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Abstract: [Objective] In the distribution areas of walnut (Juglans regia L.) in Central Asia, research-
ers in different countries have studied the genetic diversity of walnut in their own countries. However,
there have been few studies on the germplasm of walnut in several regions, especially the related stud-
ies between Xinjiang and many other countries in Central Asia. In this study, genetic diversity and popu-
lation genetic structure of 137 walnut germplasm resources collected from four regions of Ili, Kashgar,
Hotan and Aksu and six regions of Kyrgyzstan and Tajikistan were analyzed by SSR (Simple Sequence
Repeat) molecular markers. The genetic diversity and genetic relationships of walnut germplasm in six re-
gions of Xinjiang and Central Asia were explored at the molecular level, in order to provide material ref-

erences for further revealing the origin of walnut in the Central Asian ecology-region. [Methods] 137
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accessions of walnut germplasm resources were collected a in six areas with individual random sam-
pling, including 19 of Kashgar region, 15 of Aksu area, Hotan region in 21, 31 of Ili region, 37 of Kyr-
gyzstan, 13 of Tajikistan. The fresh walnut leaves collected were wiped clean and immediately put into
the self-sealed bag containing silica gel for preservation. The DNA of each material was extracted by
Plant Genomic DNA Extraction Kit (Tiangen Company). After testing the quality and concentration of
DNA,30 accessions of randomly selected walnut germplasms were used to construct the six group’s ge-
nomic DNA mixed gene pool, using published 64 SSR primers .The PCR products were detected by 1%
agarose gel electrophoresis, and the bright and clear primers were screened and amplified. The 14 pairs
of primers screened were used for PCR amplification of all the test materials. PCR products were sepa-
rated with 6% non- denatured polyacrylamide gel electrophoresis. The bands were detected by silver
staining. The amplification of each primer in each individual was counted. Genetic diversity indices in-
cluding the number of alleles (Na), the number of effective alleles (Ne), Shannon's information index (/)
and allele frequency were calculated by Popgene32 software, and the genetic structure indices were cal-
culated. The results included genetic differentiation coefficient (Gst), gene flow between populations
(Nm), Nei’ s standard genetic distance (GD) and genetic consistency (GI). Clustering analysis of 137
walnut germplasm was carried out using NTSYS- PC2.10 program and the map was made.[Results] A
total of 130 alleles were detected by 14 pairs of SSR primers, with the range of variation ranging from 6
to 13. An average of 9.285 7 alleles could be detected by each pair of SSR primers. The percentage of
14 SSR loci ranged from 0.625 7 to 0.865 1, with an average of 0.763 4. The average Shannon's diversi-
ty index (/) was 0.459 8. The mean value of total genetic diversity (Ht) was 3.248 1. The mean value of
gene diversity (Hs) within the population was 2.108 9; The genetic differentiation index (Gst) between
populations ranged from 0.057 8 to 0.406 8, with an average of 0.259 5. The mean value of gene flow
(Nm) was 3.017 4; All allele frequencies were not uniformly distributed. UPGMA clustering results
showed that 137 samples were divided into three groups when the genetic similarity coefficient was
0.75. The first group consisted of 42 samples, including 16 samples from Aksu, 21 samples from Hotan
and 5 samples from Kyrgyzstan. The second group contained 44 accessions, including 12 samples from
Ili and 32 samples from Kyrgyzstan. The third group contained 51 samples, including 19 samples from
Kashgar, 13 samples from Tajikistan and 19 samples from Ili. To a certain extent, the clustering results
indicated the distance of the genetic relationship among the populations, and the overall distribution
were related to the geographical distribution, and there was a certain gene exchange among the different
regions. The analysis results of genetic distance and genetic consistency were consistent with the tree
cluster diagram constructed by UPGMA method based on genetic distance frequency. [Conclusion] 14
pairs of SSR primers with clear bands and strong polymorphism in walnut were screened , The genetic
diversity of the six regions detected by SSR markers was high, among walnut germplasm resources
from different geographical distribution in the Central Asian ecological region, and the level of genetic
differentiation among populations was high. The gene exchange among walnut communities was high,
which might be caused by the long-distance dispersal of walnut seeds by human or birds The walnut
germplasm in Ili region would be likely the origin of walnut in Central Asia..
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2. 14X SSR 51 W%t 137 13 A% Ak ot it 9% YA b 1447
I3, MR R e 2. Bl REIY
WIRO014 7 137 3 -2 Ak B 5T B2 U5 i (R4 3 45 R
2.2 ZHEMREIREE S S

