o I R IE DR IR

JOURNAL OF TROPICAL AND SUBTROPICAL BOTANY

BN BT AL AR IS R XU R )38 % 2 R AR T
BRF, RyE, AFTF, HAL, K, FiE

FIHASL:

T, BN, T, AF. WIVRHR ST A AR o VAR ) 188 1 2RISR, A I IR R 241, 2021, 29(5): 547~
555.

TELR B View online: https:/doi.org/10.11926/jtsh.4364

FRAT AR A SR

Articles you may be interested in

SR XA 5 U385 2R E Y AFLP 23
Genetic Diversity of Horsfieldia pandurifolia Based on AFLP Markers
PG PR 240 2020, 28(3): 271-276  https://doi.org/10.11926/jtsh.4162

Vi P % i AR B IR 12 2 FETE I SRAP /3
Genetic Diversity Analysis of Camellia oleifera Resources Based on SRAP Markers in Hainan Island

PO PATAR Y 4R. 2019, 27(6): 659-668  htips://doi.org/10.11926/jtsh.4027
MR DR S % ZREPE R AFLP A3 HT (6 30)

Genetic Diversity of Scleropyrum wallichianum Based on AFLP Markers

PO B 4. 2019, 27(1): 29-35  https://doi.org/10.11926/jtsh.3908
FTRAD-SNPsS T 19 DU 1 A2k B Al S5 A5 (% AR PRI ST

Studies on Genetic Diversity of Juglans Cultivar Germplasms in Sichuan Based on RAD-SNPs Analysis
PO PR A4 2019, 27(1): 19-28  https:/doi.org/10.11926/jtsb.3906

AR SRS LAY TR 5L AR RIS
Studies on Genetic Diversity of 48 Wild Species of Magnoliaceae in Yunnan

PO B A 274 2020, 28(3): 277-284  https://doi.org/10.11926/jisb.4161

o] FEH L, WYEPDF4C


http://jtsb.scib.ac.cn/
http://jtsb.scib.ac.cn/jtsb_cn/ch/reader/view_abstract.aspx?doi=10.11926/jtsb.4364
http://jtsb.scib.ac.cn/jtsb_cn/ch/reader/view_abstract.aspx?doi=10.11926/jtsb.4162
http://jtsb.scib.ac.cn/jtsb_cn/ch/reader/view_abstract.aspx?doi=10.11926/jtsb.4027
http://jtsb.scib.ac.cn/jtsb_cn/ch/reader/view_abstract.aspx?doi=10.11926/jtsb.3908
http://jtsb.scib.ac.cn/jtsb_cn/ch/reader/view_abstract.aspx?doi=10.11926/jtsb.3906
http://jtsb.scib.ac.cn/jtsb_cn/ch/reader/view_abstract.aspx?doi=10.11926/jtsb.4161

HAn WHF P EI 2021, 29(5): 547 ~ 555
Journal of Tropical and Subtropical Botany

B /INH A T A AR P XA 38 A% 2 AR
KAF 12 GRS, EFE S KA KRS, Fie 1

(1. HEEFEBE RN AT, B 650223; 2. GRS Fkt, WL &/ 318000; 3. DY) KREMFIEMFikt, R#S 610081; 4. H
EAEEBEZOEYIE, =5 B 666303; 5. EEAR A, JLH 100049)

WE: JytRu i KW (Horsfieldia hainanensis) ¥ B X, 1 BR ] 141 D) (2 R 9% £ DNA I 7 H AR (RAD-seq) T
PH IR 2 ASTE(SNPS), VAL FERE IR AL ZAEPERB M S50 . S5 RRW], IR ARG ) 8% 22 A PE R iR (Ho=0.167), Hrd BWL
JE TR foe e (K0 A% 2N s TR A IR A7 A R S5 R P 8 A% 7016 (Fe=0.120) - Structure 7347 R WA e B HEJER1E N 2, H
AN ERERAL SRR A, Mantel 4G 45 SRt 3% W 1A% B B A0 M PR 1 A ARG (r=0.733, P<0.075). [ & BTRE JIMIREL
SO FERIN IS SN T4, 7T RERE SR MG HO 3: SRR o UM xT 4% 2 FEVE s iR B (BWL A Y GL)IEAT At OR S, X A2 55%
A EE ) JE A (EXL A DLS)BEAT I sl s R4, DARE N e R O BE RIS O, RN R A Lo, 917 38 % B0 25 S o
R HER XU RAD-seq: MAEZREVE: MNRIEE BHEL

