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Genetic Diversity Analysis and Core Collection Construction of
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Abstract: Genetic diversity of 1061 walnut germplasm from 14 prefectures and cities of Yunnan Province
was analyzed by SSR molecular marker technique. On the basis of this, a core collection was constructed
through least distance stepwise sampling ( LDSS ) and tested for its diversity. The results showed that 322 alleles
were detected by 19 pairs of SSR primers ( on average 16.95 per pair of SSR primer ). The means of Shannon’s
information index (/) , expected heterozygosity ( He ) and Nei's gene diversity ( Nei ) were respectively 1.3375,
0.6040 and 0.6043, which indicated a relatively high genetic diversity of the germplasm. The genetic diversity
distributed differently among the 14 prefectures and cities. Diqing Prefecture had the highest genetic diversity
while Lincang had the lowest. Sampling rates of 5%-30% were taken for construction of the primary core
collection, secondary core collection, core collection-1 and core collection-2, on the basis of UPGMA clustering
results. With the genetic diversity analysis and i-test, the core collection-1 with 10.84% sampling rate and 115
samples was determined to be the core collection of walnut germplasm in Yunnan.
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Table 1 Origins and sample sizes of walnut germplasm for

1.1

analysis

s e (A5 ) FEA R K (m)
No. Origin ( code ) Sample size Altitude

1 T (BS) 32 535~3781
2 FEMEM (CX) 50 556~3657
3 KELH (DL ) 86 730~4295
4 I BEM (DQ) 129 1486~6740
5 £L3 N (HH) 41 76~3074
6 EEATT (KM) 25 1500~2800
7 ANV (L) 89 1015~5596
8 Iy IX (LC) 8 450~3504
9 REITIN (NT) 90 738~5128
10 W (PE) 2 376~3306
11 R bIX (QJ) 231 695~4017
12 i (WS) 60 107~2991
13 EEN(YX) 25 1502~2614
14 IREHIX (ZT) 153 267~4040

1.2 W F*E

SSR 73 F Rl i 4o 6 45 X 41 DNA $2 5. 51
Wi vE S B AR R B HEST o AR T VRS 5SSk
[16-18 |, T &k th i) 19 X 225 & Hig e b
U1 SSR 514 (3% 2) HEATAZAFR T 95 I SSR-PCR
P38, 5P RAR AR B ISR [ 19 1.
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1.3 FitothAE

1.3.1 BEZHEMESH X SSR Kl &5 R E 171k
P 4 53 BT R A5 5 DR A B2, T GenALEx 6.5 i ff:
T2 FE [H %L, POPGENE version 1.32 415
G319 AN SO0 T I A 5T 5% 15 DL S 45 R R R
PRI 3L 2 BEPE SR, H: v 4 L8 5 £ S [
55 ( Na_observed number of alleles ) AR A
1 ( Ne, effective number of alleles, ). W 8% 2% & J&
( Ho, observed heterozygosity, ). ] 22 4% & & ( He,
expected heterozygosity, ). Shannon {55 & 48 % (1,
Shannon'’s information index, ). Nei's i# 1% Z #1418
i ( Nei, Nei's gene diversity ),

132 ZOoMRMEREESHEETN H
POPGENE version 1.32 #3155 4% 47 7l J5t % 16 F)
it L 5% (D, genetic distance ) F8t 1% — 2 & (1,
genetic identity ), HRHEE 1L 2512 H NTSYSpe 2.11a
AT A M BT IR ) UPGMA RJE0HT, Mega
6.06 FAFL I RIS E o AU B S 25 HURE
FAG RN EURE 7 32 A A N 2 o (1) BURE LA
MR [ N A ME 22420 Fh BT S i A SR 408 , A% .00 F
T R RN — 8 o SRR AR 1 59%~30% , AT 58 K 4
R JE AR A 30% 2247, 20% 247 10% 2247 il 5%
oA A EURE LU 5388 26 SR A0 W) A% A T ( PC,
primary collection ), YK ¢ #% .0> 1 Jii ( SC, secondary
collection ). #% > Bl Jit -1 ( CC-1, core collection-1)
I O B -2 (CC-2, core collection-2 ), (2) HX

