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5 1005 5%, ZAMESH A 4r 335 97.20% ; REXT G W n 974 113 ~ 154 Sc 2840 F R 5 [ n 9714 1
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Genetic diversity analysis on five populations of Juglans cathayensis from Shandong Province
based on AFLP marker WANG Dongsheng, XIN Hong, XING Shiyan@), LIU Xiaojing, WU Qikui
(College of Forestry, Shandong Agricultural University, Tai’ an 271018, China), J. Plant Resour. &
Environ. 2013, 22(3): 63-69

Abstract; The genetic diversity of forty-six individuals of Juglans cathayensis Dode collected from five
plots (i.e. Boge Cliff of Taishan Mountain, edge of core zone of Lushan Mountain, Beijiushui Area of
Laoshan Mountain, Nantianmen of Kunyushan Mountain and Foye Temple of Taishan Mountain) in
Shandong Province was analyzed by means of AFLP marker, and the genetic relationship among these
individuals also was discussed by cluster analysis method. The results show that 1 034 bands are
amplified by using eight pairs of Pstl/Msel primer combinations, in which, there are 1 005 polymorphic
bands with 97. 20% of percentage of polymorphic band. Each pair of primer can amplify 113 - 154
polymorphic bands with the average of 125. 6 polymorphic bands. There are 174 specific bands
(including 19 absent bands) in these bands, and 91. 3% of J. cathayensis individuals can be
distinguished based on these specific bands. Percentage of polymorphic band (PPB), observed number
of alleles (Na) , effective number of alleles (Ne) , Nei’ s gene diversity ( H) and Shannon’ s information
index (I) of five populations of J. cathayensis is 50.57% -63.51% , 1.505 7-1.6351, 1.273 5-
1.300 4, 0.163 2-0. 181 9 and 0.249 1-0.281 3, respectively, the averages of PPB, Na, Ne, H and
Tis55.23% , 1.552 3, 1.284 3, 0.169 6 and 0. 259 4, respectively, meaning that there are high

genetic diversity and rich genetic variation among J. cathayensis populations. The genetic similarity
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coefficient of forty-six individuals is 0.536 8-0.864 5 with an average of 0.624 9. The cluster analysis
result shows that forty-six individuals can be divided into seven groups at 0. 66 of genetic similarity
coefficient, in which, some individuals collected from the same plot are not gathered into the same group,
indicating that genetic relationship of these individuals is not completely consistent with their geographical

distribution.

Key words: Juglans cathayensis Dode; AFLP marker; genetic diversity; cluster analysis; polymorphic

band

HF Bk (Juglans cathayensis Dode ) Sk & Bk B}
(Juglandaceae ) $ABEE ( Juglans Linn.) 3§ M- Fe A, H5E
=40 AR s AP A T R S R v X
Jerh EREA BB AR AT, Sl
03k 34% SR EEM P22 A Rk
R AZ I, O A W R B p e H 2y
FEAR (B A7 R 25 o 4R A T ) S e
Rl e 1K F bR s ZREERE SR WA IE . 1F
N E R 2 R B EAA R 25 &
GrUr (e, Azt AT 24 R A TR A58 A F) T
— 3 H N W 7, TR st o] oA B A B st A B
Foft ol B¢ DRSO B HLARA SRS 1) ) B A

AFLP BRI HoARAH B A HAb 4 FFRic HoAR (4o
RFLP SSRs I RAPD 2% ) Bt BAT AL, 1M Hoak BA7
R R AR D SRR DR e AR S R T
S 0 VR 22T AFLP FRicH AR XTI R A
I3 B R B BT IR A4 5t A% 2 REVE RR R 5C R AT 40
B, DU T e b i) 35 4% 728 S R 00, O B R BRI 1R 2R
PRI S5 L B354 7 MRl B g P S B SR |

1 ARA T %

1.1 ##

By 46 R EF A BE AR I 4 ) T 2012 4E 5
A AR AR IR S IO XS AL
KB AT RITTFIZR LB AT SF 5 SRR -, BRpR [H]
10 m Db b5 e — PR b SR A0 H B TR A e
AR F BT TR, AR ) SR A A
0 U SRR AN T

ZRINFGRG A T2 2T 28 1L g 1, b 3 AR AR R 2R
28117°07" b4 36°147 ; BRI 22 WU S 4, B 2
ZW A ETH BRI 12.9 C, B %k
—22.4 °C, =10 CAEFE 3 250 C ; 4E R K B 750
mm, JCFEY] 186 ~ 196 d,4E¥ H R4 2 893 h, k%
10 MEABCREM B 5 1 210,