doi: 10.11926/jtsh.4364

Genetic Diversity of Horsfieldia hainanensis: An Endangered Species with
Extremely Small Populations

- - - - - - *
CAI Chaonan*?, HOU Qinxi®, CI Xiugin'#, XIAO Jianhual®, ZHANG Canyu®®, LI Jie}*
(1. Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Kunming 650223, China; 2. School of Advanced Study, Taizhou University,
Taizhou 318000, Zhejiang, China; 3. Sichuan Academy of Giant Panda, Chengdu 610081, China; 4. Core Botanical Gardens, Chinese Academy of Sciences,

Mengla 666303, Yunnan, China; 5. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to explore the causes of the endangered species Horsfieldia hainanensis, the genetic diversity
and population structure were analyzed by using restriction-site associated DNA sequencing (RAD-seq) for
developing single nucleotide polymorphisms (SNPs). The results showed that the genetic diversity of H.
hainanensis was low (Ho=0.167) and the genetic differentiation between populations was significant (Fs=0.120).
Structure analysis showed that the optimal clustering value of the population was 2, but the genetic structure of
some populations was mixed, which was consistent with the results of Mantel correlation test showing no
correlation between genetic distance and geographic distance (r=0.733, P<0.075). Therefore, low regeneration
ability and excessive disturbance of human activities might be the main reason for endangered status of H.
hainanensis. It was recommended to strengthen in situ conservation of populations with high genetic diversity,
such as BWL and YGL, and strengthen near-situ or ex-situ conservation of populations with severe habitat
damage, such as EXL and DLS, to increase gene exchange among populations. At the same time construct the
core germplasm of this species to prevent the aggravation of genetic resource loss.
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bEE NSRRI D 5K R, 23k
SARFFEE KA, IRZYIFAE T HEIRES,
ZREME VAR AR B E R, S 2 EAEHES Y
BRI BB 7S ORISR 48, DRI AR P 2 A
PR i) 22 & B A DR 37 E IR A4S 0 H e
PI0-81, LR OR3P B 2R A e FL WL — > ]
A BT RIP I A BRI R A, TR
Fh A 2 5 5 B AR I 1 2 2005 4F 2= 7 B MOlk T
T RALE B N 32 H Bl /N R BT A2 AE ) (plant . species
with extremely small population, PSESP)”" &, /&
FRAERF IR X )R B P BT N KR ) A X 3
WA B EREANELL AT, BT VIR A B 1 PR 3R 5K 4
AN FHIE R R, BRI A R B0 A
> AR T VA R e 4705 B dNEAEMRE, A
DAAE 22 00 1 1 AT 1T I s 34 M 2K 46 ) R P o
RS, T UFERAN KBTS, /N
B AR NE S CAF 2 B KRR ST

¥ 7 XUV A (Horsfieldia hainanensis) 3 J& T A
25t BH(Myristicaceae) KWK AE & , A2 #4 FUAR A5 &
Yikh, HEGREWEFFMAHME, EESAMmE
A6, T B ERARMEREmRM&, ks
R ORI R IR S5 5 R R, AT 41 N4 [ AR /N
TS AL P A 42 s ), B2 Rl O L
TECIBTEERE . YRR A% 02 2R W] RE b ORGP
HIBAEA KT, BRI B o 2 R PR IR )
filh, /N R ol P 38 A% 22 A0 P vy A A S
FE, VPRI 7 O PR AR IR I B g 7 ik
AR, DRI R XA T R 184 2B U0t T
il 2 A R PR R 2 00 B L0010,