R2 19 XSIMMTIEERRSHEERR

FE 7 30 AR T 0T % R A R 245 R R A R/
% & A HUAE 1 (LDSS, least distance stepwise
sampling ) > ; $R AL R B fe/ NI — N4, B AL
MR 2 DR 2 —, DR B D — AR an R4
AL 2 Oy DA B AR B — AR AT — 8
Rk,

FH ¢ 65 56 S s I g Uk RS T WL W A% O AT, B
PC,SC.CC-1 #l CC-2 HYIERZ4 5 ( He ), Shannon
FRFEE (1) Fl Nei's 1% Z A8 80 ( Nei ), HF
DA BT S8 5 R R M S HOT IR A 0 3% 2=
SR, MR E— A5 IR IR RO 1B 35 25 S %
PR AR Ry A% R [l S SPSS19.0 4K
7 BEAT PC HE MR SC BEMR RN CC HEK Nei's 815 2
FE M 48 %4 ( Nei ). Shannon 15 B 48 %5 (1) i3 22 7%
G BE (He ) 1Y o K 56 DFA A% 0 F 5T 1 388 15 22 FF 1
AR

2 HRESW

2.1 mEEEMRRENEZSFE

2.1.1 19 Xt SSREIMIIBERNSHMEST K2
FIH T 19 X7 SSR 51#%} 1061 173 2= B 44 Bk A it
TV Y Ko AL ZREVE VRN 5 R, B R T I,
19 X514 18 1 322 S FE A SF 2 B X 5
Y1 16.95 4>, Horp 3 b SR AL B B 2 105 | )
#& CUIRB307, 4L 27 4>, /by 2 JS173, HAA 74
SN R BER/INE Ll 72~281 bp,

Table 2 Amplification results and genetic parameters from the 19 polymorphic SSR markers

a9 JrBOR/NEH Xﬁ&f@‘?%’{ﬁ ﬁﬁ&%}ﬁ Shanno? fHE WIIe A W Nei's @1{%5#
Primer (bp) , BER% B TREL o e ‘f@ﬁ?ﬁl
Fragment size Na Ne 1 Nei
CUJRA123 172~196 13 3.572 1.477 0.4221 0.7200 0.7204
CUJRA124 127~173 20 1.990 1.279 0.2844 0.4976 0.4978
CUJRA206a 170~214 18 3.431 1.792 0.2709 0.7085 0.7089
CUJRBO12 72~126 19 2.888 1.607 0.5104 0.6537 0.6540
CUJRB103a 122~172 23 2.676 1.546 0.3701 0.6263 0.6266
CUJRB218 131~172 20 4.348 1.791 0.6508 0.7700 0.7704
CUJRB220 108~192 25 5.065 1.949 0.6476 0.8025 0.8029
CUJRB305 93~159 22 1.610 0.895 0.2171 0.3788 0.3790
CUJRB307 100~188 27 5.008 2.011 0.6352 0.8003 0.8007
CUJRB317 106~142 17 3.947 1.741 0.6547 0.7467 0.7470
CUJRC310 138~162 8 2.681 1.112 0.4241 0.6269 0.6272
CUJRD204a 115~169 13 2.086 0.830 0.2739 0.5206 0.5209
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a9 J BER/ME XDW%’TE ﬁ‘&ﬁ%“%’;{ﬁ Shanno‘r)I fH58 AT A WA Nei's ﬁ%%}#
Primer (bp) . FEFEL R B o e /ri?‘af;&
Fragment size Na Ne 1 Nei
JH2753 124~189 13 2.408 1.057 0.4784 0.5848 0.5851
ZMZ11 110~173 11 2.324 0.981 0.5607 0.5697 0.5700
JUG13 188~281 17 1.298 0.577 0.1511 0.2296 0.2297
JSI5 183~215 13 2.286 1.145 0.5535 0.5625 0.5628
JSI63 127~207 11 2217 0.923 0.7419 0.5489 0.5491
JsI71 104~172 25 5.230 2.004 0.6805 0.8088 0.8092
JSI73 142~178 7 1.471 0.694 0.2693 0.3203 0.3205
P+ Mean 16.95 2.976 1.3375 0.4630 0.6040 0.6043