6 I DX 5 (1) A% Bk ot T8 R Bt A 2 1 5 2R L3R
3,14 5%F SSR 5| ¥ FLAG W HH 130 AN 22 (R 7 A, S5 407 55
R (Na) 18 °F ¥ 48 N 9.285 7. i 55 WIR007 5
WC7329 55 fr ik R Hu e /b, 38 6. fr 5 WIR11S,
JR6160 55 TH86514 257 SE KA £ , M 13. H R
S BE R (Ne) B384 7.098 1. 7 5L WCT7329
AT R E /D, N 4.047 1. 7 £ THS6514
RN I B %, N 9.580 1. ZAPENL A L ELE
90.625 7~0.865 1, -¥J{E 9 0.763 4. *F*33) Shan-
non’s ZHEMETREL(D 7 0.459 8. FhEEEFEN 2 e
(HO VA 9 3.248 15 MBE N ZE R 2 A6 (Hs) 1)

B4 2.108 95 Tt ¥ [] 388 4% 2340 $5 B (Gso) Y6 [ Ry
0.057 8~0.406 8, “F-¥J{H 4 0.259 5; % K it (Nm) ~F
YIE N3.017 4,

HH 3R 4 ] 1, A5 A7 5k DRI A 56 AR 3 AT A 3
5. Hi, WIR007 ) B C D 257 Jk R R s, 1
KT 0200 0. B IM61666 - Bk C 25 4 3 R 45 R
Ak, IC5411  WIR115.WIR041 T8 B 2547 3t K]
i E &, WIR265. WC7329. JR6160. WIR065 -
WIRO014 = 04 D %5 i & K 3 2% = , WIR031,
JH89978 . JR4616 JH86514 = H Ay T %5 i i [K] 4 %
151 AR S R AR O A
2.3 kMR TEIRR LS

HEHE 14 X SSR 51 M4 G ¥ 4E gi vk 45 %, FIH
NTSYS ¥, K Fl UPGMA i 5 2515 B 1% bk 55 20
R CE 2D, FEFHAL R 0N 0.75 B AT %I 43 24 3 428

R2 THEHA 14 W5IMFTIREERRARE

Table 2 Sequences and proper annealing temperatures of 14 selected primer pairs

GIRVER S S 41(57-37) IV E I IR
Primer name Primer Sequence(5’to 37) Primer length/bp Repeat motif Annealing temperature/ C
JC5411-F AAGCTGTTTGTGCCAAAAGC 300-315 (GAT), 55
JC5411-R TTCTAGCGAGAATTCCGGCC

WIJR007-F AATGCATGACATGGTGGTCA 228 (AT)n 58
WIR007-R GTATGAAACAATCATTTTCACTCAA

WIR265-F TGGCTATTGCAAAATCAGGTC 268 (AAT)n 56
WIR265-R CAAAAGCATGTAGGTCGGGT

JC7329-F TGCAGCGCATCAGTGAGTTA 330-363 (TGA)s 55
JC7329-R ACGCTCGAGTGTAGTAGCAAG

WIRI115-F CTCACCCTTGTAGAGCGAGG 102 (GA)n 57
WIJR115-R TGCAAACTCAGTGCTAAAATCAA

JR6160-F ACTTCAGGTTCCCAACGCAA 180-217 (GA)n 58
JR6160-R TAGAGGGAAGGTCTCCGGTG

WIR065-F CAGCCATTCGAGTTAAGACTTG 102 (GATGA)n 56
WIR065-R TTCGATTAAGAGCTCGTTTGG

WIRO014-F ACATGATGAGTAGGGCAGGG 236 (TA)n 57
WIJR014-R GCTTATTGATCAAGATTGGACG

WIJRO031-F AGCTTCCCCCATTCTCCTAA 225 (TA)n 58
WIR031-R GGACCTCCACAACCAAAAGA

JH89978-F ACCTTCCCTGCTCCTCTCTT 190-201 (GGT)s 55
JH89978-R GAGCCTTGTGGAAGCAAACG

WIJR041-F ATCTGCCTTCCCATAAGGCT 161 (ATAC)s 60
WIR041-R TTCTCCCATTGTCGGATCTC

JR4616-F AGCCCTTTTGCATCGGCTAT 160-180 (AGAC)s 55
JR4616-R AGCTGACCGATCGATCAACA

JH86514-F CGTTACGTCGGGAGGATGAG 132-162 (TTAGGG)6 55
JH86514-R ATTGAGCGACGAAAAGGGGT

IM61666-F AACTGTTGCCGGAGCTTTCT 266-280 (GA) 55

IM61666-R TGGGATAACACCACATGCAGT




11 5 Y1, 5 BT SSRARCHI R WA 2 X W%tk (Juglans regia L) i5HE 2 FEVE SFEESE R 50 BT 1863

M K1 K2 K3 K4 KS5K6 K7 K8 K9KI0OKIIKI2KI3 K14 KI5KI16 K17 K18 K19 A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 All A12A13 Al4 Al5 Al6 HI

Y17 Y18 YI9Y20 M Y21 Y22Y23 Y24 Y25Y26 Y27 Y28 Y29 Y30 Y31 J1 J2 J3 J4 J5 J6 J7 J8 J9 JI10 JI11 J12 J13 J14 J1SJ16 J17 J18

