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Abstract; Genetic diversity and genetic structure of walnut germplasm in Diqging Prefecture of Yunnan was ana-
lyzed using SSR molecular markers. Eighteen SSR primers were employed to amplify 161 samples from 3 populations
of Juglans sigillata in Diqing and 171 alleles were detected with a mean value of 9.5 per locus. The range of ob-
seved heterozygosity ( H, ) and expected heterozygosity (H, ) were 0. 390-0. 580 and 0. 580-0. 619 respectively with
average of 0. 467 and 0. 598 ,and the range Shannon information index( /) was between 1. 153-1. 313 with an aver-
age of 1. 231. The results indicated that the genetic diversity of walnut germplasm in Diqing was moderate. The coef-
ficient of genetic differentiation( ', ) was 0. 005 2-0. 225 3 with an average of 0. 065 2 ,which meant only 6. 52%
of variation existing among populations. The gene flow( N, ) was 4. 266 3 (N, >1)showing that gene flow prevented
the differentiation among populations. 161 individuals were divided into 3 groups through STRUCTURE analysis and
3 populations were clustered into 2 branches through UPGMA clustering. Weixi and Xianggelila were clustered in
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one branch and Deqin as another branch.
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WBkE (Juglans L) MYAERSH IAH 23 1
B, EH 13 AR, Hoh T HR R 2
IR (). regia) FIEESUEBE (. sigillata) 2
AFRE L REUHE T Iz A TR X, R
FEAFS ) MRS EZ A X2 —,
TREUZMOR S 1 A&k, MBCREIRAR R 5 . R
G AR N AL TE e, EL O, N3 A (X))
AL, IEF EFEAR) ST RO A
FE) LA R, RN R = AL 2 6 740 m Y
H LT 1) F2 R TUMS 06, RARAL B4R N 1 486 m
PV AT, 4% 25 5 254 m, /DMERINE
K2 30T B 13 S RS R E S IR
o) 20 A A g DX R o 5T IR LA R B 2R
PE, SR, BEE AR LR AR, RFFFICE
PERAHE)FIE, BRERRTRE BB, 2l
HIAZ AR B0 PG AR B ek . JT AR
B I35 A% 22 REVERIE T 2 X0 BE IR 27 AP AR T 1Y
A PSR, TR T DN AZ R R B 9E I Y
BHE AT SOt B Z5 R IESE A | ) 5E TR
R BURR 7 B DRAP RO S M PR A IE g Ab B

VE VAN 18452 Z2 RE PR Y — B E 2R, DNA
S FRRCT Z I TS R Y 2 RS h
ZEes o RPN e T Tk 2 NU AN T R N W RS 2
(simple sequence repeats, SSRs) #Fric &4k T PCR
MR 2 SRR, AT RS E P L 8
FtEsE . I RAMEEILA, T T Y B9E 80
Br. i B S E | 34 45 A R &R gE I AL SE BE 5T

RO TR B R 35 AR A 8
BFFEHRIE ), EGr il PO R o o ) 38t 1 2
FEVERGUA R T, ABFIEEET SSR 70 Fhic
ARz B4 T DO A ¥ H 3 AR IE 161 31K
LM BT IEA i A Z R 0T, P s B
L SRR SR AR Z IR, S ORGP A
FRPBERLAE

1 MR 57%

1.1 FRRHEER & A R SRR

i PEAECHE F iR AL T = R A PEALEE (900357 ~
100°18" E, 26°52' ~29°16' N), Hb4b s it & I 45 g
%, MRl BALsy, B, ), 3 E (X) &
FUb o A A M T AR 23 870 km?, XK 3 380
m, AR A AR L R RO I (6 740
m) , FARMEEHR MR TIIA (1 486 m) , il M
Ja A - FEWA A, AR 10.6 C, AEIR
Uit e A 25. 1 C, BRI -27.4 C, %I EE
TRE B AP s B AT, 3 MR
(1) BH R

RIS M 161 D TRSUZ M BRERE & 73 0% A
PRI 3 AE () (B HBRAHEE 100 m L),
AR () MBEER | AR T L 25
PESIHT, 3 ABEUR A b BEAE B SR AR B LR 1
DURAEMBMRB S (A5 R) 1B 1 MFEA, H
Gk i CH) B S DNA

