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A IXCEA Y 2 5%, HRIGHEE &R
KB H AR TP AR AN ] 202, AR S o A BT
4 FSGS SR AL A9 HAR X8, ABFFE LA 87 1
R m P I X E R, BRI S
b 3 o 125 XU S e, ) BT R 43 FRic (simple
sequence repeats, SSR) R GL Al Hist {5 ZFEME | 15t
TR B UL B INRUBE 23 [A]8E A A% Jmy, B TR 78 53 o1
Az B M R A% 8 S B AL, JF A X —
TR P {5 PR RIS B g R AP A R R AR} 2
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FTE FSGS SR K 277 THI BOWFSE 25 ke, TRALRS By
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Horp, W iR R BW-H(# T8, 1L 589 m) |
DL-H(f % 111, ik 542 m), (R EEHL )y BW-L

(FHFUE, Kk 188 m) . DL-L(FBZ 1L, ¥k 163 m) .
R AR RS CRERFE (DBH) = 5 cm (1)
T AL, FEACE 435 : BW-H 90 ¥k, BW-L 100
¥k, DL-H 93 ¥k, DL-L 89 ¥, 231372 #k(F 1), K
PRUFFEARZS [ ST M, AMARTBIBE I & =10 m. SR
AR T R BTV S AR IS TR AR,
[ B 30 53 GPS Ab . W7 L et i B e 48 A5 25040 -
R T BHDIE S5 03 1 AR 20 A0 R A, AT
BRI 2 (8] [ A DG, 0 OR )5 St A% Z AR I s
()G L5484 BT T AT SEPE

1.2 EEHESHIEST

121 DNA#RIE SSRHAH Rk K CTAB
AR BB 4] DNA B9 R IEH T &1
SSR 5| W0, 22 3ok 3 R 5 F P, TRCAS DU ™ B A
PE. BUE 28k, B ATHED 7 X R E . 28
PER B T IR e85 (3% 2) . PCR WK
10 pL, £ 3 1.0 pL DNA #i4k () 50 ng) . Taq
PCR Master Mix 5 pL., 1E & [ 5[ ¥4 0.5 uL K
H,0 3 pL. ¥ 38R A: 95 °C AN 5 min, )5
35 MM (95 °C 205,52~ 62 C 155,72 C 30s),
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Fig. 1 Map of the area under survey and sampling sites
at Bawangling and Diaoluoshan regions in Hainan
Tropical Rainforest National Park.
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Tab. 1 Sample information on the Vatica mangachapoi populations.

F#E Population Hh 15, Location G Latitude ZJ¥ Longitude VK Altitude  #EASE/MAEL Sample size
BW-H WL IXFELIE 19°06'46” 109°11'54" 589 90
BW-L FEWFIXOKHEE  19°0633” 109°06'05" 188 100
DL-H mo I XASR I 18°42'04" 109°50'11" 542 93
DL-L MBI IXHEE 18°40104” 109°54'27" 163 89




%5 ARG TR B M/ RS 2 (] A S5 M BT 5T 905
&2 74 SSRIRIZHIS| ¥ FF FIFNEE SRR
Tab.2 Primer sequences and genetic diversity indices of the 7 SSR markers

Piljﬁr SR Primer sequence (5—3%) %ﬁ]%a%& ﬁ?&%ﬁ%%& Xﬂ%ﬂﬂiﬁfﬁ ﬁﬁ%}%zéﬁ gi};{icﬁ‘%
M1 GGGACCAAATGACTTGAGTAATCT | ST 074 om0 om
VM3 ;ZZ gééig%%%i???ﬁgggﬁ:ggé}r 8 4.195 0.813 0.757 0.794
VM e A r e AT 5 2.576 0611 059 0.621
ws DATIMGCOCCMITAT s oes oo
VM6 A Te T oo 7 3.779 0720 0731 0.749
VM7 F: GGGCAGCCTCGTAAATCAATTAC 10 6.385 0.831 0.840 0.862