AR, A ST KRG B Al AT 98 T 24
TERFRT R AEFREE . AW E DA BRI R
FRAESE 7 1224, FE R s 22 FE IR ATE 7 i A0 T
AW B, WA IER T E S T DRI AR
VIR RTHENS T, Cai SRS HE LR, R X
WARAN 70 A T FE 4, 1T Jiang S5 ST 14 50 5 471
# 43 [X [E] (inter-simple sequence repeat, ISSR)7>F 45
0TI R AR T JR2 ()38 A% ZAREVEE AT, K A fE
I VG L DXV R AU A SE D UG, BRI A
RE A PPt 5 o A PR 8 4% 22 FEVE K P G4,
KA ISSR 43 F AR e AN 58 [X 43 ik 14 4 & F 32 A4 2%
A 25k DR DA i ade R A% P IR A s AN B 7 5 ik R 2
) —/NER 3, O B WA R 18 A% 22 APV A
ANHERRRO-201, 55 1SSR. i #5157 )7 51 (simple sequence

repeats, SSR) & (£ 4t 7 FAnic LA DNA Jr B K EAR
AR NI T B AR, Bk R 2 25 1 (single
nucleotide polymorphisms, SNP) B L 5148 FAE
JabRicPd. SNP FRic ) 32 EEAR s HAE A Jk R 4 53
MmN HEH Z et e s, WAL . 55
3R, Hr—4% DNA MFHEARMIN A, Rl
P 1) 14 il 1) 57 55 FH 2% 1) DNA 3 /> 42 R (restriction-
site associated DNA sequencing, RAD-seq) ) H #i,
FEAFARRAS « FEIN R S e & R AR Ul )
SNP 73 FAric BN EHE, 4588k 2 1A Fi 38 F)
FAZEAR X WA AT R 3 183 4% 20T 7R 23250,

DRI, DAonf A /N e B A R ) | DR AP 4 LR
HW R, EAERICREY I R E S, A
(R 7 52 A T BOT & SNPs e % i g R A 47
RAP AL 2 E MR AR T B . A TR
Fl RAD-seq $3 AR AR /N B A5 A8 40 B XU A
BEAT B AL 22 FEVE VAl RO I8 AL 25 0 R, DL B
AR R BT AL s, TR R X
TRAF SR .

1 RS

1.1 FERRE

T 2017 4F 5 H {EiF 7 44 K A g AWK ARG 5 A
H SR RE BT EE . Yt . RO T
V3P B 1 B KT 100 m, 35 50 3 R (1,
1), FRAAEIT o ERL 2 B VG XUl #vs A 4) )
PRALE(HITBC).

1.2 J& DNA $2E

B Ah R AR 40 I T 48 S TR B e R AR A T
—20°CUKAE . FIH 4 <CTAB V22 BUR ) 5. DNALE],
R 1) DNA K (5 B = 1 ug, W =20 nglul)
I BRI R IR 55 6 R A =1 (BGI) #EAT
JFo RIZYIFIY) DNA $2EUFE— e R, IRZARYE
D I B R ARAR 5 L 20 BRAMA(EL 1, %.2).

1.3 DNA SCEER BRI 5

RAD-seq 2% Davey 5271 757%. H EcoR | i}
H1E N VIEF(S-GAATTC-3") A BEJE K 2 DNA, 755
HA R AR i B V) B . ERG YIS DNA 1 i
b PLEELIEHURTT W, VKB H B B FER
TR B s —uwihn b P2 #23k, H P1. P2 514idk4T
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Table 1 Collection information of Horsfieldia hainanensis
=y Hh S 4 (N) &8 (E) W (m) AMAEEL FFEL (n)
Population Location Latitude Longitude Altitude Individual number Sequencing number
YGL 904 [ 5 K 1 SRR X 18.98<° 109.37° 430 30 5
Yinggeling National Nature Reserve
BWL B I E K Y AR IX 19.08° 109.17° 900 8 6
Bawangling National Nature Reserve
EXL R U K 1 SRR X 19.00° 109.09° 900 6 5
Exianling Provincial Nature Reserve
JFL U0 [ 5K 2% 1 SRR X 18.75° 108.85° 1126 1 1
Jianfengling National Nature Reserve
DLS 2 L R R X 18.70° 109.82° 380 5 3
Diaoluoshan National Nature Reserve
St Total 50 20
109°0'0"E 110°0'0"E 111°0'0"E
Zz T T T -
= =)
St N 12
& a
A
& Z
S 2
(=08 4=
5 5

