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LI B P BB RAK(PPL =36.94% ,H, =0.1202,1=0.1817) , Nei's 4% % 2t Fo AMOVA 247 00, EREM = AT
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ISSR Analysis of Genetic Diversity in Natural
Populations of Castanea henryi

GONG Bang-chu,LIU Guo-bin
(Research Institute of Subtropical Forestry,CAF ,Fuyang Zhejiang 311400)

Abstract: Genetic diversity and genetic relationships of 16 natural populations of Castanea henryi. were as-
sessed by ISSR. 379 loci were identified in 449 individuals, of which 378 loci were polymorphic,the polymorphic lo-
ci percent( PPL) was 99. 74% . The mean expected heterozygosity ( H,) and the Shannon information index (/) was
0.2950 and 0. 4522 , respectively. In population level ,the PPL was 46. 09% . The genetic diversity in different popu-
lation was not consistent. Compared with those from other 15 regions, Xiangxi region had the higher level of diversity
(PPL =53.30% ,H, =0. 1861,/ =0.2781). A high level of genetic differentiation was detected among populations
based on analysis of Nei's genetic diversity and molecular variance ( AMOVA) , Which showed that a large genetic
differentiation existed among populations( G, =0. 4466 ) ,and distribution of genetic variation within and among pop-
ulations was 52.51% and 47. 49% , respectively. 16 populations were clustered into 2 groups and 5 subgroups by
the UPGMA analysis. Xiangxi region might the secondary distribution center and modern center of genetic diversity
of C. henryi,also was the resource center. It was the most valuable gene pool, therefore , natural populations of C.
henryi in this region need deserve prior conservation.
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DN, 2 T S Sk s i P ek L ) R R R
TR 5 S T A R R A S A b bR
MHESC R A Al M BT, RS SR BT 5 S A
PG A DR AT ] 2 4 Je B RN X

e S A T R R VL B AR 8
33 DX AR A AT 3 s XA D G R ol
THREES, IRAL TR AR . T H AL 2 0
SRR R A& B HESE TR DR P RN o 1
JICHE SR A BEURRER R, T LA, T R HE S AR S A
AL AR ANIEAL SC R BIETE, X 3 ] 4 S ¢ 14 £t
I R BT R e AT BB 3,

P b P e S v 2 L i 3 LN
st i S AR A% A A T A1 20 THEZEOR
TR CA AR SR A A IR S5 RE 3 %
ZREPELE RO ST H AR NS S T e A
RSP ALY A 1k, & THESE AR R
1% ZREPE O RITTE R DL AR, B 5 P AR S e 1) gt %
IR BB SRR R AT AL

ISSR (inter-simple sequence repeat) 7 Fric
ARIEFY SFEEE " SRR TS L Z R
5 20 e Bl i 2 gt 42 3% B el i e A A
AR 2T B 1 TR SR ISSR 519
FIAHLY (AT B AR R O ™ AR SGE A 18-
SR F A e [ HE S 1 4R J A 1) 5 15 20 R P R A
I ) 1 5 R EAT 0 A, ARk S 3 A 22 B o0 A
UL AT SRR () B35 A5 728 5 | O E SR SR Y
LA ST B BE A, O HE S BT UROR AP B AT RS A
JEFEIERL 2T

1 B %

1.1 HARE

A A T A BRI A SE AL, T 2006 — 2008
SERFEHER 5 H ARG XY 10 48 05 U, H
P S % M Y RER] 16 S RRERE
449 MK 1), RAEFNMHETE 3 ARER &
28 T A B S A ] S50 & PR U R 4 DNA

F1 EERFHRFHAER

Table 1 The location information of C. henryi populations sampled
JE R LPEE(N) ZJE(E) R (m) AT Moy S TR IR AR
Population Latitude Longitude  Altitude Interference Forests type Sites Individual
THAEE 27°39"  114°32' 532 ~590 rf TN 5 SRR AR L 27
[y 26°32  117°19" 690 ~873 AR FEAF SR LRIE AR TR S L 30
JPERIR 25°53’  110°32’ 681 ~715 AR ATRIRZE JEM 5 E SR A 1) 20
payea]lah il 28°05' 104°07' 1020 ~1123 r o5 Rk R AR L 28
W R AR 25°33"  113°52" 606 ~706 ITEAAMK  EFRIIRAC JE I R SRR AR LT 30
W 3 26°26"  109°35' 453 ~509  EZ  EHREIRSC EMH SRR L g 24
AaRGHTL 28°23'  110°32’ 305 ~494 G BERETRZS TN 5 Lk R AR L 30
BN 26°36" 108°18’" 777 ~897 o I 5 G bk L 30
PR 29°35"  103°17" 1271 ~ 1364 h BERAITRZE 0 5 R Ak i Ak L 30
7)1 R 30°57'  103°33’ 1029 ~1150 h FHRATRAS T 5 ek i Ak L 30
WL B B 31°52"  110°28' 880 ~ 1445 H ok R AR LI T3 28
WAL A 31°05'  110°57' 1271 ~1590 o 78 i bk L 30
LR G 28°50"  120°31' 579 ~709  HZ  EFREIRIC M-SR 1) 27
HATTANE 27°37"  118°59’ 369 ~582 G FERATRAS FnT 5 ek fE Ak L 30
WL 2 30°32'  119°20’ 580 ~810 o B RRR A 75 5 Sk bk L 30
TR 30°10"  118°10" 440 ~625 R4 yEM Ak L 30