R: ATTACCTGGCACAACCTTAGCC

5 72 C ZEAH 7 min, PRI P2 ABI 3730 xI
BN LUK A )5, 4 F GeneMarker 4K {41
Ty BERIRLANE, B O B BAIR R PERT

1.22 FAESHE ETREEWNSIY, FIH
GenAlex v6.51 P15 K 4 DNFRRE R85 24
PES B, AL S5 7 6 B (V) | A 8055 7 5 PR 4K
(N) . WL 245 B (H) . WIER A5 (H) 2354k
E (PIC) %P,

123 @#AELEMH R Structure v2.3.4 41447
D R b KIERE N 1~ 10, B4 K
fH 42 17 10 ¥, B & A1 7% 100 000 X burn-in £l
200 000 Yk MCMC 541, i i delta K i & fe fFE 2R
HH2, K GenAlex v6.51 FRAFHEATRIRE ] BT
Fst{H 71 5 F1 3 A 5 43 1 (principal coordinates
analysis, PCoA), #& T Nei’s(1983) 1% 1% i & 115
FhREE) L HE 2, I MEGA v11.0 3R 4-H HE4T
2 (neighbor-joining tree, NJ # ), MAS [A] 4 i 56
HEFPHEE A 24052,

124 JPREZREEELEMR  FIH SPAGeDi v1.5
TN 14955 8 22 8 (kinship coefficient, Fj;)™Y,
Jf it 9,999 Yk B L 4 A6 9 K HL 95% B AR X
[T o8 = g | N SN E B/ O g Gl E R R
MIEH &R (br) o FSGS 58 B A Sp=-bp/(1-F(;))
T, Ho F ) s — B S Y6 4 280

2 HRE5HM

2.1 BESHEME AURILHET 7 XEELSS
PERY SSR FRic, JHAE 372 A 58 a3k (] 43 7Y
3P G EOR, BSOS FR B S e £
BYEGE2) . FEEMEEB(N) N 7, EHERL
SR LB (N,) K 4.012, S4B 24 BE (H,) K
0.695, YW BRI A (H,) R 0.725, 7 M HY
W34 £ A5 B A B (PIC) M 0.744, Horp, VMT ()
PIC{HIT 0.85, %7 S AERRHT T MR AL 2544
B LA A i B ILRR B R, BT i
SSR 5| WA M4kt B e B B A =
B, AL 2R I FSGS A it Tl 57
FER

4 475 M AR 4 2 B A B iR 2R
(% 3). R HEU(N)TE 6.286 ~ 8.143 JE I Y
A5, Horh, DL-H f 5 . BW-H A% A RGN LA
(N TE 3.917 ~ 4.091 [B])E 8, P-4 %057 3 A
BOR 4.012. 4 AFIEEINZ A B (H) FbEE 24
B (H,) G 43531 4 0.660 ~ 0.723 F10.722 ~ 0.728.,
2.2 LM STRUCTURE 434 SR, K =
2 1}, delta K 1B 5 K (K] 2-A), 3¢ B 5 MEA71E P Fh
WALy, PR IR 24 AR 4R, 8 F 08 &
Vi PR Fh HE (BW-H) 5 HAth 3 AR B A7 7E — 2 53
fbo FET Nei’s(1983) it fL 1 24T PCoA 1
A F AR BRI B T 22.13% B 728 5 (K] 3), BW-
H FPRE (8 5 ) 78 PC1 i 17 1) X dul 2 90 i 2
ST R AR, 5 HA 3 AT BUARE AR 43 B8 B 40 15
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Tab. 3  Genetic diversity statistics of the four Vatica
mangachapoi populations.