E A% O X G T TR B 70, B AR R Sy
A2 118°03" b4 36°18", MR il iy 2 KRS A 5 4F
ISR 12,4 C o flRiR-21. 4 C, =10 CHRUR
4 030 °C ~4 500 C; 4 B /K & 690.9 mm, Jo7H
180 d,4E H MEIT%L 2 607 h, 1EHE 9 PERRREM H-,
511 £19,

W L AE JUKAL T8 B T AR R, b R A A3 o AR 28
120°36" Ab2h 36°12" ; M BRIy 2 WAL f  HeA TRV
PEAE ARSI 11,9 °C L1 A F5HR-0.8 °C,
=10 CHEFUE 3 600 °C ~4 200 °C ; 4F & /K & 800 ~
1 000 mm, JTGFGH 179 d,4F H BERT$2 515.5 h, #E#E
6 MHMCRAEM F 5 20 2 25,

EL AT LR R T T 5 T AR R S, b B A A o AR
25121°43" bl 37°13" 5 iR 2 AL o, Fef
VR AR R 11,8 °C L1 HFE SRR 3.6 °C,
e it % % IR—14.7 °C, =10 C4 1 &3 600 C ~
4100 °C ; 4F & 7K £ 800 ~ 1 000 mm, J& 7 7 200 ~
220 d,4F H BRI %03 642.7 h, %E#E8 NEARR R LM
905 26 % 33,

AT AL T AL A I ARTLHR , M B AR A5 Ry
R 117°05" b2 36°18” s 44 0 13.5 °C , # o e
fRiE-20.4 °C, =10 CHRE 3 248 C; 4 [% K &
744 mm, JCFEY] 186 ~ 195 d, 5434 H FEAF 4% 2 891 h,
TEFE 13 DR 45 34 2 46,

1.2 7%

1.2.1 DNA#I  ZHCHE[ 7] RH CTAB B4
PRk DNA

1.2.2 AFLP tk &9 5 [YI 5 & B RIE R AT,
Ph Pstl F1 Msel Ay N DI BAe) g DD i AR R . BU3%
PR R B RFI20 pl, B 50 ng - pL7' AR DNA
4 wL.10 mmol - L™" Adapter 1 pL.,10xReaction buffer
2.5 WL, 10 U « uL™ Pstl/Msel 2 uL.5 U - pL™" T4
Ligase 1 pL Al 10 mmol - L' ATP 2.5 uL %, F
37 CHAMTFRES h, I+ T8 CHRIUTHES h G T
4 CARRAMF TR,
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FARTE, 5 BT AFLP ARICHI IR 5 AN EFRAE AR Y35 1% Z R0k 0 A 65

W Pstl (JF5)°N 5 - GACTGCGTACATGCAG -
3") Fll Msel (5'-GATGAGTCCTGAGTAAC-3") N i H"
¥, B2 pL D)% 4 S 0 Y AR, A 10
pmol + L' HH 514 1 pL. 10 mmol « L™ dNTPs 0. 5
pL A2 U+ pL™' Tag DNA B4HF0.5 pl % #y# 25
pL Iy AR R, PCR 9327 . 94 °C Fil A8 1 2
min ; R )5 T 94 C 725 30 .56 CiR k30 5,72 °C ZEfi
80 s, 4 30 MEI G 1E 72 C A FIEM S min,

Ve 1 2 i FR BAARTR 25 L, B RE 20 155 1
Y P 2 WL 10 pmol - L™ Pstl 14514 1 plL.
10 pmol + L™ Msel #3459 1 wL 12 U « pL™' Tagq
DNA R4 0.5 wL S AL, PCR ¥ 34T 4 .
F 94 CAEM: 30 .65 CiB K 30 s.72 °CLEfH 80 s, 3F
755 1 8691 IS A0 3808 0.7 °C 3L 1 12
ARG 94 CAEME 30 5,55 CIR k30 5,72 CHE
1180 s BINIFFAKIRY 3 23 %8, Fe)m T 72 C & 4F T 4E
15 min, EH 3G W FH BT EAR BN BL 4% () R TN M
T e PR J FL UK, B4 () FEL K BT 35 FH ABI377 PRISM 377
sequencer {WJT%'S(( ZEE ABI AF ) K R BER N,
1.3 HIERQER S

