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5= i ISSR 4 TARICH RN B AF (4quilaria sinensis (Lour.) Gilg) i ZREMEFIT AT . SREW, AAEY
KR 1E SRR, TR BT SR M 2 R BUR, ) RRE BB 2T RR. ARERE
BRI BIEME, BIEEMERE Gy =0.4425, RPBFHNBEELHERTEHRN 2. UPGMA R4
WRABARESMEATMER, HPIER I B AR BEIEEN S BEHAR, ERTH) B 803 ME#d
Bo BRI M EE AR Z IR Wm =0.6633 <1), FHE FE=A TR ERE, MR MM EHEIEBLH
SRR AR E (Vm 53518 1.4382 F11.2333), iR ML RE FE R R E , Al RZFAA = FF 1L BKE
TR R R B , AR R i T R AR B 35
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Studies on Genetic Diversity of Aquilaria sinensis

w1 . 1 1% =2
JIA Wen-jie', LI En-xiang', YANG Bo-yun" , LIU Dong-xiao
(1. College of Life Sciences, Nanchang University, Nanchang 330047, China; 2. Guanxiang
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Abstract: The genetic diversity of Aquilaria sinensis (Lour.) Gilg was investigated by using ISSR molecular
markers. The results showed that there was high genetic diversity at the species level, and relatively low at the
population level, in which the Maoming population (MM) had the highest genetic diversity. Significant genetic
differentiation was found among populations of A. sinensis with Ggr = 0.4425, it showed that the genetic
differentiation within population was bigger than that between populations. The analyses of UPGMA and PCA
revealed that 8 populations of 4. sinensis were divided into two lineages, lineage I included 5 populations located
in Guangdong (MM, GG and GZ), Fujian (FJ) and Hainan (HN), and lincage II comprised 3 populations in
Guangxi (GX) and Yunnan (YX and YM). At species level, the gene flow with Nm =0.6633 <1 was very limited,
which lead to high differentiation among populations. The limitation of gene flow mostly occurred between two
lineages, while the gene flow was frequent within lineage with Nm >1 in recent historical period. The main reason
of genetic differentiation was geographical factors, which Yunkai Mountains located at borderline of two lineages
hindered the gene flow between two lineages.
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WE BA AAREEBE S THAR MY
FROT BRIE AL R E T MBI, 8 XA
FF=e AR EETRES TEE, BRET
ISSR P FARIC AR AR F R B 2SR
BRGRANS FEINART RIS, MR
JH ISSR FARXT AARE B 5 SRR TR A 45
HIRBEFE i AR . ABFFTRA ISSR BAX HA
B ERHATONR , T R RR L SRR R
fe4itly, ARt A EM R A AT RREMS
BRI AEAR R

2 FARLFI B
2.1 LB
H AR (Aquilaria sinensis (Lour.) Gilgy R B &

*1

ZRZ5(GD) KA MMYFIS~ M (GZ). B T B (HN),
AR (FY) ) P8 T (GX). = B P9 WU 45 (YX)
MBEYMER Do KPS RARTEM=EIRINE B
HERER, HEER IV YMBEAMENER. &
NEFERE 7~35 MY, BRAELR B A ILE
RE1~2 Ak, ERREFEBNESE BIKR
SR, FE A B BRI AR T F o
DNA F 5 R £ 0 P RE RS T8

2.2 EFE 4 DNA 125

B 127 MR TR S BB AR GE.
A% & DNA #2BCR LR CTAB X, A
TS FABLE , A4 KEEDT HH # DNA Bkt , vT A 3L
7% DNA 2R, F 1.0% SA8 M s Jk s 1 DNA
TR B 23 Y6 R I s el i AR

FRIRE
Table 1 Material tested

ok
Code

RfEH
Locality

GE
Latitude

E2); 3
Longitude

SERR
A4 Annual

sunshine hours

FEME
Annual
rainfall (mm)

4EIIR(C)
Annual average

temperature

iR
Geomorphic
type

g
Sample

size

GD IHRFE

Dongguan,
Guangdong

I HRRA

Maomin,

22°57"  113°45

40 21°40'  111°11°

Guangdong
HBEEE

Tunchang,
Hainan
TR
Zhangpu,
Fujian
IEET

Nanning,

150 19°28'  109°45'

FI 400 23°24'  103°47

GX 81 21°23'  110°41

Guangxi

SHE TR
Xishuangbanna,

570 21°48'  101°25°

Yunnan

S B
Mengla,

Yunnan
TR

Guangzhou,
Guangdong

540 21°43'  101°30’