* FAT 5 Sampling sife

01020 40 60 S(f(m

109°00°E
1 A KA AR A A

Fig. 1 Sample sites of Horsfieldia hainanensis

PCR 448, [t H I Bes oo ar il &A% B it gk 47
ML, %M lumina Hiseq 2000 #E47 X
(PE=150 bp). #¥: it F¥) ST ZE AL SR A AR R Y A K
BB IR S5 R A 7] 58 o

14 MERREFRRRK

T 2 B GG R HEAT TR 9E, St reads 2
Q H(AMIEIIRR). GC HEZESH, 1+ Q2014
L E] 98% LA - HHE . R # A Stacks v.2.20281%}
HARFEAT T . Eok, A ustacks X BT AR
A reads #HATERIS, WIRELE 3 LA AT
FIHEFIE—L, R 1/ stack, Fo¥FAE K stack f
PRI ELH 2 MR 27 (R E S5 m=3
I M=2); BEJ5FIH cstacks i it Ebxt, A8 M4

110°0°0"E 111°0'0"E

[8) ft) — F 47 S (consensus loci), FF¥E R 5N H
KA catalog (1% B 240 n=2); X )5 I H sstacks
# i1 ustacks 4= ) stack T EETULEC$ catalog ¢
-, DUR 8 AN A A i B R R B o 4 AT
tsv2bam F2%, DA EOHE MR FE A TR 0 B 4%
RAD 7 sl A7 B, 19 2067 s XS HE R (i.e: *.bam).
FIHT gstacks % & X 7 41)(1°reads 1 2°reads) ik
contig, #AJ5¥4 contig LbXxf 3 locus b, Jf7EREA
KF call 22 5 DA K 43 AL, 4R H 4SS SNPs.

1.5 BESZHMEST

FI AT Stacks v.2.2281H /) populations 27
BEAT SNPs i i1 S ARHUE 1% 2 FEVES 2. 3238 SNPs
S Fhrid, WEZSH: --write_single_snps. r=0.8.
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p=3. --write_single_snps 7 B {{ i i 25—~ SNPs
BL AN 5 SR8 Z R AT I FR IS 1 2 0.8 R
AL RS — R 204 80% K AMASLEE; p v 3
FWNZAL R 2D 3 AN EHEL = N T I MoK
V- REE Z R, K 20 AN R AR AR SR 1
AN ERERACTE, FFEDRAL A R AT 2200 80%1H
MEILE (p=1,r=0.8). FIH SNPs Fric Pl & HEI
BAEZAE, HEUT S A R AL
R RA S 25 A6 FE K B (private allele number, Ap)
A JL 4 ¥ (expected heterozygosity, He). Wil 24 &
J& (observed heterozygosity, Ho) i1 32 £ % (inbreeding
coefficient, Fis)%5 .

FIFH PGDSpider v 2.1.1.5029085 {4 % e Xk
T84, K Arelequin v 3.5BMAEEAT 90 105 %
43 #7 (analysis of molecular variance, AMOVA), it
19 A% AR S A S A B R J 30 PN ) 23 AT B S A T 1 e
% 73 A 2 B (Fst) LA S K - b1 25 R (Nm) =
(1—Fs)/AFB1 5 F %14 Stacks v.2.2281H [ popula-
tions PP IHEJEHEIAIN Fo B, JEHFIA) ) HOIE R 55
I R B AR AR BT TR 7R R MRl
F vegan £l “Mantel” b8 £ B2 56 = B 1R 182 4% R 25
L5 b B R R PRI A DG