FEHL VKBS E X R R AR R ) A T e, A
F S EORRS Ml W Ve i - (1R TR A VM 3 B S v €
. FIH POPGENE version 1.31 #{Fi15 £ 51k 4%
W E R (PPB) LI 45 57 JE BB (Na ) A 8885 o JE
I (Ne) Nei’ s FEH ZHEE (H) 1 Shannon” s {5 B
FRE(1) Fimtfe ZHEMEHE bR, R A NTSYSpe version
2. 10e FRAT1IR 25 SRR (B) A9 5t A% AR UM R %R (SC) , IF
M Dice ZEARMMAUA A1 (UPGMA ) Xf 46 4>
BT RIS

2 HERMpAT

2.1 AFLP {i8ER A

YA G 2 S S s 8
XFB1PIXT 46 A~ BPRZAK HRR ) DNA SEATIE R 3,
B A MY R 1, hE 1AW A5
YAGY B 2B FEBIIAHE, HeIMAE
P-GAA/M-CAG ¥ i3RI M 2 B W /il i £, ik 154
% B & P-GAC/M-CAT ¥ B3k 15 1 2 5 4
Wi, b 113 25 R P i 1256 £ £
AW, 8 XLy 3k 1 034 447, Hh 28
PR 1005 45, A 29 &5, SFR 4t 51 P 1 i

AN 129.3 4%, 8 MWW M 280 T
IR EN 97.20% ; Horf, 51 415 P-GAC/M-
CAT ¥ ¥4 Z B M50 A 7 R A8 (92.62% ) , 519
YA P-GAA/M-CAG ¥ 1 1 Z 35 M 440 | 43 R s
(100.00% ) .,

H G4 A P-GAG/M-CTG [ 15 3% (1 1) nf
R HEPRAG R S TR T O R R T Y5
Yy2H & Z B A7 5 SEI R
®1 ATULEES MEFRMBEE AFLP 2 HTHS5IMAS (Psl/
Msel) B3 184 R
Table 1 Primer combinations ( PstI/Msel) used for AFLP analysis of

five populations of Juglans cathayensis Dode in Shandong Province and
amplification result

. RWSE SENENN SENA
e Total Number of I3/ %
Primer . .
binati number of polymorphic Percentage of
combination band band polymorphic band
P-GAA/M-CAG 154 154 100. 00
P-GAA/M-CTT 131 130 99.24
P-GAC/M-CAT 122 113 92.62
P-GAC/M-CTA 130 128 98.46
P-GAG/M-CTA 121 114 94.21
P-GAG/M-CTG 122 119 97.54
P-GAT/M-CAA 122 118 96.72
P-GAT/M-CAC 132 129 97.73
FHIE Average 129.3 125.6 97.20

2.2 BEEBEESHEMEST

AR 46 A EFAZ KRR A R IR AT 4Ry 5 A
BEUK LT AFLP AicXd 5 N BFA%BORE IR A0 1 1% Z 1
PEFRBRIEAT 0T, A5 LR 2,

SRR 5 DEFRBEER I 2 B A R
H}50.57% ~63.51% , Z AP0 H 0 R HE N
55.23% ; WL S FE N EL (Na) 9 1.505 7 ~1.635 1,
SRR 25 07 L DR B R 1. 552 3 A S o 3 TR B
(Ne) M 1.273 5 ~1.300 4, 445 R % o7 5 R
1.284 3;Nei’s JEF ZHEE(H) 77 0.163 2 ~0.181 9,
-5 Nei” s LR ZAHEE A 0. 169 6;Shannon’ s 15 B 45
(1)} 0.249 1 ~0.281 3, F Shannon’ s 15 B 55K
40.259 4, FIAMHK 5 A EFRZBRER R 815 25
PR
2.3 BRMELTEOM

R EMEEES AN AN [R5 PR 5 38 7= ), AL
A SRR AR — 57 5 A S5l Bl SRl Bk X AR L
A 22 SR S TR IZ A IR 0 R AR e . X 46 4
HF Bk HAR AFLPARIC 19 73 T 25 R B .8 x5 4l
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300 bp

200 bp
180 bp

120 bp
100 bp

70 bp

1-10; FIFEFHR LAY E Collected from Boge CIiff of Taishan Mountain; 11-19: SEVE T 1140 X 312 Collected from the edge of core zone of Lushan
Mountain; 20-25: JRJR-F W5 11L1L JL/K Collected from Beijiushui Area of Laoshan Mountain; 26-33 : JRIRFE &7 ILIFF K] Collected from Nantianmen of
Kunyushan Mountain; 34-46 . IR T Z& 1155 <F Collected from Foye Temple of Taishan Mountain; M; Marker.