F1 ZHEHERBIEERREARYE

Tab. 1  Geographical information of sampling sites and sample size

KA 7 250553 PG L/ m FEA S 2/
R B 98°43' ~99°32’ 27°33" ~29°15’ 1992 ~2 750 37
“ipg B 98°54' ~99°34' 26°53" ~28°02' 1 450 ~2 300 54
g BT 99°28" ~99°46' 27°24' ~27°52' 1 680 ~2 560 70
s
a1t 161

1.2 REHE
1.2.1 B4 DNA HRE

itk 2 A 20 DNA A9 4 BCR H ele#k 9 CTAB
TR HOe E N B T 1% 1 BN A R A e Tk K
LA W I EE T (thermo scientific ) #4745
T, B DNA FE 5 Tris—-EDTA 22 shi i 28 20

ng/pL, -20 CIKFEIRFEEH .
1.2.2  Bl¥YHE & SSR-PCR ¥ #4F13 14 7= #i4) &

T HL PR
SRS IR, T 20 X1 R Y

F191T % 3 ASREA B 3 ~ 5 G RE R HE T
PG, PR BRI FRL UK S A RS A5 R EL AR T AR
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WEZE AR AN kT R
1.3 Stk

KA 2 i) SSR R Bt A Exel %, Il H
GenAlEx 6. 5" & POPGENE 1. 32" {1543 B iEAA
AERAE AL B () . AR AR RIEL () |
WMELHR G (H) . MBI EE (H,) . Shannon
FEARE (1) St RS BRI B L
Ry (D). B —8UE (1), F-S@itiE (Fg.
Fy. Fo) BEERG (N,) ™ SRR E ML SHL

FT AR LI, 121 Mega 6. 06 {13t
17 UPGMA BISHL il 25 R 1L 5 R BPARIE Y,

FIF STRUCTURE 2. 3. 2 #4F 0 M ph BEAR Y
WAL RIS K EEN2 ~15, B1K
fEPST RIS 10 IR, 217340 “Length of Bum
—in Period” A 10 000 ¥X, “Number of MCMC Reps
of Burning” &4 100 000 ¥, KM AK {5 K50

R (N,) Z2REE R 5.556 ~7. 111, V342K
6.574; AN B H A (N,) WA fE F A
2.862 ~3.174, V50 3.030; WEILEGE (H,)
IS LG B 0. 390 ~0. 580, 154 0.467; M
REE (H) WAEETEREIN 0.580 ~0.619, -1
7 0.598; Shannon {5 B #5%L (1) /v T 1.153 ~
1.313 Z 8], FH#h 1.231, 3 DRI Z A0
H%E (P) ¥R 100% , bR T 280005 H 0%,
BRI S BAEE B 22 7 . G A3
MHAR RS BTLLE B, GVEREARR N, . H,
T feE (N,=3.174, H.=0.619, I=1.313), &
BRBER B F K (N, =2.862, H. =0.580, I =
1.153), UdBH 3 AN FEAA o 2 7Y 3 R 3 A AH 0 45
(R ZREE, AR A A XTI,