R 2 i WA RAD U s

Table 2 RAD-seq data of Horsfieldia hainanensis

1.6 BHEMIBILL 2T

FIF A Structure v. 2.3. 48T BEA I8 L 45
KI8T o BRI T IS I BRI A AR (admixture model)
A5 FE DR A 52 455 2 (allele frequencies corre-
lated), 27124 “length of burn-in-period” ¥ &}
1 000 000, “number of MCMC replications after burnin”
BE )y 2000 000, KAEBE N 1~5, EARREBE
910 k. IBATER RS G AR R A Structure Har-
vester v. 0.6.94B43E 4T 73, SR JEFIH 344 CLUMPP
V. 1.1.2BR1 DISTRUCT v. 1.1660 4% K fE 1) 10 7K
HEIBATIERBEGER, F R LS E .

2 R

2.1 WFEHES RAD AL

M 2 WL, g KT 51 S5 6 reads %
(clean reads)y 6 894 604~40 535 670, MAT-IN
17 855 431. llFEF¥) Q20 v 98.6%, “F1 GC &%
BN 40.8% . AR LRI 1A 2 /0 3N R R 80%
AMRILEL, PPAL JE RS L 2 FEVERT LR B 142 140
AN RAD 7 f5, 153 11 225 4> SNPs ] T J& 4 1) 38
FE 2 REE RN BEAREE 4T

¥ 4S5 Sample code E R FFEURE Clean data (bp) Reads %% Number of clean reads Q20 /% GC /%
BWL_1 3427 777 458 23318214 99 39
BWL_2 2 337 065 632 15790 984 99 39
BWL_3 2105068 518 14 320 194 96 38
BWL_4 2 977 456 830 20186 148 99 38
BWL_5 2003971994 13620 162 99 38
BWL_6 1882 808 038 12 851 932 99 39
DLS_2 4 050 657 618 27 555 494 99 40
DLS_3 1176 739 470 7962 624 99 38
DLS_5 2 562 006 855 17 369 538 99 38
EXL 1 1456 210 000 9940 000 99 44
EXL 3 5918 207 820 40535 670 99 40
EXL 4 1635 241 756 11 200 286 99 45
EXL 5 3646 258 020 24974 370 99 39
EXL_6 2 390 613 666 16 262 678 99 45
JFL_1 3500 311 080 23811 640 99 39
YGL_1 1176 446 049 7985 542 98 42
YGL_24 4 476 304 938 30451 054 99 43
YGL_26 2702 874 594 18 386 902 95 47
YGL_27 2012516 730 13 690 590 99 42
YGL_4 1015 810 167 6 894 604 99 43
“F-¥J Mean 2580345778 17 855431 99 41
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2.2 BHEL M FEAARIE] ) Fst A 0.070~0.230. 2RIEIKIFL) 5 i % 1L

MR 3 WL, MRS b, AR NRREEET A AR
A AR AR 2% 5 5 (Ho) A 0.151, JIEE A1 (He)
N 0.167, BEHBRZFME@ N 0.172, 58 2% (Fi)
4 0.081. JEHEAKE L, MR XA Ho 24 0.147~
0.184, He 5 0.075~0.175, z 4 0.151~0.192, Fis Ay
—0.014~0.045. [, BWL & #ER I % s st
EZEa

2.3 EHBE LS BRIEEH
M 4 0] DL, i rE AR R KT (1 Fis 79 0.081,

3 3 IR AR RN KPR 8 2 R

(DLS) & B (I8 45 734k R B K, Mantel 43445 2R
e b R e S S SRS EPS I (SR N e
(r=0.733, P<0.075, & 2). AMOVA 43 Hr45 5R 2% 1
TG AR S 2 B4y A A B R] (K29 75.47%), A
24.53%1 AL A8 U5 E JE RN (3K 5). JERFIs L 45
PSP R, 24 K=2 iF, AK BUs 2k Bl
KAE, RIIHERE ARRRR I R R 2, 2
ARSI o0 A, A A% S5 40 73 M o2 9 el
Ry 2 ANAE(E 3), X TTRER B L AMARECR D
B JE R (] E 5 KL S 3

