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TEE: [ B ] BRI W M X TR AT (1433 2R MR Ak e SR s . [ ik ] DA AR AR R TR
ARSI AT 2, R T P KRR IE S, 25 S A AP EE 177 MK, SRITH4%K DNA (cpDNA)
Fr B psbA-trnH WFFRITT 7L, MGG SRR . FOBRSSH R REDT LS Tt [ 4520 ] s iLba Rl i
ZHMERBAR (H1=0.378), HAH43] 3 4> psbd-ornH FPAERL, SRITH A 2 AR e i 1L S aE kb A==,
PN REIR] AL /AU (E Fgr 7€ 0.000~1.000 Z 8], JEFRFK AR (Ny=0.260), 97.8% it f& 745 53k A TRk,
TEARAEAE A 581 S G b REE A [ Ggr (0.887>Ngr (0.799)]. 70 FHEALHFIERG IR 45 A . AR IEFAE S Tk
FEHOR AR EEAEH], MR T o s, [ 2598 ] S8 h IR s . RIEC /AT AL Wb 3 A i AL 25
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Phylogeography of Ficus altissima in the Northern Edge of
Tropical Asia

HUANG Zhuzeng'?, HUANG Jianfeng', PENG Yangiong'

(1. Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Kunming 650223, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: [ Purpose] To investigate the phylogeographic structure and its evolutionary history of
the tree species distributed in tropical Asia. [ Method ] 177 Ficus altissima individuals from 25 pop-
ulations were sampled in present study, mainly in the northern edge of tropical Asia. F. altissima is
listed as one of the dominant species in Asian rainforest. The cpDNA fragment psbA-trnH was se-
quenced to explore the genetic diversity, population genetic structure and dynamics of F.
altissima. [ Result] A low level of genetic diversity (H;=0.378) was revealed and only three pshA-
trnH haplotypes were identified from the 25 populations totally. However, two ancestral haplotypes
were shared by F. altissima and its related species. The population pairwise genetic differentiation
(Fg7) ranges from 0.000 to 1.000. Low levels of gene flow (N,=0.260) were found among popula-
tions and 97.8% of the total genetic variance was distributed among populations. The Ggr (0.887) was

higher than Ngt (0.799), showing that there was no significant phylogeographical structure. Test of
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neutral evolution revealed no deviation from mutation drift equilibrium, while mismatch analysis

showed unimodal. [ Conclusion ] Combined results of neutrality test, mismatch analysis and species

distribution modeling indicated that the populations of F. altissima could have undergone a slow ex-

pansion in its evolutionary process. The limited seed dispersal could have resulted in the low gene

flow and slowed the population expansion.

Keywords: Ficus altissima; monoecious Ficus; phylogeography; psbA-trnH; gene flow
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Fig. 1 Geographical distribution of haplotypes of F. altissima
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SR B O BEREY Y, IR
WIEIE SRR psbd-iH AR
PRI R M R 40 THRIE . XS]