GZ 326 32°10'  113°21°

2098

1756

2000

2002

1610

1691

1685

1767.4

1796 232 £Hb Platform 35

1856 22.7 £Hb Platform 15

2180 23.4 B Hil 15

19423 23 B Hil 16

1350 213 £Hb Platform 16

1556.8 21.4 SEJR Phin

1562.3 214 SEJE Phin 17

16195 22.8 £Hb Platform
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2.3 ISSR PCR Ha7n# il

ISSR 5| ¥ 2R #EINE K British Columbia K%
AKFEFIETT, B B TARS M. 74 B
PR &R B 2 MEAR, A 100 N5 | 97 0p 0k H 1
FHEBREGSBR.ERIEWN 16 X3IWAT
ISSR-PCR 2 )%, 7F 25 pL PCR WA, &4
1 x PCR buffer,1.1 U Tag DNA RAHH( R el
ER AR AA), 4 f dANTPs 4 200 pmol/L,
0.4 wmol/L5| #),2.0 mmol/L MgCl,, 100 ng
DNA, BEY BT N 94CHEM: 5 min, R)5
45 NEIR: 94CAEM: 45 o , BB ERELT UM
TM {EBE{I 1~2C,45 §,72°C IR 75 s, JEH L5 R
JG 72°C M 7 min, 4 CLRAF. 1.5% HRABKEHIK,EB
Bofa S5 AT R IR AR o

2.4 BRI

*F ISSR HEL UK BE B B #E 4T A TR, Fl—51 9
Y=Y BB AR RO N BA FEH:, A
[FER A Ly WM R 1,3 B HC R 0, #ar
ZAYHRER, BT E VPSR ISSR REEIRAE
%, R4E POPGENE1.32P B &M fE% B4
/N EBTHE(PPB) A BE N EE S (Le) i E
FBE(He) BFRIFBIBEW), I EMBABE
7B S (Hp ) FF0 B N I 84578 57 (H; ); SR AMOVA-
PREP version 1.01° fl WINAMOVAL.55 #4517
BT E B P 3 B E) 19 388 15 43t KO (Pgr )5 A

NTSYSpe 2.1 B4 H B ) Nei #7014 R,
FHBFTREDHT

CRAES

3.1 ARBHEESHES T

HERH 8 NEEE 127 BREAARFEZ PCR Y, 3R
13 156 ZIEMIH I, o 132 KZAZBEEW,
SERI R | Yy R R 10 4%

YK LB SE 2 E(PPB)A
84.62% , N EFE B (Na)y 1.8462 , 8 3k % v K
B(Ne) A 1.4378, HEH 22 F1 ¥ (He) ly 0.2643,
Shannon 5 B2 84 (1) 7 0.4038, 7EJE AKX
S & ,PPB 4 38.78% ,Na & 1.3878 ,Ne A 1.2637,
He %3 0.1497, 1 25 0.2196, 8 /& & PPB Xy
21.15%~ 57.69% , Na 5 1.2115 ~ 1.5769, Ne 4
1.1557~1.4191,He ¥ 0.0848 ~ 0.2343,1 ¥ 0.1230 ~
03407, HH B ZHEKEESN A MM &R
(PPB=57.69% ,He =0.2343,1 =0.3407), i GZ /&
BN AR (PPB =21.15% , He =0.0848, 1 = 0.1230)
FE2)

3.2 AAEREE LRSI

F|F POPGENE 1.31 43t ##, &% Hardy-
Weinberg 1% 5 V4 , 1HE A FE BRI 845 7K
F(Ge)o ZERFN, 8 NEHBNBRETR H AN
0.2684, B HE N BRIEE R H o 0.1497, BRI

£2 EAESIEFHOBEEESHYE
Table 2 The genetic variation in 8 populations of 4. sinensis by ISSR

B AR Number
Population of samples i Na Ne e !
DG 35 41.03 14103 1.2459 0.1454 02175
FJ 16 34.62 13462 1.2425 0.1372 0.2003
HN 15 46.79 14679 13232 0.1839 0.2689
MM 15 57.69 1.5769 1.4191 02343 0.3407
GX 16 41.03 14103 1.2889 0.1626 0.2374
X 7 2949 12949 1.1985 0.1114 0.1638
™ 17 38.46 13846 1.2358 0.1377 0.2052
GZ 6 21.15 12115 1.1557 0.0848 0.1230
E3 Average 15 38.78 13878 12637 0.1497 0.2196
Yk Total 127 84.62 1.8462 1.4378 0.2643 0.4038

PPB. £ MKW H 4338 Percentage of polymorphic bands; Na: 2 FH ¥ Number of alkles
per bocus; Ne: 5 3 %1 3 H % Effectine number of alleles per locus; He: i B8 24 M & Expected
heterozygosity; I: Shannon 15 B £ #E#E 5 # Shannon’s information index. 3% 3 [F], The same as