M. Marker; B. & H. f'5HE 1.
M. Marker; B. Blank. The codes are the same as in Table 1.

Bl 1 314 WIR014 By¥ 1845 R
Fig. 1 DNA fragments amplified by primer WJR014 in J. regia

#3 XA MXERIGMER S S

Table 3 Genetic diversity of J. regia in six regions

oo RCGEAL - AT el 2 FCRE PN 2 RPEE 1] [ 545 ;
EXDRT5S ; ATEAL : . N . . B
SRR epgy o PORONSR e mern mzem kiR S
5|45 Detected . Percent of s . R . . Gene
. Eftective . Shannon’s- Total genetic ~ Genetic diversity The index of genetic
primer name  alleles polymorphic . . ; s . . flow,
number, Na number bands/% index,/ diversity of the within the differentiation between N
of alleles, Ne population, H¢ population, Hs populations , Gst

JC5411 7 43796 0.6257 0.278 1 1.184 8 1.075 6 0.057 8 14.789 9
WIR007 6 5.063 7 0.844 0 0.5509 22504 1.2412 0.406 8 0.924 1
WIR265 9 6.843 0 0.760 3 0.4752 2.766 6 22613 0.172 4 3.640 8
WC7329 6 4.047 1 0.674 5 03222 1.314 8 0.683 4 0.274 2 15.263 5
WIRI115 13 9.5122 0.7317 0.437 4 38134 3.067 9 0.1577 6.5153
JR6160 13 9.492 2 0.730 2 0.4218 3.7318 2.6715 0.2333 3.0187
WIJR065 8 6.467 7 0.808 5 0.512 4 2.604 5 1.747 6 0.297 1 2.0711
WIJR014 7 52154 0.745 1 0.459 7 2.044 3 1.1622 0.3387 1.146 6
WIJR031 9 7.3011 0.8112 0.5162 3.0390 1.799 0 0.3352 2.899 6
JH89978 10 7.740 0 0.774 0 0.469 8 3.196 1 2.058 4 0.286 5 8.190 3
WIJR041 8 6.3253 0.790 7 0.5145 27510 2.134 4 0.2305 2.286 6
JR4616 11 9.5156 0.865 1 0.5855 43146 2.6255 0.399 4 0.979 8
JH86514 13 9.580 1 0.736 9 0.407 1 3.4989 2.268 1 0.224 7 7.7176
IM61666 10 7.890 6 0.789 1 0.486 4 3.248 1 2.1089 02822 3.0174

P¥JfH Mean  9.2857 7.098 1 0.763 4 0.459 8 2.8399 1.9218 0.2595 5.1758
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Table 4 Overall allele frequency of J. regia in six regions

stefir $L | BLsT Locus

Allele

JC5411 WIR007 WIR265 WC7329 WIJRI115 JR6160 WJR065 WJR014 WJR031 JH89978 WIR041 JR4616 JH86514 IM61666

>

0.1221 0.029 4
0.4942 0.226 5
0.004 8 0.259 4
0.1116 0.263 5
0.1987 0.172 8
0.063 7 0.048 4
0.004 8

0.0870
0.0652
0.1452
0273 8
0.128 1
0.114 9
0.156 4
0.0147

0.029 6
0.197 6
02212
0.544 6
0.003 4
0.003 4

0.006 3
0.2116
0.176 8
0.0417
0.058 1
0.064 4
0.1515
0.046 2

0.1071 0.1530
0.1284 0.2330
0.143 8 0.0970
02025 0.152'1
0.1870 0.2398
0.078 9 0.089 7
0.0252 0.007 8
0.0184 0.027 5

0.171 3
02172
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Table 5 The genetic identity and genetic distance of 137 walnut in Central Asia

- 5] 5 58 ] 35y 582 5] 7 5 Bt 3 R A A o
X i E A PEEEA  TEEAE R ERECE o e
Regi Kashgar, Xinjiang, Aksu, Xinjiang, Hotan, Xinjiang, 1li, Xinjiang, K ¢ Taiikist

cgton China China China China yrgyzstan Atastan

Hp SR AT 0.8213 0.7915 0.9419 0.8357 0.9316
Kashgar, Xinjiang, China
Hp LT SRR e 0.196 9 0.959 5 0.880 5 0.867 9 0.766 5
Aksu, Xinjiang, China
Hh LT SR AN 0.233 8 0.041 3 0.856 8 0.844 9 0.740 5
Hotan, Xinjiang, China
Hh BT g AR A 0.059 9 0.1273 0.154 6 0.9316 0.884 2
1li, Xinjiang, China
FHORE Wi 0.179 5 0.1417 0.168 5 0.070 9 0.802 9
Kyrgyzstan
W il 0.070 8 0.2659 0.300 5 0.123 1 02195
Tajikistan

T AT EOv AR — B, A N AR .

Note: The upper right represent genetic identity and the lower left is genetic distance.
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