Table 3 Genetic diversity of Horsfieldia hainanensis at species and population level

JERE RAE SRR EL Private  JHRE 244 Expected WL 2% 4 % Observed . 32T ZH Inbreeding
Population allele number (Ap) heterozygosity (Ho) heterozygosity (He) coefficient (Fis)
YGL 16 033 0.166 0.164 0.186 0.045
EXL 16 297 0.147 0.134 0.151 0.014
DLS 13086 0.167 0.132 0.158 -0.014
BWL 37182 0.184 0.175 0.192 0.023
JFL 5222 0.151 0.075 0.151 -
Wi Species 0.151 0.167 0.172 0.081
YGL. EXL. DLS. BWL. JFL W% 1. LAFEERA.
YGL, EXL, DLS, BWL, JFL see Table 1. The same is followed Tables and Figures.
2 4 g AR R A I B (P, A L) SHUEREE S (km, 72F)
Table 4 Genetic distance (Fs;, upper right) and geographic distance (km, lower left) among populations of Horsfieldia hainanensis
YGL EXL DLS BWL JFL
YGL xRk 0.094 0.114 0.070 0.125
EXL 29.523 Fxk 0.139 0.077 0.157
DLS 56.672 83.745 el 0.097 0.230
BWL 23.782 12.240 80.381 Frx 0.098
JFL 60.394 37.554 102.296 49.792 Fhx
024 + N
r=0.733 3 él:l L/E\Aﬁnlj‘l/lf\‘
022 P=0075
0.20
0.18 3.1 ¥R R IR A5 2 1
016 A FLH FH RAD-seq £ AR 73 8 1 Al /)N Fob 4
" A D RV 5 A BESL 20 MM I i1
010 FEME, 4R R, 84% 2 FE 1% (He) FEXFH 7K ~F-(0.167)
0.08 N JEFEKF(0.136) LG . SMfGHEY) =i
006 | . | . k M (Nyssa yunnananesis, 0.321)B8IH LY, g XA
0 20 40 60 80 100

ST Geographic distance (km)
2 AP R A ) P £ 2 B () R PE 25 (km) 19 Mantel 5256
Fig. 2 Mantel test between genetic distance (Fs) and geographic distance

(km) of Horsfieldia hainanensis populations

AR SR Z e H RTF A bR i
FEAR R B WAL AR N R A (R 384 2 RV,
RAPD Frit i 4475 HF (Vatica xishuangbannaensis) (]
0.1691%9, I1SSR #ricfH 544 (Bretschneidera sinensis)
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Table 5 AMOVA analysis of genetic variation within and among populations of Horsfieldia hainanensis
5K ELiili WM R4S %
Source of variation df Sum of squares Variance component
JE#ER Among populations 4 16 330.733 494.863 75.47
JEHEPY Within populations 15 4 825.867 160.862 2453
&St Total 19 21 156.600 655.725
A B
DeltaK = meam(|L"(K)[)/sd(L(K))
2500
2000
2 1500
=
73
8

1000

500

2 3 4
K

YGL EXL DLS BWL JFL

3 J: T Structure 43 H7 [ F AW SRR G IR (K =2) . A1 B4 K EXTRY delta K; B: K=2,

Fig. 3 Posterior probabilities of Horsfieldia hainanensis cluster based on Structure analysis. A: Delta K of each K; B: K=2.

) 0.1411401, F} AFLP Fric 25 - X A (Horsfieldia
pandurifolia) ] 0.15204114%

TV B AE Z R 2 B 2 MR R, 2
A s HhER S ATE L T N 2 P R R LR
HAEFMEE IR, AR, iR VR E]
) F R A FR (Nm=0.081), HAFEIL L HLR (Fis>
0), X fER K AR 3= B A KA A3 B 5 A
ZEMIBIRIASEE T, JEREMAKUD KT A A b,
FERT I EARMEIR I RSB R, SEUEEA
IR, VIR R B A5 32 2, g
KA R 2E TR, K2) 45 cm, BHIRZ) 2.5~
3cm, FEEEHE LR, 456 HATEORREOLE
FREE AT, Fhy YA an BRI R, PR TR
oKke AL, BT R AR PR 2 B MR
1=, N BT E S T W R 2 5] SO T
s B AR TR IR BRI, SBUERRIEREN
HAM o B E R A2, BRI RRE R B koE 1
¥ T AW A 38 DL SR AT g R 72 BL/N B R T 2UAF
FE, FPE SRS A, AT BRI 1 & R8T
ik, FECEE SRR .