Y5 H
psbA 5'-GTTATGCATGAACGTAATGCTC-3';
trnH 5'-CGCGCATGGTGGATTCACAAATC-3"2¥,

®1 SUBMEEAREREER

Tab. 1 Sampling information of F. altissima
Fh#E population K4 A locality 25 J%/(°) longitude £ /(°) latitude ¥F#i/m altitude FEASEL sample size
*[E China
RL 2 B IE Ruili, Yunnan 97.830 23.985 746423 12
NLC Z M PiE)1l Longchuan, Yunnan 97.914 24284 9526 6
MS Z T Tl Mangshi, Yunnan 98.565 24.411 903+14 14
LK Z#75JE Liuku, Yunnan 98.853 25.858 751411 5
LC Z HIIfi Lincang, Yunnan 98.914 23.448 11034 8
XSBN1 =B Mengla, Xishuangbanna, Yunnan 101.240 21.927 518+4 11
XSBN2 = F5tdk Jinghong, Xishuangbanna, Yunnan 100.677 22.126 733+6 7
PX I PHSEFE Pingxiang, Pingxiang, Guangxi 106.673 22.147 30614 5
YY J"PE K iHIE Youyiguan, Pingxiang, Guangxi 106.712 21.980 257+17 11
NM J i 5* Bl Ningming, Chongzuo, Guangxi 107.174 21.768 344+10 3
cz J" P4 K°F Taiping, Chongzuo, Guangxi 107.238 22.385 16521 6
JFL #FPIRIEDY Jianfengling, Hainan 108.825 18.716 320422 4
CJ P4 51T, Changjiang, Hainan 109.027 19.317 114+18 11
BT #r R %, Baoting, Hainan 109.692 18.702 237433 6
4fif] Myanmar
Ml A4 Mudon, Mon 97.690 16.357 127+16 8
M2 PAFLPISEW) Inle Lake, Shan 96.946 20.614 9042 12
M3 FAI =48 Pindaya, Shan 96.618 20.725 13396 11
M4 R4EH R % Nyaungu, Mandalay 95.023 21.008 300+5 17
M5 SHEHSE Sagaing, Mandalay 95.635 21.697 227£19 3
M6 2488911 Singu, Mandalay 95.998 22.549 662 2
Z&[® Thailand
oM %1 Chiang Mai 98.982 18.706 1 090+7 2
T1 i~ % [E & 22 [l Kaeng Krachan National Park 98.279 7.970 5245 3
T2 2 478AT E X A IiE Huai Yang Waterfall National Park 99.615 11.625 7249 5
T3 RATHUF Chanthaburi Province 101.728 12.766 127418 3
B3 %& Cambodia
IPZ T4 Kampot 104.032 10.862 52041 2

1.2.3 PCR ¥ 34 &7

FIF 519 psbA F1 trnH % 25 ILFE 25 4> FhRE
177 MMAREAHE T PCR 9734, ROVARZR A 20 pL:
DNA it 1 pL, ER5I¥4 0.5 pL (10 pmol/L),
1.6 uL ANTP (10 mmol/L), 2.0 pL Tagq buffer, 1.2 L
MgCl, (25 mmol/L), 0.2 pL Tag 4, 13 uL
ddH,0, ¥ ¥4FEF R : 94 C FAEM: 4 min, 94 C
M 30s, 52 C Bk 30s, 72 °C ZE{# 1 min, 7F
Pz e 30 MEER, JEISEUETE 72 °C T AE
fift 10 min, PCR 4 34/ WI7E 1% HISHEBENL I i

FPHLURASIN, Ry 177 SMEKRY PCR 724
& AR AR AT IN T
1.2.4 & AR o A i A

Yy F 43 A L5 (SDMs) W Fk MAXENT #% K
RERLRY ORI T RIS, KR A
A3 BG5S R R RS SR AR S A, iR PEAL
SRR T3 BT P o AE 1 43 A X8, A
MAXENT v3.3.3k #4521 1) 43 A0 15 B 38
B FBE RS, YA A S IR I E A
FEHAFRIRME R R, AR 2T MAXENT
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v3.3.3k B, TN e LLAR Y i SOR UK (Tast
glacial maximum, LGM) [ T7E R X . T4
() s LR A o A it B HR P A A MR
AL B, BOE BRA | AH O STk bk
00, v [ G e S A R LA o A S AR Aok
TEPIMAAREE, J—H5k A hEEFEY
AL (http://www.cvh.org.cn), 53— 7T, MEEA
Yy Z R B LI (global biodiversity information
facility, http://www.gbif.org/) 25 LA E 49 43
AR ARARE B o fea AR 150 4~ LR oA
G/
1.2.5 HdE B A

