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Abstract: Objective Aquilaria sinensis, a precious medicinal plant with high economic value, has been driven to the brink of depletion due
to the long-term overexploitation of natural resources and ecological destruction by anthropogenic activities. There are only scattered wild
resources of A. sinensis. In order to better protect and utilize schistosomiaceae, the genetic diversity of Aquilaria sinensis was analyzed.
Methods A total of 232 samples of 4. sinensis were collected from 14 areas in China and its genetic diversity was evaluated with ISSR
markers. Results High levels of polymorphism (100%) were observed, indicating that ISSR was an efficient method to detect genetic
diversity of wild 4. sinensis. All samples were genetically analyzed and divided into four major clusters at the similarity coefficient of 0.71.
The highest He and [ values were observed in XL population and most genetic variations occurred among populations. The analysis of
population structure showed that 14 populations were strictly divided by region and source, indicating that there was little gene exchange
among A. sinensis resources. Conclusion There was a good genetic diversity in A. sinensis resources. Due to the sharp decrease of wild
resources, the protection, breeding and utilization of A. sinensis resources should be strengthened.
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Table 1 Geographic information of 14 populations of A. sinensis

T TR) e SRAEH A a4 (N £ (B)
MMI1-10 10 I RS BAXTIE WL 21.69° 111.18°
781-20 20 JoAR AL R L A S AR X 22.52° 113.38°
CC1-22 22 JTARBENE D LIRS N 23.30° 114.51°
XL1-22 22 TR AR R R R 22.69° 114.76°
GQ1-9 9 2R R ERBE X v FH A X S50 22.85° 114.58°
SZ1-23 23 T AR IR L 20 5 2 el 22.58° 113.08°
YC1-6 6 IR BHYL PR T AT AR 22.37° 112.02°
DH1-4 4 IR R 23.18° 112.54°
DG1-24 24 J7ARZREE R LT A Bkt 22.91° 113.78°
YZS1-13 13 MR AT 5 T AT 19.99° 110.25°
SJ1-14 14 A TSR 22 X =R 19.86° 110.61°
BWL1-22 22 A EVLEG BB IR 19.10° 109.20°
NYY1-22 22 =rA T 2 22.01° 100.79°
MS1-21 21 BEE R BIR 24l 22.13° 100.68°

1.2 iKFI5E

Bl (L[ Sigma AF]); MI-54A B 5 He 28970 K B A

TR R 41 DNA $2HUG7 & (GMbiolab Co.,
TW), PCR premix 4 § Takara (T) 8¢ Zoman (Z).
DL-600C B HLYKAX (AEATARM BB AEYIRA IR 2
] ); BG-subMIDI U/ HLUKRE CIERtT S A4
ARER 2 F); Nanodrop ND-1000 % 5 6 & it
(Thermo %], KE); 3KI5 B & 2 mElA &0

G AR B A& A IR A FD .
2 FHE
2.1 BAEEEYE DNA HIREN SN

AR AARFEFE S R 100 mg M, SRE
AURJETEE RO R, 8 LK 20 DNA FEEGR
FUIEAMRIKSEE AR EIE K 2] DNA. KA 0.8%35JIE
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FEGERE FERLI DNA LS B &, F7E A260 n/ 4280 nm
F A230 nmlAa60 nm P TR DNA FIHEERI4EEE,
FFE BEORIFEM T—20 C FRE&

2.2 ISSR-PCR [ RZFI&5

PCR 1K FR (20 uL) 1, HHEKEN:
DNA 542 10 ng/20 uL, 514 (5 umol/L) 1.5 L,
dNTP 0.6 mmol/L, Mg?" 3 mmol/L, Taq DNA %&
M 2.4 U/20 pL, 514 0.2 pmol/L.