1.2 ISSR 43#f 20 ZRZ SRS I T AL (£ 2) . PCR 31

ABEIE IS 95 7% I8 KBS L I K2 UBC
INFVAAREIBI TS, B iA T A TR AR RS
HIRAFIG A, L A, v A 1A 1S-
SR ZMHrE AR ZR  HEIT A 60 45 ISSR 54 v i i 114

JIViAE ABI-2720 BIBEER PCR A EEAT , e &4k
RIVAARZ 25 wL: Btk DNA 1. 0pL(50 ng/pL) Mg®*
1.5 pL(25 mmol/pL) dNTPs 2.0 pwL(2.5 mmol/pL) |
Tag DNA B & B 0.2pL (5U/pL) . 51 % 0.75 uL
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(10 pmol/pl. ), 10 x PCR buffer 2.5 pL, ddH,0
17.05 L 520 B2 .94 °C FiZE ¥4 3 min; 94 °C A8 4
45 s, T (AS[A)5 1 91R KA AN R] ) IR 2k 45 5,72 <C
FEH 2 min 32 MEH; F5 72 CIIEH S min,

x2 5IMER

Table 2 The information of primers

PHEFEYILE 0.5 x TBE ZE /i, 1. 5% Bis 4
BERE L HLiK  SYBR Gold A% RREEIE Ykl YL (1, R ) il
T EALEER A% 2 58 (FR-200A 4 [ 3 £24h 5]
WA E ) AR IC %

514 JPFI(5'3") g ZAEMALEE S || 51 FE3I1(5'3") PRRE  ZEWMLSE/SIY
Primer Sequence(5'-3") (°C)Tm No. of PL Primer Sequence(5'-3") (°C)Tm No. of PL
808 (AG);sC 57 18 836 (AG)5YA 57 22
810 (GA),T 58 23 840 (GA)( YT 58 »
811 (GA)4C 57 21 841 (GA),YC 52 14
815 (CT)5G 55 18 842 (GA)YG 56 15
818 (CA)4G 55 15 845 (CT)4RG 58 18
820 (GT)C 57 18 857 (AC)YG 52 22
821 (GT),T 57 19 868 (GAA); 44 19
824 (TC)4G 53 18 873 (GACA), 58 23
825 (AC),T 58 19 880 (GGAGA), 53 18
830 (TG)G 59 17 881 (GGGGT) 59 19

1.3 HUESH

KN Tz 7 ST g g i, AnifE o+
1 200 bp ladder HARifE , AR 45 45 57 50 HL UK 35 1Y A
TGt A i oo - W — 0 (4 TR R Y
Z ) YA A A B 1, JEHIIE A 0,

B EREAL T Hardy-Weinberg VIR ST, i
JH POPGENE 1. 32 Z3 T 4 A+ K 7 i K
SRS ASEL U E 43R I A R (A,) A
BUEEALIE B (A,) | Shannon {5 S48 EL (1) Nei's F
PRI AR B (RIS B4 5 H,) (Nei, 1973) JEHE
MEER MR (H,) JBRREN R ZHE (H) JE#E
[BI LR AL REL(G,) Ml Nei's it AL R (D) Mgt
FRIPE R B

FET AL AR UM F B, T3 NTSYS-pe 2. 1

M eml 2 3 4 56 7 8 9 10

XA K 25 Fa R A TR A C X 3 AR 45 8% (UPG-
MA , unweighted pair group method using arithmetic av-
erage) WA 43H7 ; R ARLEQUIN 2. 1 3447 4
FJ7 2 77 ¥t ( AMOVA, analysis of molecular vari-
ance ) , fili ) 35t 1% 7% S 75 5 B PN R R 1) B9 C LE
T,