i H SeqMan (DNAStar, Madison, WI) {4
X AR A% () T ) F0 2 ) ELAD P HHEA T LT DF T
J5 A Geneious 6.1.8 (Biomatters Ltd.) %% Clusta-
IW J5ikE AR, ZJfdiH BioEdit 7.0.9.0 HifH
XHEFP AR T N TR s FIH] DnaSP 5.10 k47
XF DNA JF3 A8 07 85 . DNA 43 F B R  BHF
TR ZFENE (h) M SRS AL 2250 (Hy) iFAT580 T Xy
Br, H4E Nei f3H8 I ik, IRYE7E AT (K b
Ny BN Ny=(1-Fgr) 2Fgp HEIERT (V)
FEXIFEEEFT Tajima’s DY, Fu & Li’s D* | Fu’s
FIP PR 56 N2 G Be o Mk 305 fdi I #% )% PER-
MUT A3 53T 5A e B nyst i Z e (Hy) Ml
MRENF R 2R (Hs), RIS T AR e AL
I R B Gor Al Ngp, #EAT 1000 ¥RE 446 50,
I AL Ggr Fl Ngp BRI, Zr A Fpfie(a] & 5 47
TESEG I HZERY . 37 Ngr>Ggr (P<0.05), FHH
LB A0 Y B AR DA A R (] 5 R B g A 1Y)
MEH AR, RIFFTE R e M BREE AP, )
Arlequin F A #4753 F 78 5 70 B (AMOVA), i

KoM RENFIRD R AL 25 57, RIS Ah R it
bl F;™". fJa, EHPERRGELRE L
%, iz Modeltest 3.70%ii % A1 1) #E ALY
K H MrBayes 3.1.20F2 44 2 D1 -, il FH
LR B R BRI SRR -RIB Tk, DAREHLR i b
B, AR 200 LR 1 ERBY, 525017 25% Tk,
T 2 AR FH R T 53— B0 RN 45 43 320 S g Al
(posterior possibility, pp).

TR kAL, M WorldClim (http:/ww
w.worldclim.org/) F#% 19 M E. 2 [6) BAG B
YRR F, 45 Biol~Biol9. &, Wik
FHAY 150 A g LS o0 A B b 19 A A=<k A
THIH MAXENT v3.3.3k 5, B8l HAe 24w &%
AR YDA B VAL 53 A1 DX

2 RS0

2.1 = #E cpDNA BRI 1) o0 A e 2 A1

XF psbA-trnH ¥ 5 HATHEF FIN THRIE, JB
% psbA-trnH FATHRIGE 4, FE 42K 419 bp,
7t DnaSP 5.10 X} psbA-trnH 55 P&, 4t % B
4 AT, A4S 2 A BAL RIS AR SR 2
BRI (R 2),

FIJH DnaSP 5.10 # A7 ARG 400, A5
F| 3 FheAfERIZSA ) B HI, H2 M1 H3, HE{E
HIHB B M AR R LI 1, 25 A udasb e,
AREER T2 A1 T3 B NFIREAAE 2 R, 3
A 23 AR 1 RS  BRAEAY H S A
JT, ZREFEETL. gt JohE SR . W 18 A
Pl rf AT B R HL ;2% [ 2R g BRI E T2 A1
T3 BA5 H1 A1 H2 PifFpep i A, H H2 U 3T
ZRERREH T2, T3 KORIHZER B IPZ (1) 3 4 Fh

%2 B cpDNA psbA-trnH 3 N EEREHT R

Tab. 2 Variable sites of aligned sequences of cpDNA psbA-trnH of three haplotypes of F. altissima
psbA-trnH

vesid) 9 9 9 9 9 9 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
haplotype 1 2 2 2 2 5 6 6 6 6 6 6 6 6 6 6 7 7 7
3 4 5 6 7 8 9 0 1 2 3 9 0 1 2 3 4 5 6 7 8 9 0 1 2
H1 A T A T A A A — — T G A — — — — — — — — — — — — — A
H2 T T A T T A A T A T G A — — — — — — — — — — — — — A
H3 A T A T A A A — — T G A C A T T T T A A A T A A A A