F2 18 XF SSRE|IMAEYIEER

Tab.2 18 SSR primers and their amplified results

Jra B4 YR B A ERY
PEURAE K '), 455530 53 Distruet #4424 25 N F/N bp A7 L RIBL/ N
N AL 1 CUJRA123 198 ~212 8
2 CUJRA124 165 ~ 184 15
3 CUJRA206a 200 ~212 15
D AR 5K 4 CUJRBO12 96 ~ 118 12
5 CUJRB103a 144 ~ 174 16
2.1 S|#MRyIGER 6 CUJRB218 168 ~ 174 8
24 TR T e, ARG, T e 28 A i 18 X5 5[ W) FH L 7 CUJRB220 147 ~196 16
. ) . , B 133 ~ 1 12
161 BYRE R 950, 314 9 B A 45 B 5 S $$$j lﬁlz o
40 16] 4 :
B, ARSI TR 2, w2 AT, 18 X 10 CUJRB317 131 ~ 151 11
Yt 161 OykE S 18 R BER K /N 96 ~250 bp, 3t 11 CUJRC310 162 ~172 7
RS 171 NEEREEH , SEH R YA £ 9. 5 12 CUJRD204a 172 ~ 174 4
AeEfr A, Hrh 514 CUIRB103a #1 CUJRB220 13 JH3753 188 ~212 10
; e 14 JSI-15 180 ~200 7
SRESINE %j: = A =4 _
m@m#m:m/zn(f 16 I/\) , 1% JUG-13 s 15163 203 - 208 S
%[l /M7Z-11 E@Ei// 5 I}VJIJ/\@‘ 3 o 16 JSI-73 160 ~175 5
2.2 IZWEBHRRIERE SN 17 JUG-13 240 ~250 3
18 X5 ¥t 3 FEIR 161 e AP 1 25 4 18 ZMZ-11 162 ~ 175 3
POPGENE 1. 32 B{43 HiAs BIRE (A 1 3 14 2 R 5 ;{i 17; .
BO(F3), R3O, 3 AFEAR UL 0 FE :
R3 GHEM 3 MBI EESENE
Tab.3  Genetic diversity of 3 walnut populations in Diging
R N, N, H, H, I P
DQ 5.556 2.862 0. 580 0. 580 1.153 100
WX 7. 111 3.174 0. 430 0.619 1.313 100
XGLL 7.056 3.054 0. 390 0. 594 1.226 100
-1 6. 574 3.030 0. 467 0. 598 1.231 100
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2.3 BOEEHEMBEES U RIEEEN

4 WoR TP 3 MEBRBEAR B8 L 7Ttk
B, M4 TH, BHRMIERLRE (Fy) A F
-0.168 5~0.4959 Z[a], ¥k 0.218 7, H 1
AL (ISI-63) G Fad e, BEARE AL 1L
FE (Fy) T 0.0052~0.2253 Z[H], FHH
0.065 2, %l R W% 48 S FBAAAE TR,
KR T RERM A A2 7 B B8 1 6.52%
SO ARG (N,) ZRBK, ZAHFETE
0.859 5 ~9.454 9 Z[u], F¥Jk 4.266 3,

R4 BEMIMEMEENBEESLERERR
Tab. 4  Genetic differentiation and gene flow of 3

walnut populations in Diqing

(DA Fi Fir Fy N,
CUJRAI23  0.2856 0.3215 0.0503 4.7197
CUJRAI24 0.1954 0.216 1 0.0258 9.4549
CUJRA206 0.4959 0.5160 0.0398 6.0304
CUJRBO12  0.0978 0.1543 0.0626 3.7450
CUJRB103 0.4290 0.4493 0.0355 6.7915
CUJRB218  0.1252 0.1993 0.0847 2.700 6
CUJRB220 0.0756 0.0821 0.0070 3.5479
CUJRB305 0.3962 0.4295 0.0552 4.2783
CUJRB307 0.2737 0.3423 0.0944 2.3971
CUJRB317 0.0419 0.0688 0.0281 8.647 4
CUJRC310 0.2192 0.2500 0.0395 6.0823
CUJRD204 0.2341 0.4066 0.2253 0.8595

JH2753 0.4849 0.5233 0.0746 3.1018
JSI-15 0.1946 0.2805 0.1178 1.8729
JSI-63 -0.1685 -0.1138 0.0469 5.084 1
JSI-73 0.0245 0.0408 0.0168 1.4654
JUG-13 0.0492 0.0542 0.0052 4.7409
ZMZ11 0.2851 0.4024 0.1641 1.2739

RES] 0.2187 0.2697 0.0652  4.266 3

T FgHBHANEE REG P b BRHEANEE REG Fo MBHE
IMEREL N, N,

FIAH STRUCTURE 4341t P AZ A6 Al 5t 5% 5 A
IR EEH, 2 K=3 it AK ik (Bl1), £
W 161 I Edk IR B 3 A REZRBE (B 2), 4@
o SRR R 3 A ERE, iR 2 nT s
SRABEIAFAE — B AR IR I AL R e i 4, 1
ARG BN B B ok, P AR R (s L TR 2y
FREEFIRTEIN, HEPE A F A% BB RE IR B AL, 3
AT BARR LAY 51 40 A