FhEE SEOCEEDIB ARCEGL I Rk

Population N, HEBN, B H, A% H,
BW-H 6.286 4.091 0.723  0.726
BW-L 6.714 4.043 0722  0.728
DL-H 8.143 3.997 0.660  0.726
DL-L 7.286 3917 0.675  0.722

-3 Mean 7.107 4.012 0.695  0.726

1M DL-H(Z¢ {455 ) . BW-L(# 5, =#f) . DL-L(£L
o B s )R FE A F AR AR PCL R Y IE 1] A
PC2 iy B DX IR, =38 (B AR B35 M O b B A
PR, ARSI B S R4 0, oW B Yt
LR FR . PCT & IR S A o3 BS B A0
Yt B, FLAR ) DX [R]85 A 22 7 32X BW-H F
TR ST 43 A1 5 PC2 Rl B i st A% A8 5 o LRI
(12 8.39%), ik A %X 53 DL-H, BW-L, DL-L Z
0] A s A 2544, IR, 3 3 SRR REAR 7 55 (] L
EIBETESAE . NIRRT REE R
AR 4), I F 04 B -5 IR AN 38 o
AMRRAE—HE, 5 4 DFREER S RTE SR -t
TRZ%, B IR IR A s AE o0 fk . LA, FhEE)
WAL AL R B (Fst) 43 Hr s (5R 4), BW-H 5
i, 3 > (] 35t % 3 A0 R B 3 K (Fst=0.052 ~
0.058), MiHARFIHEN] )15t 1% 3L 55 (Fst=0.018 ~
0.028), % I, Structure, PCoA . NJ #f &z Fst 4%
e B AR — B0, R W LIS SRR
HE (BW-H) TE 8t 1% 2H 5348 1 S 23 ] 43 A b R BEH
—REZESE, WA 3R Z MM SR,
A7 R ) R AR S PR B A 4

23 MNREZHEZEMEEMN K H SPAGeDi
V1.5 AR 4 AFREE FSGS HEAT /04T, Hiak S5
(Sp) e 5 r7n . DL-H Fh Y FSGS i i e 5k
(Sp=0.0440), T BW-L 155 (Sp=0.0096) . 4 >Ff
TR0 RS 26 % R AL Fy B2 T BE 25 1 728 Al e 340K
B S e T iR 2 5 (B 5) o T A PR A i R
AR R I 3 W IR AE A DG, B Fy {E
BERTHET 9999 R EHAKAFHNA 95% BIF
X JE) PR FEEE 253G, 4 AR A A2 A 00 B
ANlAl: BW-H # Fy 2 R, IFAEZY 85 m Ab 4
FT&; BW-L (1) Fj 78 25 m 4bifk A E A5 X 0], ik

TEREABE G FE A A F-%; 1l DL-H FPEFE 75 m
AR BT Fy 1T, BE7R T SR SERR A A T SR AR
P4, DL-H fERERE B (110 m) W F A 2ERAR
JKF5 DL-L [ F; B B3 AR R, 76 25 m SR
TAHIFHFLLNE BN .

3 3t g

3.1 BEfEEHUESBREAEN AMPRETHMTIA
PRIC R GEVTAR T e PR TR [ 52 el 75 Mg
Mist it ZAEE, 25 R W], F PRI L ZHEE K
85 5 (N,=7.107, H=0.726), ‘. 3 & T [a) 38 /3 A
B 55 AR fE e ik B R FR % 22 (H. hainanensis,
N,=2.458, H.=0.409)"" F1 £k ¥ (H. reticulata, N;=
3.636, H=0.599)", 5 Wi+ KL JL 14458 2R
WewEAk, A ROFRE R T R 22 7 1 W B st 4%
AR, SRR KR IR, REPM 2R
R ¥ 0 [R) R DU A5 44, BRIE b 0 PRAF 5T F & st
LR = SN (ENPS DT e 7 i Al N =10 1
S FRist G 22 FEPE R I AR T A

T Az W A3 A T R B AR R AR R, R
K TR A T B S v o o A S T 2
M ELIR, XU AT (A SE B A BE 25 4L (10 m
DL L A R T2 e B AL 5 iR 0 15t A% 24
PEo AL, el & RER 28 Fh LRSS, 168
Uit T B I AR A A e Tk i R ) TR BT, AT K9 A=
el shxtist i Z R AR e, ARG A
BATE BT AP WS 45 S R W, 5 M i I TE AL B o
5 i) B A5/ NRYEL L, AR M 9 BIOH 15 ] fE Jm) BRAE
BOE KN, 1 RAE B % AT AT SC B E B R AL
T, DAY HOVL T RE 7 /N BB 43— KT
FELRIE, AT RGO 52 5 18 I T DR AR5 1 7K T 1 st
AR oI

