

46 Prunus persica M5WB02_PRUPE—Uncharacterized protein 3e-68 87.4

47 Vitis yeshanensis G4XR59_9ROSI—Dehydrin 2 3.7e-30 71.1

48 Vitis yeshanensis G4XR59_9ROSI—Dehydrin 2 3.7e-30 71.1

49 Populus trichocarpa A9PE28_POPTR—Translation initiation factor eIF-1 protein 3.6e-97 96.6

50 Juglans regia Q2TPW5_9ROSI—Seed storage protein 5.5e-157 99.6

51 Camellia oleifera Q1G353_9ERIC—OleI 2.6e-53 64.1

52 Prunus persica M5X048_PRUPE—Uncharacterized protein 5.4e-113 70.1

53 Vitis vinifera D7SKV6_VITVI—Putative uncharacterized protein 1.2e-48 86.5
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Sequence Identification by Using BLASTX Analysis

For ninety-eight custom synthesized primers, annotation

was performed. Based on this analysis, a putative function

could be assigned to 98 of the potential EST-SSR markers

(95 singletons and 3 contigs) assuming a threshold value of

\ 1E-5. The annotation results indicated that 98 EST-

SSR sequences showed highest homology with Juglans

regia and lowest homology with Aphanomyces astaci.

Similarly, BLASTX software was used by Zhang et al. [14]

for the development of Juglans regia SSR Markers by Data

Mining of the EST Database (Table 5).

Table 5 continued

Serial no. Crop name Protein name E value Indent. (%)