N,: observed number of alleles, N, : effective number of alleles, H,: observed heterozygosity, H.: expected heterozygosity, /: Shannon’s information

index, N,;: Nei's gene diversity

Shannon {5 & $5 %% (1) 75 [ 0.577 (JUG13 )~
2.011 (CUJRB307 ), V- ¥ 2 1.3375; W B 7 &
(He ) 1 1 0.2296 (JUG13 )~ 0.8088 ( JSI71 ), -
M 0.6040; Nei's 515 ZFEEFEE( Nei ) JEH 0.3205
(JS173 )~ 0.8092 (JSI71 ), V-5 4 0.6043 ., % ¥ 3
B 2 B AR o o DR AT R T s R
222 SZHUEMBTENSE X 14 DT
BB BT 0 IR o3 A T i S 2 B (32 3), 4521
RIRAS N T AL BT IR 1) a8t 4% ZAEPESBOR BOR 25

®3 BNMHREREERNEE SN

Table 3 Genetic parameters for walnuts of different origins

S, o BN AZ Ak B JR A4 Shannon {5 B84 (1),
W7 & i (He ) Ml Nei's it 15 22 £ % 48 50 ( Nei )
LD, Ay A 1.4029 . 0.6475 F1 0.6449 , HUR R AT
M EAZ BRI, LA S804 1.3343.,0.6256 F
0.6220, j5t4% ZREME B AR AU IRV M IX, 251853 5 A
0.8264.0.4814 #10.4497, # i Shannon {55 & 35 %X
()R /I 45 T Ak o Rt A% 2 R R THERE ,
[ Y (IR RY @/ p i1 A NN 2B AN 1= B4 ] N ER S
B SC RH YL R B G IR

b WEEFA AL AR S Shannon 5 EAEEL  WEIRGEE BB Nei's BB RIS B
Origin Na Ne 1 Ho He Nei
{1l BS 5.947 2.716 1.0892 0.5103 0.5445 0.5353
FEMEN CX 5.737 2.522 1.0502 0.4802 0.5366 0.5311
KHJH DL 7.263 2.458 1.1076 0.4253 0.5382 0.5350
il B DQ 10.000 3.362 1.4029 0.4613 0.6475 0.6449
21 HH 6.684 3.101 1.2346 0.4600 0.6026 0.5951
ELWATH KM 5.789 2.957 1.1914 0.5134 0.6009 0.5888
Iy HLX LC 3.368 2.174 0.8264 0.4070 0.4814 0.4497
WYL LY 7.632 2.439 1.0894 0.4341 0.5352 0.5320
BTN NI 8.632 3.204 1.3343 0.4420 0.6256 0.6220
HHETT PE 5.579 2.230 0.9758 0.4456 0.4934 0.4873
i X QJ 11316 3.036 1.2899 0.4871 0.5952 0.5939
il wS 7.421 2.776 1.1818 0.4392 0.5723 0.5674
FFE YX 6.053 3.126 1.2300 0.5043 0.6085 0.5962
IR ZT 10.368 3.059 1.3065 0.4652 0.6031 0.6011
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BT 8L BE B 19 UPGMA B 2845 1, % F &%
/N B 32 AL BURE Vi PR 5%~30% BURE FL 5143 514
HT 4GRS WA (PC ) IR
AP (SC) O Fh B -1 (CC-1) B AZ 0 5T -2
( CC-2), AHIFE 5 ARAF I 4 P Az AP ik A T 54 2

R4 BRMRFBRYERBER SRR

FEMEHT (R 4), B 4 T UL FEAATAY 5 it
SRR, BT CC-2 Pl e 245 B (He ) 5RtR
FRTTE 0.05 7KF- B 035 25 5 MR PEAZ O Ff T 28
PRI KA ORI -1 (CC-1) AR
% U S R BBURE AT Mg 10.84% , WLEE 45 Ao B PRI
PR N 70.75%.