Hhh, AERERCEVRER. AR A
158 48 ) ) A A 9 2 52 1 A0 i PR a8 A 22 AR AP 31,
H A o S50 e S R], ORERERRFARHE, BHOIA AR AR

s VR, MHERON TS, AR, Fiid
PRI, A B AR 55 20 AR CWIY 35%, T F43
20 fHh20 80 £EAR WIS 9.7%M41, i Fg KW i T fE A &
AN, BRI, SRR
TR Al B R (R AR AR B /)N, K20 X R AL 5L
PSR, (Al Rt N B R B ., AT RE R
SEWF A Z P AT BARK T R, TEA
T, R AL Z AT R S A &
BB BE 7% LA S N st L AR 35 1 7 2 A 3 DA R il
WOlEARAT I, e T R BRI ) Jo i 2 5 K 4

3.2 HEE UK 00 5 R R 551

Y P XA S T (] P 238 AL R0 0.120,
Vi JE A () A7 T SRR RE AR 8% 20 1L HS] . AMOVA 73
Bridzn 1L AR 5 1 B AR T S e a), 384% AL iE
HRKIIBEIE R AR, T ARG . A0 L
it R AENF Bk, AiER. SRR
AL RIS A ) 2 R R IR 1O, FE AT, X TR
LM BB MARARAYIF, Fo W 8. WM
RUA Al T His X, MR R i, X2
PITEN 51 i Ak & DhRe th LM Z R, By
AR AT TR0 7 g PAAR A2 S DA A ) o TS
AT RE 2> T 206 f AR AL R EE A, &
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S T A AN T AR AR e XUCAR ) 388 1 2 AR BT AT 553

TR B R A R e, X AT e S BUR BN 2 5 T B
I 1) b = A A el

15 BT A0 R 5 I 2 30 22 $0 v AR A B TR) A
ARG, RARIAERM TSI, MrREEHR
TR, BEEEER, SR REMLRE T
TiIX A deAh, NI IS SR AR B 1l 3
P AR (0§ EI AN B E R H SRR XN
Y T RV ARG 1) — 273 s 67 T A B% FIAR I ¥ 12)
JE BRI >, AT T A e T s A
ﬁj\’ﬂﬁ [15,46,48] R

JEHEIBE SR AT 25 SRR, T W
A RIS K=2 (B 3), ANl JE R AL 457
TRA%, HhHE X SRAMERFIEA ] R, Mantel #5045 3K
RF 308 A B B Db B R B8 R R I E AR BN B2, Pl
frI&5 J = — 50 . Wang 25190 43 A5 75 b [ e 5
FA) 0 G K 0 3% 22 (Hopea hainanensis) (I HIF 7545 A 7]
IS, W2 R IR G MR A, Hb 3R B st
5 B B9 TR A R OGP, HE BT AR A 1)K B B 2 R
Bl Pl DL R P 5 A T e 2 S EUZ R
FEGERIANTET IR R . BEAh, PPN R I8 4% 45 44
TELELSMFIEE REMER T RE R R BT
SR AT, B RIS A X I R RO A G R
T8, J S NN I 5 TH] AT Tkt — 5 [ B L1
FEER I 5 A

3.3 WgFE AR B fE L ) B AR e it
JERFAESERAG. IR TR 4
T A0 T3 = A B N R B P A5 I R ] RE 2
Vi R e 1) 2 B PRS00, R, FRAT 19
Xof ] SR 2 A /N o e BT 26 A 7000 B XU AR TR Rk 27 £
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