2 ZRE5HH

2.1 #HEBRBENEEASHENE

20 Z55 | WX HESE 16 A~ [ SR B HE 449 MR E
5 ISSR 43#7 , JLAG I 2 437 15 379 4, Horp 2854
RO3T8 A(HY GEE RILEN 1 .2) . BG4
14 ~23 N ZEMALE BT W77 2 8
£ 18.9 1,

12 13 14 1516 17 18 19 20 21 22 213

1 3|49 836 3t R ILB BRI IGIET
Fig.1 ISSR bands amplified with primer 836 from Leshan population
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14 4%

13 14

27 27
22 23 1

18 19 20 21

2 5|4 824 M HE IERR Y IGIET
Fig.2 ISSR bands amplified with primer 824 from Huangshan population

HET L ZHEEACEAE YRR R R 2 A2 3R
IAE (R 3) ,FEYPIKF- L 28RO 5 A 738 H
99.74% , o T M s AL Z AR L Ned's Ji
N RERE (H,) 9 0. 2950, Shannon 15 B35 % (1) K
0.4522, TEJEBEKF I, ZBMEN 8 H 5 R 1E
36.94% ~53.30% Z[0], ¥k 46.09% , isttf 2+
PEACEARAG . Herb 22 AT 05 5 502 0 8 ) 2 P
JEHEN 53.30% , AR A A B V- JE BE 36.94% (i 1L
JERE 37, 20% FGEIRJERE 37.99% , JEEER) Nei's
HZFERE (H,) 7F 0.1202 ~ 0. 1861 Z &), F-H K
0. 1573 ;Shannon {5 B 8407 0. 1817 ~0. 2781 Z[H],
344 0. 2357, Nei's F K Z #E E Fl Shannon 5 B 35
B2 B KNG TR 5 E R i R/

R3 HE16IMEHNBEESHEESH

A—F,
2.2 #HEBARBHNEEEHMNEES L
POPGENE 43 #7485 5 3¢ B s JEREIKE Shannon {2

BIEHCH 0.2357, i B2 519 52. 12% 5 Nei's

Pk

FHEZHERE N 0. 1573, i Bt A8 19 53.32% ,,
JEBENR] BB AL L R G, R 0. 4460 , LR N, R
0.5730, FEFEG/NT 1, BEH JE B [A] 58 X i s 72 i
AR R R A 35 15 0 Ak R B G, 0. 4460, 38578 T
JE R ) A2 A6 W) o () 8t 4% 401k, AMOVA 43 #7245 21
W— R (FK4), BRAF P 47.49% (P <
0.0010) i BL7E B BE 7], 52.51% (P <0.0010) H
PUAE B RE N, T U A S Jm ) R A T KR
HOFCY s Ao

Table 3 Genetic diversity parameters of 16 C. henryi populations

i PURIIE 2 A AREFL Nei’s 3£ H Shannon ZEMM A ZBEESE
Population FF%A, FEFE A, ZIEE H, HEIER No. of PL (% ) PPL
R4°F Nanping 1. 3694 1.2033 0. 1202 0. 1817 140 36. 94
# 111 Huangshan 1. 3720 1.2365 0. 1354 0. 2001 141 37.20
YEIR Ziyuan 1.3799 1.2345 0. 1348 0. 2004 144 37.99
i Anji 1.4142 1.2572 0. 1486 0.2210 157 41.42
fillJF Xianju 1. 4222 1.2598 0. 1506 0. 2240 160 42.22
E 4 Yichun 1.4274 1.2506 0. 1483 0.2224 162 42.74
F38 Fangxian 1.4380 1. 2464 0. 1459 0. 2201 166 43. 80
‘HE Yichang 1.4591 1.2374 0. 1434 0. 2190 174 45.91
HRH Chenzhou 1. 4908 1. 2966 0.1717 0. 2560 186 49. 08
LA Kaili 1. 4960 1.2777 0. 1644 0. 2481 188 49. 60
SR1LI Leshan 1. 5092 1. 3060 0. 1769 0. 2640 193 50. 92
HRITHE Dujiangyan 1.5119 1.2819 0. 1654 0. 2496 194 51.19
HAIE Zhaotong 1.5145 1.3084 0. 1785 0. 2662 195 51.45
PEJE Qingyuan 1.5172 1.2927 0. 1709 0. 2568 196 51.72
¥ Jingzhou 1.5198 1. 3022 0. 1762 0. 2644 197 51.98
PG Xiangxi 1.5330 1.3191 0. 1861 0.2781 202 53.30
JEHE/KSF Population level 1. 4609 1. 2694 0. 1573 0.2357 175 46.09
Pyt K- Species level 1. 9974 1. 4869 0. 2950 0. 4522 378 99.74
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T4 HE16 MFEBREH 9 MNEHNSTFERST
Table 4 Analysis of molecular variance ( AMOVA ) for 449

individuals in sixteen populations of C. henryi

75 5 SR BRAM AAE
£ £
- HEE Ok o PAH
Source of Variation of (%)

df SS P value
variation components Percentage
JE IR 15 13454.030 31.07166  47.49  <0.0010
Among
populations
JEREN 433 14916.407 34.35200 52.51 <0.0010
Within
populations