Table 4 Comparison of genetic parameters among collections of different grades

R HURE L1 e Xﬂ%@%{i A 5&%%@ Shanno‘rll =l o Ne‘i's %lﬂi[

Collection ( % ) No. LA L JEEiE 3 e gm@g;&
Sampling rate Na Ne 1 Nei

JE AR OC 1061 16.947 4 29755 13375 0.604 3 0.604 0

WA T PC 31.48 334 14.578 9 3.6338 1.5180 0.664 9 0.663 9

{4:¥8 % ( % ) Retention ratio 86.02

REFIT SC 21.87 232 13.578 9 3.853 8 1.564 4 0.680 0 0.678 6

{1843 ( % ) Retention ratio 80.12

R -1 CC-1 10.84 115 11.989 5 4.080 4 1.601 9 0.697 7 0.694 6

{48 % ( % ) Retention ratio 70.75

B -2 CC-2 5.84 62 10.105 3 43077 1.613 6 0.711 4" 0.705 5

{1843 ( % ) Retention ratio 59.63

ORI 0.05 KT B
" indicates significantly different at the 0.05 level

HI Nei's % K Z ¥ 14 5 2 ( V; ). Shannon's
R B () MG E (He) X 3PS 845 in
XA PP AT A 2R R (R S). W
TSI, 3ANZH P CC2 B EE 1 E
A 0.0403 (/N F 0.05), CC-2 ) Nei's it [H £ ¥
PEFEHC e {H R 0.0510 (Z4%F 0.05 ), 1l CC-1 1

RS5 ROMBRIEE SHEERN 01

3N RAESHCE 5 EUR R TR 22 S A SR
SC, I EEFE CC-2 1 B —A> 5 UG IR 22 57 %
A G Y CC-1 AE R fe 28 B RO il 5] 3
FEAZ L B 4 FH o A0 R AR o L e R T M AR
b o 5% PR B AR ZREVERY S, CC-1 AT LA i
b PSR SE AL AR

Table 5 #-test on genetic parameters of collections of different grades
LRI i s ez L i i
Parameters Collections Mean Standard deviation Difference between Difference be.tw‘een t value
mean standard deviation
Nei's & [H 22 K¢ 145 ocC 0.6040 0.1653
M Nei PC 0.6639 0.1601 —-0.0606 0.0515 0.2422
SC 0.6786 0.1609 —-0.0756 0.0515 0.1457
CC-1 0.6946 0.1559 —-0.0933 0.0515 0.0732
CC-2 0.7055 0.1498 —-0.1016 0.0514 0.0510
Shannon {75 84541 ocC 1.3375 0.4653
! PC 1.5180 0.5033 —0.1806 0.1605 0.2635
SC 1.5644 0.5058 -0.2270 0.1605 0.16066
CC-1 1.6019 0.4976 —0.2645 0.1605 0.1028
CC-2 1.6136 0.5000 -0.2763 0.1605 0.0886
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ZREESRbR Gilo HifE bR . P ‘ﬁ{mﬁﬁ% ¢
Parameters Collections Mean Standard deviation 1~ erence between - Difference be,tw.ee“ ¢ value
mean standard deviation
WA ocC 0.6043 0.1653
He PC 0.6649 0.1601 -0.0598 0.0513 0.2468
e 0.6800 0.1604 -0.0745 0.0513 0.1503
CC-1 0.6977 0.1555 -0.0905 0.0514 0.0814
cC-2 0.7114 0.1509 -0.1071 0.0515 0.0403
NN TR 52 A 22 RE I M S0 R ST AR A B2 R i
3 itig Bkt (FH B/ DR R ) )™ (19 5341 30 P L) B A
3.1 ZEEZMFMREIRNEE SN XL N RS2 MRV RR G, 3 6 T 58 v 2804 22
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SERIE 3 5910 1.3375.,0.6040 ., 0.6043 , 5 HiAth % FH
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