Table 3.
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BRI Gir=0.4425 , R BHBREER
i 44.25% FEAE T /B BE ], 55.75% FEE T B 8
W, EEANERKFREEAN, BRENEER
Nm =0.6300 <1, KB EHEKNEFZREEFR

i&_‘ﬂi‘ﬁﬁ AMOVA ﬁﬁ, %%%Eﬁ ’ ¢ST {Ej@
04354, BI7E B R ZEF A 56.46% MR K
AR RREN ,43.54% A T RBEE, BREAAE R
] B 22 B % B3 (P <0.0002), AMOVA 458 5
POPGENE R KE—3, BMTEHRAAARE
SRERBZAARRNE G, BERETR FEF
HETREHN,

3IBESH

FIF NTSYS-pe 34 %t Neps 38 1% 5 25 k47
UPGMA B4 (E 1), WLUEH, AAE 8 NFE
BRI AP XGER), R [ 1 DG 1 GZ B #E5E
B8, EAKYKA FILHEN f1 MM BREBRAE—E, 1%
A GX M YX BEARE, B YM B%E, XK
BB ML EERAE T DG.GZ. FI.HN.MM JE##
5 GX. YX.YM BEZ .,

KIBRERIRE R EEBEBES NE
F(GG.GZ.MM.FI . HN) ) -3 850 8B 70 R
(PPB)j 40.26% , Shannon £ R385k 0.23 , He
BEXRN0ISTLERNRET .3 NER
(GX.YX.YM)KJ PPB % 36.32% , Shannon £ £t
FEH K 02021 ,He 16 % 0.1372, L, 1B Z& 1 i
A IR EZHHKER,

FIFH POPGENE 1.31 S8 84347 B4~ &

i H ! i 4
0.300 0.225 0.1 I5() 0.075 0.000

FBAEEE RS Genetic distance
Bl1 BAREFEERME Nets BEIEREK UPGMA KR

Fig. 1 Dendrogram of genetic relationships among 8
populations of 4. sinensis using UPGMA

HIAELEH 3 R T 8% 70k RE(Ge =0.2885)
KRTIER 1 (Ggr =0.2580), W BERT WFIKFH
4425% s EERNER I Wm =1 B382) K TiE R 1
(Nm =1.2333), I & TY# KT 0.6300,
AMOVA 73172, 15 & T B9 b 0.1921, BP
80.79% M R AEFEBHEN ,19.21% FAETE#
], 1R I ¢r=0.3204, BREN R K TR,
RERAE FET 40.27% , EE W Nm =0.7116,
% RN BRI BREERHEA 1437%(FE 4).

4 18

4.1 BAEREE S KM
AEFFEAIA 16 & ISSR I AKRE 8 NE
FEIL 127 MRE TR 348 R 156 457, Hh &

£3 BAES ERBESFELR
Table 3 Comparison of genetic diversity among 8 populations of A. sinensis

B W

2 A Number

Population Number of bands of polymorphic bands PPB ! He
HEFR 1 Group 1
GD 149 64 41.03 02175 0.1454
FJ 151 54 34.62 0.2003 0.1372
HN 150 73 46.79 0.2689 0.1839
MM 148 90 57.69 0.3407 0.2343
GZ 151 33 21.15 0.1230 0.0848
%2 1l Group IT
GX 139 64 41.03 0.2374 0.1626
YX 136 46 29.49 0.1638 0.1114
™ 129 60 38.46 0.2052 0.1377
SEHHE Average 1445 60.5 3878 0.2196 0.1497
PFH K Total 156 132 84.62 0.4038 0.2643
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Table 4 AMOVA analysis between two groups of 4. sinensis

BRFRIR A
Source of Degree of

variation freedom

WA Sum 75 Mean

of square squares

25 RS

Variance

component _coefficient (%)