2 3 4 5 6 7 a El

1 SEXRBY (K) SHEEE (AK) XA
Fig. 1 Relationship between the rational groups number

K and estimated value AK

y §

¥
9
2 EF STRUCTURE 43 #7938 B
3 MigskBHE RIS
Fig. 2 Genetic structure of 3 J. sigillata populations in Diqing
based on STRUCTURE analysis

2.4 BEEMZEEXRER UPGMA B3

R T2 T gl R 3 ARk R AR [R] 935t 1%
KZ, FUHBEANE Nei”s MEHE RS (£5) #14T
UPGMA 2k, & 5 nT UL, 3 NHER 4 I3
(D) HYZSALTEFE R 0. 127 8 ~0.201 3, Horr, 4Epy
AR BRI B /N (D=0.127 8), 4EVY
BRI R ok (D=0.201 3), MK
(E3) ATLIEH, 3 MRS EIEES 0. 13 4]
IR RE 2 A4, HEVSRaess BLPD RO —41, 784K
PR R —2

RS OMRERM 3 MIMBFEBEE Nei” s BIEEE (D)
5#fE—8E (1)
Tab.5 Nei’s genetic distances (D) and genetic identity

(I) among 3 walnut populations in Diging

DQ WX XGLL
DQ ® ok ok H ok 0.807 7 0.8355
WX 0.201 3 LR 0.880 0
XGLL 0.169 7 0.127 8 Wk ok ok

W WA%Z BEEE N Nei” s 8t —8UE (1) ; XMMLZ TR Nei’
s MAEIEE (D),
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XGLL

DQ

0.19 0.17 0.15 0.13 0.11
Nei's genetic distance

B3 EF Nei’s #fEBEAY 3 M BEKAY UPGMA TEXE
Fig. 3 UPGMA phylogenetic dendrogram of 3 walnut populations

in Diqing based on Nei’ s genetic distance
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Al 38 K Shannon s 5 B3 (1) FbEE
G (H,) VERVEAGREARS A 2 08 1Y 2 4
b, Herf HORT DA BRI 8L 2R, 0]
DA IR A e 25 437 6 R i = 0 BB N34 A0 R 01
ABFGER, 3 MEHEEHA H BSEYIME N 0.598, 1 H#Y
SR R 1,231, @ T R R e e Y (H, =
0.282; I =0.4225), Wang H % (H, =0.525"";
H =0.586"") DIRRWEHEFE (H,=0.591; I =
1.157) J&F SSR o Fhric IR EEIAR (J. regia BY
J.sigillata) 15 ZHEME, KT EWHE ( H, =
0.617%; H_ =0.678"), kA% (H =
0.657; I = 1.324) RHAFEI > FARICH ARXTAZE
FER IS5 ZREPEDR IR ZE SR . T DL, 3l DAk T
GR35 15 Z BEPEAL T 2K

DA — BB 1 35 1 Z2 AR M RT3 A o ) ik
DRAF A A e Bl 0 — AR as A%
ZREMERNE A AR TE S AR SRR B A G, Sl H
AR FEE R A3 TS (R A B 35
REZREE, T, 558, shEEm T aa
B 20D, ik, BE &%, 8L 5
A BRI NN R, AR A
R T PAESMI R R X — ARl 0 A5 Z R KT 2
IR SR AR KR R AR S A X S TR S Bk
RRERER, Eamml iz, 28 127 R
R 850 ~2 900 m I Bl A R B R4 A4S
Ab, BN HA T A RS AR RIS, B
0 SN E I R d i I WA S =L AWtk (- 3 1 2 A = R
B, VL EIEZ R S8R I SRR 5 TR G 35
TR ZREMEAROP R R . SR, AEBER R B Al L R HAth
TEUFP A | PR AR IR AR A