E1 XRASIMAS P-GAG/M-CTG MRIFETFILHRE 5 MEFAHY 46 M EF LB B ARE) AFLP § 15 E i
Fig. 1 AFLP amplification pattern of forty-six individuals from five populations of Juglans cathayensis Dode in
Shandong Province by primer combination P-GAG/M-CTG

%®2 ETAFLP HREMILEE 5 M HRkB kB E S HENTERY

Table 2 Analysis result of genetic diversity of five populations of Juglans cathayensis Dode in Shandong Province based on AFLP marker!)

A2 Population?) N NPB PPB/% Na Ne H I
1 10 75 57.97  1.5797(0.4925) 1.2812(0.3496) 0.1687(0.1859) 0.260 3(0.264 4)
2 68 52.44  1.5244(0.497 1) 1.2861(0.3626) 0.1680(0.1937) 0.2547(0.276 1)
3 65 50.57  1.5057(0.4997) 1.2805(0.3599) 0.1660(0.1919) 0.2520(0.2753)
4 8 67 51.66  1.5166(0.4954) 1.2735(0.3471) 0.1632(0.1872) 0.249 1(0.268 7)
5 13 82 63.51 1.6351(0.4800) 1.3004(0.3476) 0.1819(0.1859) 0.281 3(0.263 8)
SEYME Average 71 55.23  1.5523(0.4929) 1.2843(0.3534) 0.169 6(0.1889) 0.259 4(0.269 7)

DN BpH Number of individual ; NPB; 22751461 4L Number of polymorphic band; PPB; £ 75145 143K Percentage of polymorphic band; Na;
ML S5 3 R EL Observed number of alleles; Ne: 4 4% 55 1 3 K 5X Effective number of alleles; H: Nei’ s 3:F Z A Nei’ s gene diversity; I
Shannon’ s 1% E.38%% Shannon’ s information index. %5 P EUE FFRHEZE Datums in brackets are the standard deviation.

1. FRINFSASE Boge CIff of Taishan Mountain; 2. & 10X 31% The edge of core zone of Lushan Mountain; 3. ;11196 JL/K Beijiushui Area of
Laoshan Mountain; 4. EX#71lIF§ K[ Nantianmen of Kunyushan Mountain; 5. Z&1LI##45=F Foye Temple of Taishan Mountain.

H AL 174 SRR EACH, LR 19 AR,
AFGIHET B R R A B A 257 R R
PR Z M5 G N P-GAT/M-CAC, F= 4 T
31 AFFS A (G 5 ARBAT ) s R e A 2L
BB A S N P-GAG/M-CTG , " i 15 5455
PR, FR MRS AR 46 S PRk ) A B 22
SRRSO R Z MR 6 TR, 23 4k Hik
JE24 SRR A 18 SRS A (LEE 3 ARk
) s HES RSB 10 25 (F245 10 £5) B Bk
WA 4 5 H 44 S HRE; SAME 4 D ERERIA R
7o TATEERR I G R S A AT I 91. 3%

AR R B AR IEA T 250
2.4 BEERACESFTIREES N

HRAE AFLP ARic i 70 BT 45 5, FH NTSYSpe version
2. 10e BAFTHIE 46 A B BBk SR ) 1 352 A2 AR DLPE 5
B, AR A bk ] AL AR RO 0. 536 8 ~
0.864 5, BALHIIME RECF MY 0.624 9, 1 55
PR 2 S ERRIRI B AR R R B K, 0. 864 5,
TR AT T AR LAY, R R O R iR
T 54 SRR 22 5 BB ] 1 5 AL AR UM FR B
LR R FOL, o 4 S BRI T 28 115905 2 22
SR T b LK, U s A AR L 2R e
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/N, FTRES H A MR B AR X B AR KPR 2 S Ml BRRRIA] B BRI

KA K 2 5 Hpk-5 A BRI ) 52 AR U 2R AT FT AR R AL Gl 1k UPGMA &3 vl
YIE R (0.692 4) ,4 S HRR S H AL SRR A A LURDULI 1 3 AN [) bk A (938045 G 22 46 4> Fbk
UERBCFIER/N (7 0.610 4) KW 2 SR AORKIEILIE 2, & 2 n] UL, 1e 5 £ A 0L 1 &R %L
A FRR TE) BAT B A AR T 4 S BBk S 0.66 Ab 46 ANEFRZBE SRR T BB T 4
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BALFIPE RS Genetic similarity coefficient