PCR ¥ 14FEF N: 94 CHIAM 4 min, 94 C
AN 30, 519 T fH TIBK 455, 72 “CHEMH 2 min,
HEAT 34 MEER, 72 "CIEMH 10 min, )5 4 CIRAT

PCR Z5% J5, HXU5~6 uL PCR P20 2%3
HERE LI S REAL R, HLIKEMBCN 1 X TAE, ¥kt
JREHE 100 V {2 B K N HLK 45 min, Hefh, BHJE1E
B G R8P ER
2.3 ISSR ZA5|¥IHYTHIE

IEFEINEREHE LIRS (UBC) A4l 100
% ISSR M 51T IRE, LIS 2L, 12
SEM ISSR B4, [FIK i T % 51 ¥3& A PCR
Premix A& A HIIE KR
24 HIESHR

{8 Quantity One 73 HrE AR B AN TR B IE B
I F vk B b &k 26 A E R FOE RS AR, AR
MR ATIRE, iR E LN “17, %
AR E 25T UE A “07, F Excel 2010 Hr ST
TOCERAERE, TR T

12 I NTSYS-PC Gih-# it H AL R 2 (DICE
REO, I HIZE LI BT UPGMA K0T,
i#i Deenter A8 #1531 — 4k 3 ALFR I HTE] (PCoA)
FIFH %A STRUCTURE v.2.3.4 X AT F R %5 5
BEAT B GERI S HT

iZ i POPGENE 32 ver.1.32 8 1H 84 177 4)
RIMLI A BRI (N RS RERNE (Ne)
Nei’s I EZFE (H). Shannon’s {2 8385 (D.
ZAMAL SR 2N A E R BB
fERR B 5S40, dhAh, R BRI R 5 AL 2 ARk
(HO~ BENPIBHE ZFEE (HO 8E 00 R %L
(G RV (Nm) KA Rl B 2285 44 RO P
FUBLHAT TV o
3 ER55%H
3.1 ENS|MITHER S

BEALZERE 3 MBI 3 43 AR E i U3 A
4 DNA ERFERT, XF 100 2% ISSR 5| ¥HE T ik,

AR 12 A thm, EEML. KHEW
519

FIFHIX 12 2% ISSR 54%F 232 4 Flma 24T
WL 2R, LR 357 KAk, B&GIY
R B 1) A BN T 18~49, TFIRR26 51 R 5]
M ECh 30 %, KA BORNEEAR FEFRTE
200~2500 bp. ¥ 35U £ 15144 UBC856,
Zik 49 %, VHE A EUR /D8 UBC826 Al
UBCS887, 1 18 %k, 357 2k N B4,
ZEMEFM LN 100%. FE5IYIRITHIELS 50
* 2.

R2 12 F£INIHFEER
Table 2 Sequences and amplification results of 12 ISSR

primers
" SRS yHmG 2% PCR OB
(5°-3) W W premix /T
UBC807 (AG)T 32 32 T 48.5
UBC808  (AG)sC 29 29 T 53.0
UBC809 (AG) G 36 36 Y/ 52.0
UBC810  (GA)sT 31 31 Z 512
UBC8Il  (GA)C 20 20 Y/ 52.0
UBC826 (ACkC 18 18 T 512
UBC827 (AC)sG 21 21 T 419
UBC834  (AG)YT 43 43 Y/ 533
UBC840  (GA)sYT 22 22 T 49.9
UBC856  (AC)s YA 49 49 Z 55.5
UBC886 VDV (CT) 38 38 T 49.8
UBC887  DVD(TC)s 18 18 T 4938
TfE 2975 2975 - -
2t 357 357 - -

T-Takara A#] ] PCR 514 Z-Zoman A %] 514
T-PCR premix from Takara Z-PCR premix from Zoman

3.2 ET ISSR S FHRc B AREFIRE B

14 N JERE AR F AL 2 FEVEFR B3R 3.
H N 0.260 5+0.016 5, Hs 4 0.112 7£0.016 5.
Gse N 0.567 6 (>0.5), W Rl a] 17 75 & 1
WAL Nm N 0.381 0, 15 B Fft 7 1] 32 [R i 3
LIS