54 Vitis vinifera A5BVB2_VITVI—Putative uncharacterized protein 6.8e-106 75.6

55 Cajanus cajan Putative UDP-N-acetylglucosamine pyrophosphorylase 2.3e-127 87.2

56 Jatropha curcas A0A067JNM1_JATCU—Uncharacterized protein 2.8e-51 89.4

57 Theobroma cacao Zn-dependent exopeptidases superfamily protein 2.1e-22 71.8

58 Ricinus communis Putative uncharacterized protein 2.5e-80 64.6

59 Jatropha curcas A0A067LKD9_JATCU—Uncharacterized protein 1.9e-64 60.8

60 Cucumis sativus A0A0A0LIV1_CUCSA—Uncharacterized protein 1.2e-17 87.8

61 Cucumis sativus A0A0A0LIV1_CUCSA—Uncharacterized protein 1.2e-17 87.8

62 Jatropha curcas A0A067L854_JATCU—60S ribosomal protein L6 2.2e-83 80.3

63 Solanum lycopersicum K4CXH8_SOLLC—Uncharacterized protein 3.3e-36 95.5

64 Cajanus cajan A0A151T4H7_CAJCA—UPF0326 protein At4g17486 family 1.6e-102 92.9

65 Oryctolagus cuniculus G1SNF3_RABIT—Trichohyalin 1.7e-1 38.2

66 Citrus sinensis A0A067HDM6_CITSI—Uncharacterized protein 1.6e-119 80.6

67 Theobroma cacao A0A061EZC1_THECC—Iron-sulfur cluster assembly protein 5.4e-86 80.1

68 Citrus sinensis A0A067GCC0_CITSI—Uncharacterized protein 1.3e-86 75.1

69 Ricinus communis B9TAP0_RICCO—Peroxisomal targeting signal type 1 8.3e-41 61.1

70 Eucalyptus grandis A0A059A5T1_EUCGR—Uncharacterized protein 1.7e-103 87.6

71 Vitis vinifera D7UE56_VITVI—Putative uncharacterized protein 2.4e-19 91.3

72 Ricinus communis B9TAP0_RICCO—Peroxisomal targeting signal type 1 8.3e-41 61.1

73 Eucalyptus grandis A0A059A5T1_EUCGR—Uncharacterized protein 1.7e-103 87.6

74 Vitis vinifera D7UE56_VITVI—Putative uncharacterized protein 2.4e-19 91.3

75 Populus trichocarpa A9PET6_POPTR—Phytanoyl-CoA dioxygenase family protein 1.9e-93 87.8

76 Jatropha curcas A0A067L6R5_JATCU—Uncharacterized protein 9e-113 74.7

77 Citrus sinensis A0A067GG57_CITSI—Uncharacterized protein 2e-150 85.3

78 Vitis vinifera D7TBK3_VITVI—Putative uncharacterized protein 5e-120 77.6

79 Populus trichocarpa B9H0J0_POPTR—40S ribosomal protein S19 7.9e-90 91.6

80 Phaseolus vulgaris V7AV62_PHAVU—Uncharacterized protein 2.7e-9 90.3

81 Populus davidiana A7L2T8_9ROSI—Dehydrin 3.1e-35 52.0

82 Prunus persica M5W745_PRUPE—Uncharacterized protein 5.9e-131 86.1

83 Morus notabilis W9RZ88_9ROSA—Protein MOS2 1.2e-49 56.5

84 Eucalyptus grandis A0A059AFL7_EUCGR—Uncharacterized protein 2.2e-127 76.7

85 Glycine max K7M9J2_SOYBN—Histone H4 4.9e-66 91.3

86 Coffea canephora A0A068VD91_COFCA—Uncharacterized protein 2.1e-81 82.3

87 Arundo donax A0A0A9NGJ0_ARUDO—GSVIVT00009009001 1.6e-22 95.7

88 Eucalyptus grandis A0A059A8V5_EUCGR—Uncharacterized protein 5e-86 92.8

89 Cucumis sativus A0A0A0LJJ0_CUCSA—Uncharacterized protein 6.2e-86 93.3

90 Oryza meridionalis A0A0E0ESM9_9ORYZ—Uncharacterized protein 6.8e0 30.7

91 Morus notabilis W9QTG1_9ROSA—UPF0051 protein ABCI8 1.5e-110 70.7

92 Vitis vinifera F6HIC6_VITVI—Putative uncharacterized protein 5.8e-120 68.8

93 Vitis vinifera F6HIC6_VITVI—Putative uncharacterized protein 5.8e-120 68.8

94 Cucumis sativus A0A0A0KBY3_CUCSA—Uncharacterized protein 1.8e-52 81.3

95 Gossypium raimondii A0A0D2TXA5_GOSRA—Uncharacterized protein 1.2e-126 92.3

96 Vitis vinifera D7TBK3_VITVI—Putative uncharacterized protein 4.3e-138 78.6

97 Eucalyptus grandis A0A059B672_EUCGR—Uncharacterized protein 6.3e-12 47.1

98 Aphanomyces astaci W4F991_9STRA—Uncharacterized protein 9.4e-4 30.0

272 S. Shailja et al.

123



Marker Validation by PCR Amplification

The 15 primer pairs were used to study genetic polymor-

phism in a set of 37 walnut genotypes. Total 7 primers

were amplified out of which only, 6 being polymorphic and

one is monomorphic. The rest 8 primers were not ampli-

fied. PIC values were calculated for all the polymorphic

primers. The PIC was found to range from 0.23 to 0.57

(Fig. 1). Jaccard’s similarity matrix coefficient was

obtained through NTSYSpc. The similarity coefficient

values ranged from 0.53 to 1.00. The generated dendro-

gram revealed a wide genetic base of the walnut

germplasms collection studied. The dendrogram generated