KT SR T R ST 1% 2K oAb
(4 R BEAL 2308l N SR BRI, (AR o A1) 35 1
F1, BIERSCEMILF A, & RB ARG 2R
YRR RIS, A ROR A 4 R [ 2 1
FERISCHTAE R AR b 1) 3 A% 2R 1 B A 7=
e S35 ABFIR AT 18 AN A JSI-63 fif
RIS RBUNT 0 (Fig=-0.168 5), HAtAL S
IERRRBIIRT 0, ZETFAL, B2 B B
RERR T 0 SRR A N AEAE S 3 B0, B2 R B 2
&F (H,= 0.467, H. = 0.598, H <H ) N4
WK AL 2 RevE . DL R RS TEH S5 R
(A5 I DX S 9 U 1) 35k 1 2R AL T R 25K

BAEMMEREL (Fg) 1T DARLS S WERE 1A 1
WAELER T PR 3 AR A B ALk R
K F=0.065 2, Bda W 1% 48 5 320k | A
WA R E] 065 16 R0 T Victory E 48R H
SSR 4> Fhric X AR B R 45 R (Fy, =
0.017) %) | fi&F Wang H %% ] SSR #ric X 74 ik
ik JEBE (Fy =0.103) FI Mk JE#E (Fy =
0.111) MFFFRZER", KT WS hE 8 %
BERERE (Fo=0.196) RIBFFTLE R, L#igh
W3l DR PH A B TR A2 ) ) 38 4 A3 A K S 311

FEPUBE (N,) 25 i i A 18] 35 4% A8 53 R B 1)
FEFEE, — R UL, KAYFE AT AR 1k B
R4k, DR R B, BERE Y
BB Hamrick ZERFREEE R, 4 N, >1
B, PR A LUK s A AR VR, BELLE R A
EE s 2 N, <1 B, s fE AR 2 S SO (AR )
(A Ak 0 o B 3 ARk EER N, B M
5 4.2663 (N, >1), FHIFEF 2 RACH] T 814 1
IVERT, BEICEHAR B E KT, X S5PRRAE
S DU A B R A st A% 2 RE PRI ST 45 SR AR L
N, — SRSy, MBS mEA X, 5
— 7 SR A G sh & VA oG, VR —Fp
B R BB L TMBIF, VR S E, |
HREAL Ry | B BUGRHZ  ANhSEAE TR L
Foft I 3G 4 55 PR R A SR AL T BRI ) (0 L 5 i, ik 2
N Z AL A AR B R A

BT LR B B UPGMA B2 i w it R 1 3
AERRREA, 2 PR R AN AR BRI [B] ) a8t 4 1
B/, TEBEIEES 0. 13 b Ky —4; A
T PO R (038 15 BE B e A, 53 Ao Bl A —
20, STRUCTURE Z3Hrls 161 (395 I8 3 183 2ERE,
PR AFAE— 2 AR TR R N AS i, (H A Ae
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BRI S Ak, b A PSR A A LR (B A 43
BN, TEERRHAS ZF xR, 5 UP-
GMA RZERAHR], AR ARG R 1 992 ~
2750 m, ZEPEREAR 1450 ~2 300 m, FEA%HLBREA
1 680 ~2 560 m, FEEALBCHEAATRT T HAth 2 ¥
PRGNS AT IR = s DA B 5 VRSB )
A F B X VGRS, 5 PRI SRR T
FEA SRR AR, DA R T AR B 3 Bk
PRI IR AL S5 P R R ) LA

L ZREE R IR R LAl AR R T
1 PR PHER SRR 5 5% 5 v S5 K 1 38 2 RE T,
ﬁﬁﬁeﬁﬁﬁﬂ%%ﬁﬁﬁ%ﬁos4ﬁw$,
HEVGRAAR A 8% Z RE AR R ﬁ%ﬁ%*
BRRY TAER, AEVG AR N S BRI, g
ﬁ%ﬁﬁﬁﬁﬁ%,ﬂ@ﬁ%@%wﬁ%%%Lh
BEU, BLAh, DR DN RSO BRI ] () 352 4% o4k
A, o7 M B R A PN BRLRR () S 4
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