HEAE 0.080 6~0.147 9 (£ 3). 7 14 Mt
B (XL KIS (43.98%), S
il (DH) FIEYIERIAL (SZ) Ak (23.53%). Fi
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Table 3 Genetic diversity in 14 populations of 4. sinensis
ERE HAEE N Ne H 1 Z AP (NPL) ZAMEAL LR (PPL) /%

M 10 1.2829 1.1751 0.1007 0.1498 101 28.29
ZS 20 13697 1.1879 0.1115 0.1699 132 36.97
CC 22 1.4090 12303 0.1359 0.2042 146 40.90
XL 22 14398 12548 0.1479 0.2214 157 43.98
GQ 9 1.2465 1.1870 0.1029 0.1485 88 24.65
SZ 23 1.2353 1.1632 0.0919 0.1344 84 23.53
YC 6 1.2437 1.1761 0.0980 0.1427 87 24.37
DH 4 1.2353 1.1573 0.0896 0.1323 84 23.53
DG 24 13361 1.2084 0.1208 0.1795 120 33.61
YZS 13 13641 1.2151 0.1243 0.1859 130 36.41
SJ 14 13641 12056 0.1204 0.1815 130 36.41
BWL 22 1.2857 1.1942 0.1095 0.1604 102 28.57
NYY 22 1.2969 1.1799 0.1062 0.1587 106 29.69
MS 21 13669 1.1981 0.1177 0.1782 131 36.69
FME 17 1.3197 1.1952 0.1127 0.1677 114 31.97

WRNGBE SRR o L2 B R EHK .6
AR AL Z REVER U B TP 8K, B2
B (XL A (CO). HRFEKKLIL (DG).
R R F T (YZS). R =14 (SI) I

ZHBIRSZ (MS).

KD TFIZEDT (AMOVA) X FAARERHANR]
D TREFHAT N (B 4), BEBHEZ R, BRI
BEZFEN 61.84%, HHARNEE ZFHH 38.16%.

*4 BAFHFEELRH AMOVA 74

Table 4 Analysis of molecular variance (AMOVA) for population of A. sinensis

B e VR H A FIi A JiFE Sy A5 S L A5 /% PH
JEHEA 218 4375.61 20.07 38.16 <0.001
S [A] 13 7180.15 32.53 61.84 <0.001
it 231 11 555.76 52.60 100.00

33 BESH

FIFH UPGMA 7k T3R8, FFMg i 232 iy
HAREMEREERE, WE1FaTbEH, 3
FERE B BB TS A 0.66 % 0.96, M4BI{EN 0.71
B, 14 MERERFEERN 4 H B R 5AEHE
(MM. CC. XL. GQ Al SZ) #Hl— K, ¥ 7
ANERE BNER . 3 AR L ARE) AR
KEHE.

UEAk, 2L EE B A HUE AT 0.66~0.68 K,
ZHMEAE NYY WFBERAE—, HAh 210 4
AMERREE 2 3. RRLE R I FAFR s R an &
2 FiR. XKL A B R R L — .

FIF STRUCTURE 45 232 /N FAAR A P i %t
JRHHAT T IR AE R b 24 K=13 If AK K (F
2). MAESHTEE R, 2 K=13 i Al LS )& B A
Beit (B 3). NEMEEARRA R, &%H
R IRGARER AR FREESEH LT A% d
X FHRIR AT XI5 -

4 e

DA ARA YR B 2R, R
INBEIARZ BR300, X — A E AT 7 A A
FAAREFMEREE (H H80.2318, ETXT
HAEPIRIEIE (0.190 00 FIXIEPEREY) (0.220 0)
ARERA (1) AR > i e R 2 RE 1
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Fig.1 Dendrogram of 232 A. sinensis germplasm
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Fig. 2 Structure estimation of populations for K ranging
from one to fifteen by AK
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El3 232 REAEMEMEEHIH (K=13)
Fig. 3 Population structure of 232 A. sinensis germplasm (K=13)
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