1-10: RIETZEILF A2 Collected from Boge Cliff of Taishan Mountain; 11-19; R UE T 110 K i1% Collected from the edge of core zone of Lushan
Mountain; 20-25; SEUEF ;LA JLK Collected from Beijiushui Area of Laoshan Mountain; 26-33; SV T E 471 KT Collected from Nantianmen of
Kunyushan Mountain; 34-46 . & T2 ILHE45SF Collected from Foye Temple of Taishan Mountain.

B2 ETF AFLP fRCHILRE 5 1 EFRBEEEIK 46 1> BKE0 UPGMA RREE
Fig. 2 UPGMA cluster dendrogram of forty-six individuals of five populations of Juglans cathayensis Dode in
Shandong Province based on AFLP marker
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51 HAFG 1 ~10 526 SRR, Hb 1 ~10 5
PRI A T4 1 F9RY B 26 SRR TR a7l
KI5 2 HAdE 11,12 .13 15,16 .17 .18 .19 20 21,
22 23 #1125 53 13 AR 530050 A0 T IO X
A AL LK 56 3 4LRNES 4 4H45 A& 1 4
BARR, 2 B AR T8 L X 14 5 SRR
A3 T AL JLK Y 24 5 50kk 55 5 46 27 ~33
SHAR, Y TR eI E R 6 444E 34 .35,
36.37 .38.39 .40 41 42 43 Fil 45 53 11 4~ Hfk 15
Oy TR INAS S 5 7 AU 44 Tl 46 52 kR,
WA TR LA SF . TR B AHIME 2227 0. 68 Ak
WA 2 4l 2 AW AR 1 WAL 11,12,
13.15.16 .17 .18 1 19 54k 8 A~ Hkk, &850 /i T &
A% O X %% 56 2 WA A4 20 21 22 23 Fi125 53k
5 AR, A E A T L LK, RIS HraE Rk
B .46 DEFZA SRR B a1 S H A i AR A —
B, 43 R T[] — 7= M %) AR B 43 7 R TR ) 4 41
H,

3 it AgE i

AL 22 FEPE R PR I DR = 5 Y B R I 43
FARIC AR AT PRHAS I 535 4% A8 S KOF B Ik, AFLP
LUK BT b B — 254 B A BRI 1 AR
I 22 A 2 A B R B B Bl R S W R A % AL
M EAFEAR S — R R 2 A A A
SR 50% ,FET I CZ R 38 4w s AL
SR AR R 46 DMEFRBERARR I 2
P E A R EIA R 97. 20% ,5 MR 25
RS A R A R 55. 23% , RIEF AR
HE AL ZRErE . Hamrick 261 45 1 2824
HEARASR T2 22 2500 85 H 380N 65% , F- 31 RAE
SRR IERUBCR 2. 22 AL S A R S FE R B
h 1,24, AESTH BB BRI 2 SR A H e R
SR R T 22 AR AR AR AR ) 1 ST A, (LT 357 08 0 25
PEFEPIEL (1. 552 3) IR T AR E AR A Y - 218
T -2 R L R E (1. 284 3) Wi T 244 R A
M EPERIE, — A AR A A
Bl S m Em R SR s Wl R
R AEAR S BPAZBRAE Sy —Fh oA )2 AR A
W HA L SRR R RS oAb, KTk
YE R gT A SR R e AR SR B

W7 RN TR AE YR B AR R L AR
WHFE W b ) B RR A AR 24 4 T BF A RS T, 5
[k B9 22 B AVE Y Bk (Juglans regia Linn.) F1LAZ Bk
( Carya cathayensis Sarg.) A" P RBERBLH T
B gL ZHEE,

Pl Bt B X P AZ R A TR ABIESE AR, Bl 4 3
TR PRt P A 5 %o B A% B 19 b B B R A T A3 2R
e AETEAN RE LI S W B A9 38 4% 5 J Mgt 4% 22
St WIFRAS TR b BT A 35t 4 22 S U AR 8 0 R e PR ) 22
5, R H] DNA 43741 7T ARG I S AN [m] #5278 43 5
KA b B A% 22 S s AL OC FR AT, LE BR Al o R
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