Ao 3 55 08 = VAR AR (BW-H) 5 [ i A1
TR (BW-L) B A™ 3 2 LR 4% (] 4 XoF s 73
B AL oAk, HA T & BW-H 5 HAW BT 07
BRSPS SEOX—2 5] ReE A
RAFRIET | [IREFEAREEAS . % &5 SSR
P i g A RS s EA Y, PRI, BE(AR ] SSR
KA PRI 1) 25 S R B AZ BEAILIR s el [
— s A5 7 AV VAR A AR A ) St TR AR B (% 04 10 km,
& 1 8.3 km) CLZ8 B F 1 SCHR Hh H B T ik 7
PRI R A A R HE 251750, % Az AR S R It (4 7T



%5 ST TR A BT M U 23 8] 1A% G5 R TT 5 907
A B
40 A Mean Stdev , "
K Reps LnP(K) LnP(K) Ln'(K) |[Ln"(K)| AK
30 - 1 10 -8818.14 0.39497 NA NA NA
2 10 -8403.29 3.06755 414.85 120.79 39.376 65
3 10 —-8109.23 12.70967 294.06 94.78 7.45732
20 4 ﬁ 4 10 -=7909.95 5.02267 199.28 52.69 10.49043
5 10 —7763.36 69006 14659 68.02 9.857 12
6 10 —-7684.79 575103 7857 5926 10.30424
10 e 7 10 —766548 119.54465 19.31 1657 0.13861
° 8 10 —7662.74 151.88817 2.74 5425 035717
\ 9 10 -7605.75 62.71378 5699 58.83 0.93807
04 K e 10 10 —7607.59 130.634 04 —1.84 NA NA

BW-H BW-L

DL-H

DL-L

AMFFH delta K J7 B8 8 AL Kl B. K A 1 5 10 fXTEOBESAI delta K {H; C. K =2, 3 Fl 4 (ER45 B (AR KA E DMK, BiaEmITL

(5% 18 383 e L A S A RS AR

A. Best K determined using the delta K method; B. Log probabilities and delta K values for K from 1 to 10; C. The results of individual assignment at K=
2, 3 and 4 (Each vertical bar represents an individual, and the proportion of the colors corresponds to the posterior probability of genetic clusters assigned to

each individual).

E 2 STRUCTURE BI9th&ER
Fig.2 Results of STRUCTURE analysis.
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Fig.3 PCoA based on Nei’s genetic distance
REMEAN R o TEAAR 1] 265 57 JH PR R A3 22 S T REBE 22
SR AR RS, Y SR HE SR 9 08 PSR
A D A R DT P 1 22 5, DA B 58 AR B HIL B 20 ) BT
Hiko Kok mT LARE Bl 5005 DU B 2R W) IR p A% I, =
BB UK AT IR 22 SR, TR Hir Al
PRV B 06 v AU T AR AR 25 0 B PRI AR 22 5
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DX 35§ (1] 358 1% B T A S 2, (] B A 4 6 A 35 DL
AR 1 JRy b RUBE F 5 DRI, DA T O o G 0 35 A5 A
EES
3.2 IWNREZTEEEENR  iEEHEY 2 85E
PR 0 00 /N RUBE 28 [R] st A 4 4, v, SR 32
PR T S B AR 23 TR SR AR 4 R 2 FSGS TE
B FZEHLE], FEBDEAE 100 m DLy Y2 [a] B
b, A R R HLRE 1 i 0 A 3K B e v 7
BHH B FSGS IR R, A4 R & 81,
5280 &R YA L, F ) FSGS 5& AL T
A L L1 P 97 NI S5 e v Wy 2. SN /= Qi WA L3 &
Bk B (Sp = 0.0228) 1 1 i £ B8 4 b A B8 T 1Y
Vateriopsis seychellarum(Sp = 0.050 0)F), {H &5 i
HE MG (Sp = 0.044 0) & T4 Vateria indica(Sp =
0.026 0~ 0.027 0)° 5 &K 53 Shorea ¥ Fh (Sp =
0.010 0)%, XA EPRZS X H MR FSGS B
HHM SRR RS, 2RI | BRI
Jry A B ] ) e [ s

T AR T R AT TR ] 28 Bl 1) i A et o
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Fig. 4 Neighbor-joining tree of all individuals from the
four Vatica mangachapoi populations based on the
Nei’s genetic distance
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Tab. 4 Pairwise genetic differentiation (£st) between the
Vatica mangachapoi populations.