BF Total 448 28370.37  65.42366 — —

2.3 BELW

FRE Nei's A% AL R 5L, H NTSYS-pe 2. 1
AR 16 A~ AR EREVETT UPGMA 201,16 4~
JE i IR — U8 SRS A R B o 2 K
5 AWA(KEZ) P BTG IR et L — BUE i
i L B T, R R AE— R, e 5 E B TR
RA—Z MmN PEoT e BEE S A fE R
R AE R AE— 3, A6 F 74 g 1L DX 1% 4 LU AR VL HE R
TR 3815 — 250 th s HLAth R P oy, R e SR S, ki
A S WERAE— 3, ARG 5ROt 3 MERER N —
25 WIRE Y 3 1 B H At A 1) A a5t 1 — 50
AL I B AL T b [A) A 22 3 AR Fa A 5 H
fib B a8 1% — BUZ BAR, AL BE B AL, 7 0. 81 1]
(B 55 oA FE E SR S 5 3% — BB I I A e T 8
LU g - 8 P HAth 14 AN R IR, — 8 e 5 HA
14 DNEFERAE I,

i

=

o I
HRTHE

Pt

iz
Lo

i

==
HE

MR

PG
byl

==
=z H

‘ T

T T T T T T T T ‘ T
0.79 0.82 0.86

WAEFHLLZREL Coefficient

B3 #HEEKRBHEET Nei's BE—HEHN UPGMA B
Fig.3 UPGMA dendrogram for 16 C. henryi natural populations based on Nei’s genetic identity
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J. L. Hamrick 25181 5t 655 Fkt ) (1) 3814 22 R
PESEAT B 5T, 115 Hh 8518 . R E KO 1 1848 Z AR
(H,) 4 0. 1500, ZAPENLS EH 43R (PPL) 4 51.30%
JEREACE B ZREME (H,) R 0. 1130, 2 8507 5
HAT#(PPL ) h 34.60% , " E JE @AY HA 55
(3 2 PR /K, B 72 3l g X AR T 4 A
AR TAREE BE R AP TR SEMN TE [ SR JR Y

L PR BE T 20T, O 5 RO SR BE T 45 R 2 AT
TR, BB P E AR EEA 1 AL 2 R B3
1 T SR YH AN 5, A Sy v 1 K iy o SR M 1
A% ZZ R bl s BREAE R T R TR A X 5
3 A EREA RS S5 HESLAY 30 SR AR (A
HESE 3 ANERE, Bk HEE 58 B 12
F YR 20 LRI T AR MR AL 25 H 0 AT
WA 3 AR R A b B A i 9 3 1L 2 R K
-, ELAR SEAE R FE KPR AT B 3 S
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(R AE 2R s FER R KO b B SR 2 5P A
H %1k 90.00% , 5 58 K 82.40% , 1M 4t FEAL Ky
76.50% ., TE )& B AT HETE 0 2 B A H 3 R
H 66.67% .

AW HETELE Y RIACY R 28 S E 4y
Rk 99. 7% UG E THIYIH) HARKF-(51.30% ) 5 I
BEKFAE 36.94% ~53.30% 2 [a], = FAE Y 0 H
SRRV (34.60% ) , RBEIRHESE A £ &8 sl 2
BEPE, H 5 BRSP4 B 58 45 S A BT AN TR, 98 R
,— 7 T ] -5 BURE 7 A G AR 98 DAHE S 1 2R
3 AT DX RS Jry BBORE , 4 S Ja R ASGA 31 16 A HURE
ot HAES BN ARSI ; 75—,
IR AN AR SO ISSR 43 FRRic R T &
G, AETE H AR BT K B L ZRE T T e
BT (1) HESE W ZARAE TR i KT R, B T A i) S
Y, BA SN e, SERNERE
F 5 (2) Hb B A7 3 161 2 e o A 00 0 st AL 2
PR TR, 8040 DX ) T HA R st
MK, RZ s Z MK BN, HESE 53
A TR LIFE ] R WA el LU X 3 55 VL
LT 10 2T (AR IX) 4 TR TR 4 AT X
Pifh, X ATRe RIS 2R R I E R