BREH

Variance

&% 1 Group 1

JE#¥A Within populations 81
JE#£E] Among populations 4

%% 1 Group 11

JE#¥A Within populations 36
JE#£H Among populations 2

% /8 Among group

& APIEFER] Among 6

populations within groups

JE#MN within populations 117

791.01
186.44

375.88
139.55
534.85

333.60

1156.43

9.77
46.61

10.44
69.78
53485

55.60

9.88

9.77
232

10.44
4.92
8.77

3.13

9.88

80.79
1921

67.96
32.04
40.27

14.37

45.36

455 132 4%, PPB 1y 84.62%  ¥IFh /K B BHEE 24
F1 8 (He) &y 0.2643 , Shannon 15 B £ MR E () K
0.4038, H: He & T X F M1 ¥ 59 F ¥ {H (0.91), B%
BT X P A8 7 (0.2200), T 5 Z4EE K FMEY
(0.2500) 48 4", HBEFE ¥ AKF b, He (XK
0.1497 AR T X M 2 1 MY, A0 Rty /NE B
F(Oxytropis glabra,0.1653)" FIENME B RIREIFR I
WA RE(Hippophae rhamnoides ,0.1700)" , F2 8] {4
BYFK T8 2 AR, T8 B KA X
Bk, UMK TPREZHEERSTREARES
T YR 21 T B B AR B B R 3
X, BRI T 2RI B T B AR S0 8 5 52 B 3
WEAREAT N EEH RS, BRI T EH R
AW AN NET X LE, BARFIRK, D
SEHAE, FEEHEN , A FEBREAR
BRI BHBEEOT X, TRER HEH, BT HBER
HARE KA, BRI FAREZHE
BEATEE AR, N IRKE 2B B R R %
ZHk. AREFHEAAERE, BEAZBRE,
WA PR B BEBY EE , B B ARG TS
FEHE (IR R), W BRI 2 AR 53 40, B
THEAE, BH 10~15 do AABTREKERE
ZHERNEREZFEHN: OB TARTR, B
RERBEFBATE, BHNOMEER D, =&
SRIALN , T A 9 I 1818 B REAR, BE
IE QUEAREIAEE4~5 A, 21§
MY, R EREK G RN T % m R R E
WL EREZ M ZEN BT, BEZ 0 RN FHA
W5 G) BARZEK B LUK 3 3 % H 5 B U8 (Heortia
vitessoides)H fi F" s PE W AR F YA BER

FHF D, AR THEY K, XEFRRXHIHEA
AR 22 ) B 2 R 32 2 B, J A 5k = B R A2 U
BHNLRIERESFEER B E 2N R E
Ko TR, BAREFER IR EZHMAK PR YT
BEEYSERE, RAA . BREZ T EEESS
YERIIZE R

HEEAARERHS, MM EBE M BEEESHEER
B, BN S E EE PPB N 57.69% , He ik 3
02343, #HEMZERHEAAREFRIRG S AP0, B
RN TS HLX , Huab i TR, JLE AR R
W, MHERESEE S DS @) HEE,
HFEA BRI, RO, Y X R A X S, [F i
XEAW B ENE, REEEERTHYX &K
BOHX, RPESEERYX REZOHXZ
— AW ZEIBE N RIGHEY), IR R D
(Alsophila spinulosa), X M 5 8k (Cycas micholitzii)
U AAREFBAERS T b B S S, T
JARRA BE MMM T RE SO, BRI
W, AARFAZR RBR WA 8Ot #E— 20k
B, NTITE B T RER BEARERME R, H—
] BB R IZ BT AARE R MERMIIL X,
S5HAMEREFAREER, HOxERER I A
BREMREZHE, T RAEFXAHARETRRE
BB S LA R AR R R TE R A X, A R E A
ARERD AT L, A SF 30 5| Fb 5 7T BB KR,
XETREZBX K AAFTREZHERRNME
HRHEZ—,

4.2 AAEHELESN
AMOVA 73 (3% 6)RM H AR F K B E L R
B b =0.435, BN HBEMLBER TR,
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MRS L, AREFE R AR EHMEB R,
KF 4027% , M RN BRESUHFATOER
[ B9 G 7 0.2156,Nm X 1.4382; i & 1 2 51 %
0288571 1.2333), IR BH MR EZER KA
14.37% . HEWTEBGEM LN, ARE&IE R
WA R ERR, M RE A4 THEH
5tk BAREYFPKFEHEE R A 0.6300 <1, i
H AARE B EEERRER , XSG 2
REETHMERZE, XTREEFHMER L LR
et REEZ—,

TR AT I 7R 2 R 2 R A0 I R A A DR B T
BRAEUTILFE:O)MERE, HAEWHILREE
B BRBERA . £ R AL KHEA R
Jb-FREER R AT RILCKRELSE, B
& —ERR AR B R E WIS R R EH
. R [ AR KEE X, BEH
IR HEE R B HARENT KT —, =F
W REWLE, EMNHASHEBIERTAREFTZHE
BEERH; AT P EAERBNRR, QOES
WHRET R 1 A5 RN E, T
ERINWRZLMEBEE, NEFHIRFEHE,
S4F HRETEL 3 MR EE R T F35K 3
BEETER L, BRAK, PEREBX AR
AERAREE BT AAREEBER MR 4L 24k,
GYXAR, R AT EUILE . yunnanensis
S. C. Huang)fl AARE I R FRER L, 275
WX EMARLBESERENARETHMUS, =
FABIIE R R AR S2 56 B R B (YM) SR SR 3, 2
BEVIEERRARR R E ., IS, B2 E
BERNARENZEBIETREAE —ERER
FEEASH , XFpEFE AT T B8 T B ER 4 AARF R 3
feartb. ZEVEMARER KRG RRETHE
— RIS
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