FP#E Population  BW-H BW-L DL-H DL-L
BW-H 0.000
BW-L 0.058  0.000
DL-H 0.057  0.028  0.000
DL-L 0.052  0.029  0.018  0.000
x5 ETFSSRirZHBIEMBNRETEEE

HHSH

Tab. 5 FSGS related parameters of populations in Vatica
mangachapoi based on SSR markers.

Q y OROR %
- %’%fggﬁ 4D, FSGSHLEESD
. L) Regression  Intensity of
Population Kinship
. slope FSGS
coefficient
BW-H 0.0556 —0.0340 0.0360
BW-L 0.0167 —0.0094 0.0096
DL-H 0.0663 —0.0410 0.0440
DL-L 0.0453 —0.0160 0.0168

GRWEME . AT 1R S AR BRIl X2 5 KA
e 3ty RS T S 5, ] RS R T A I AL
(RS BRah S B et Jay 1 A2 2% i TV 485 4 0 S R 9 K
14 BRI P i T DX T AR e, DTG 5 SR 5 o
TERAE AR T . 5 A0 Mg B R 7 A AR
Fb, ARWFSE XA FSGS 7K 343 1 167 f3 F itk
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Fig.5 Fine-scale spatial genetic structure within the four Vatica mangachapoi populations
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Fine-scale spatial genetic structure of Vatica mangachapoi

(Dipterocarpaceae)

Zhu Siqi"*, Duan Jiyu'", Tang Liang>*
(1. School of Ecology, Hainan University, Haikou, Hainan 570228, China; 2. Hainan Institute of National Park/Hainan Key
Laboratory for National Park Protection and Development, Haikou, Hainan 570203, China; 3. Hainan International Joint Center

for Terrestrial Biodiversity around South China Sea, Hainan University, Haikou, Hainan 570228, China)

Abstract: Vatica mangachapoi Blanco, a member of the genus Vatica (Dipterocarpaceae), is a dominant species in the tropical
lowland rainforests of Hainan Island. Understanding its genetic dynamics and fine-scale gene dispersal patterns is essential for
elucidating the ecological adaptation of dominant tree species in tropical ecosystems. In this context 372 individuals across
different elevational gradients were sampled from Bawangling and Diaoluoshan within Hainan Tropical Rainforest National Park
to evaluate genetic diversity, population structure, and fine-scale spatial genetic structure (FSGS) using seven microsatellite loci.
The results revealed a relatively high overall genetic diversity in V. mangachapoi (N, = 7.107, H, = 0.726), markedly higher than
that of other two dipterocarps on Hainan Island, Hopea hainanensis (N, = 2.458, H, = 0.432) and H. reticulata (N, = 3.636, H, =
0.599). Structure analysis found that the high altitude population at Bawangling (BW-H) differentiated to some extent with the
other three populations, while PCoA and NJ tree analyses could not detect clear genetic differentiation among the four
populations. FSGS analyses indicated stronger spatial clustering of genotypes in high-elevation populations (Sp = 0.036 0-0.044 0)
than that in low-elevation populations (Sp = 0.0096—0.0168). Overall, all the findings indicate that the genetic dynamics of V.
mangachapoi populations are influenced by elevational environmental gradients and provide scientific insights for the
conservation and management of tropical dipterocarps.

Keywords: Vatica mangachapoi Blanco; SSR markers; Hainan Tropical Rainforest National Park; genetic diversity; fine-scale

spatial genetic structure (FSGS)
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