o DR ) 1 A 5 2 S R Vg R S A A
PIRER (£ 1) A 16 AN JF#E M 15t 1% Z K7
WAFTER R 225 . WFST & BN VG J i as A4 2 AR MK
AR H A 15 4N JE R (PPL =53.3% ,H, =0. 1861 ,
1=0.2781) 497 #0940 G 3t X Sy 4 0 35t 4% 22 R 1k
B AW i T RN N S s RS i kP 2 = 2 G )5
O MRIERE AR AR BRI 45 R, KT
S50 o A 240 i s b X R H R S A 35 A 2R
HC RIS AR 22 R B IR A0 A rhocs ) 26 SE R S
VR AR B, LA VT 90 Sl e T A (A 4 B30 )
(38 ZZREPE K- (70. 6% ) BEARIEGE &, ABL.5T 35 2
T R HE S B A A L M RRRAIE S IR, AR
AF 5 HH IV e DX S 0% U e B AR IR ) A A
35T 2 R 2RO 5 At b X g, DT A 09 P
b DXR o S35 AL 2R I B A

CABFFE R, AR SE [ AR R Y 5 A% 4
P, J T P B st A5 A8 S 45 K T R e () Ay 1920200
HZAH, HESE A AR R B R B R R s
fB(G, =0.4460;N, =0.5730) , Wright 53§ 1, 40
N, <1, st f4 AR mT LS 350 B ) B 8 ) gt 1% 43
b, X IR AL AR AR KRR L R Wi o SR AR
JE BRI AL AR S A B E 9, 4 F O 22 50 T ( AMO-

VA) BF 58 7, 4E SE 17 AR B 6] A9 35t A% A8 S5 o
47.49% ,JERE N B 845 728 AL 52.51% , i —2F
FEHE TR R e A T R R R B st A5 oAk, (LTS
UBRBENN E, #E5EE T) A, e i),
5 JE TR 1) by IR 25 06, mT B 5 W 5 AR [ ) ik PR 52
it , 1 R R I 27 R, 1 T S0 B ]38t A% Ak
5 BEAN AN TR b D /INS A AT 1, A 32 o8 e S S
AAEIRBE R 22 53, 5 IR ARSI S i KA A 4R 16
P, (A S T 7 24 ) Jey 38 B 5 110 35 1 1 5 A B %
b, N iE SR SR 0 T80 IR, BB — e R
S A 15t A% 43 A E A S JE A PN RN A 1 1Y) 0

B 11 b P53 A0 R 35 2 PR A A I LR
FASEHE ) FEARTFIE | MR HiE 45 S8 AR 1] 110 38 1 1
FE AL A IE R B ST R 16 AN TRTER N
2 K5 A, b o T4 S A Tl Ay s 3 A %
RARLER ATLUE I, 52 SRR B, R A T e i
Jr ELFVEL B 11 b PRI B T, AR T SR B TR
HJa T o0 E R 5 b B R B AR —, [RIRE, Wi
MALE BRI %7 3 AR A B — R, &
JaE 5 b P43 A SIS 1) 43 A T ULV ) B SR AR
BR—3, MK ICSAMEREA RN — 3, e
AR5 SN AL & B S T IR OT B R R 28, R bk iy
b B 537 R B S A A DG 5 oA TR Y
HBON PG I 3 AN B HE AL T P4 R b XA SR L
HRYTHE FEIE 3 N EEEA R RAE T —ie, R
T MBS AL ARV R AR e . AR ST SS
HRT, Qn ey R ) DB A S A () b 383 A s b 2
I B9 55 A R B )2 5 HL A AH G A 1 TR
HE D& ATT A Yo A Tt A2 1 1 0 b P 5 2 ) ) A
e AT b PR B s A AT

HEURIRE S 2 IR, AR KA AR B UK F
M T ST ) 5 A AR A A R A SR B R RE R
Fr, ABH XS HEMAG BRI G BR T R
SR ARSI A A RS R P A i S T U
FN - HBEIR TR AR HE S A RN
AHIFGEE YR ISSR 43 F-bric £ AR Xk 58 {48 %%
IR TR I AT R GE 8t 15 ZREVE BTl 9T, X
T T fip A R B R 0 A R, AT AT 2 A R AR
P SRR S AT R R SR B B R L, WP HLIX
FEIR AR, AT B A O AR A A A P s AR R A
LRV AT O AT T A R O R R
(B A SRR 75 B F SO s A s B — SR A E AR
— B AR I, T AT AR A BEIR IR, R
R SEAZ O T PR T R ZE A B2 AR i
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