for EST-SSR markers divided the genotypes into two main

clusters A and B (Fig. 2). Group A could be further clas-

sified into subgroup A1 and A2. Subgroup A1 was com-

prised of ‘AKSU#71’, ‘GOBIND’, ‘PHAGLI-UP (SOLI)’,

‘CHICO’, ‘MEYLANNAISE’, ‘INDER AKHROT 1’,

‘PARSIENNE’, ‘NETAR AKHROAT 1’, ‘ZHANG LIN

#3’, ‘BLACKMORE’, ‘CHAMBA SELECTION- 60’,

‘XIN ZHENG ZHU’, ‘AKSU#417’, ‘JOGINDER

SELECTION-2’, ‘SCHARSCH FRANQUETTE’,

‘ROOPA AKHROT 1’, ‘JAUNAJI SELECTION-12’,

‘CHAMBA SELECTION-20’, ‘JOGINDER NAGAR

Fig. 1 An example of an SSR banding pattern obtained from primer 4 in

37 genotypes of walnut L = DNA ladder 1 kb, 1 = AKSU#71, 2 =

MEYLAINNAISE, 3 = ZHANG LIN#3, 4 = XIN ZAD FEN, 5 =

PARSIENNE, 6 = PLACENTIA, 7 = SHINREI, 8 = AKSU#417, 9 =

CHICO, 10 = CHAMBA SELECTION-60, 11 = DAULAT RAM

SELECTION, 12 = SCHARSCH FRANQUETTE, 13 = JAUNAJI

SELECTION-12, 14 = HOWARD, 15 = XIN ZHANG ZHU, 16 =

JOGINDERNAGAR SELECTION-39, 17 = JOGINDER SELECTION-

2, 18 = PLANT NO. 46, 19 = RONDE DE MONTIGNAC, 20 =

BLACKMORE, 21 = CHAMBA SELECTION-20, 22 = JOGINDER

NAGARSELECTION-61, 23=NETARAKHROT,24=(PHAGLI-UP)-

CHEYAMMA, 25 = SOLDINGSELECTION, 26 = INDERAKHROT1,

27 =ROOPAAKHROT1, 28 =HARTLEY, 29 =GOBIND, 30 = INDER

AKHROT, 31 = RATTAN AKHROT, 32 = NETAR AKHROT, 33 =

INDER AKHROT, 34 = LUXMI AKHROT, 35 = PHAGLI-UP (SOLI),

36 = ROOPA AKHROT 2, 37 = LAKE ENGLISH

Fig. 2 UPGMA dendrogram showing clustering pattern of walnut accessions
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SELECTION-61’, ‘XIN ZAD FEN’, ‘PLACENTIA’,

‘SHINREI’, ‘HOWARD’, ‘(PHAGLI-UP)-CHEYAMMA’,

‘SOLDING SELECTION’, ‘ROOPA AKHROT 2’,

‘INDER AKHROT 3’, ‘RATAN AKHROT’, ‘NETAR

AKHROT 2’, ‘LUXMI AKHROT’, ‘HARTLEY’, ‘DAU-

LAT RAM SELECTION’, ‘RONDE DE MONTIGNAC’,

‘JOGINDER NAGAR SELECTION-39’, and ‘PLANT

NO.-46’. Subgroup A2 was found to contain only one

genotype, i.e. ‘INDER AKHROT’ and Group B was also

found to contain only one genotype, i.e. ‘LAKE ENG-

LISH’. Similarly, Ahmad [15] reported that the similarity

coefficient values ranged from 0.28 to 1.00.

Inspite of extensive variation prevalent in the native

walnut germplasm, there has been no systemic work on

genetic characterization of indigenous and exotic germ-

plasm of walnut in India. Proposed work on genetic char-

acterization of walnut germplasm using EST-SSR markers

will facilitate their use as identified genetic stocks in future

breeding programmes. Accurate estimation, of distances

between different genotypes of the germplasm, can provide

useful data to breeders for optimizing sampling strategies

in walnut cultivars which can be used in crop improvement

programmes. But because of limited number of EST

sequences available at NCBI website, the number of pri-

mers available is also less which prevents the applicability

of this technology. Thus it is the need of the hour to

develop more sequences and let them available publicly,

so that molecular marker work can be employed at large

scale.

Conclusion

The present study attempts to ascertain the frequency and

distribution of SSRs in the walnut EST database and

develops those EST-SSRs for use in genetic studies. The

authors demonstrated the utility of computational approa-

ches for mining SSRs from ever increasing repertoire of

publicly available plant EST sequences present in different

data-bases. The resulting EST-SSR set is a valuable tool for

further genetic and genomic applications. The developed

98 EST-SSR markers have a high rate of PCR amplifica-

tion and can be used in walnut breeding and genetic

studies. The use of these markers would reduce the cost and

therefore facilitate cultivar identification, genetic distance

assessments, gene mapping and possible marker-assisted

selection (MAS). The functional categorization of these

markers corresponded to many genes with biological, cel-

lular and molecular functions, thus providing an opportu-

nity to investigate the consequences of SSR

polymorphisms on gene function.
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