I RPEANE psbA-trnH FEFEPRIREENL E: 4 DMRFRALASHET 930 97, 220-221, 259-271, FFIHLER: " RRAEEH k.
Note: The values in the table represent the base positions in the psbA-trnH matrix; the four variant sites are located at 93, 97, 220—221, 259-271 and are

bolded; “—” represents base deletion.
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e PSR 13 A BT PR A IR X 4
A, BRIAZ T IR Z % 7=0.000 22, HL
2850 H=0.282, B/nm LbsFRES L2kt
PEBAIK
2.2 LSRR A KRS

X} AR 25 A FhEE 177 A~ B9 cpDNA ps-
bA-trnH 7 Bti#AT53Hr, PERMUT 43#r s . Fil
BEIR] R 038 % ZREME Hy (0.378) T8 TRl RE N -2
WBAEZREVE Hg (0.043), Fifistf ik Gsr=0.887,
Ng1=0.799, Ngr<Ggr, F<HBHHBORERIBA IH 1Y
RO BREE R, RISEZOC R B i A R B A
8 R A A R B A AR, AR
S ¥ 3 R N,=0.260, AMOVA % #F (£ 3)

T m L 97.80% 1135t A5 A48 SR IR TR E ]
A 2.20% AR SERIETREEN; LR FELA
FEFPRENE], FIHEN AR SAR A o L 9 T A ]
13845 0k Fsr (HAE 0.000~1.000 22 [&], 5% B Fil
e st 1L e AL R E AN TR . il an . FhfE JPZ
5 A ZEOR B 46K, B A Fsr=1.000,
RS 5 R = LU psbA-trnH i BELF R
%5, Tajima’s D=—1.036 (P>0.10). Fu & Li’s D*=
0.645 (P>0.10). Fu’s F,=0.421 (P>0.10) 1) ¥ 1
{EY I RAR G, R & LK psbA-trnH B 5
kA, RAZBIERVER . SR, REC T 4
BTt SR 7R 2 T 43 BT il 48 2 B g X (] 2),
O AR P2 e R K

#= 3 AMOVA S irgER

Tab. 3  The result of molecular variation analysis of variance (AMOVA)

AR SRV H BT # B 007 A5 5 H A5/ % AL Al
source of variation df sum of squares variance components percentage of variation Dgr-statistics
i H] among populations 24 288.880 1.719 97.80
T fE N within population 152 5.867 0.039 2.20 Bs1=0.978 (P<0.01)
JAT total 176 294.740 1.758 100.00
1.0- thera W4 " ) F. oblique. F. rubiginosa 1F kA
W2 {H observed values Sp g % .
” nBank H psbA-trnH JEH!
081 -- o -- 2B 1A expected values Jeht, M Ge K T 2 p gl

o
o

o
~

i
frequency

o
()

0 2 4 6 8

10 12 14 16 18 20
BRT 22
pairwise differences
2 ELU#¥S cpDNA psbA-trnH BHRKLE D 5T
Fig. 2 Mismatch distribution for sequences data of cpDNA

psbA-trnH from all individuals of F. altissima

2.3 FLIHE psbA-trnH BT R G K E AT

3 Fh B A R 1 ANREARVE IV, H
THAEPFUHRGERE LR BT E LR
J& FH5 I J& (subgenus Urostigma) ¥4 V.2 (section
Urostigma) ¥ £ W 4H (subsection Conosycea) i
HMEMS (F. stricta). TURVE (F. drupacea). /Nt
¥& (F. microcarpa). JEEH (F. maclellandii).
A5 (F. curtipes), TEWHE (F. benjamina). il
P ¥5 (F. benghalensis), LA J subsect. Malvan-

s (P95 BARTERGKER ), FE DI,

g R (K 3): ok H IS 41N subsect.
Malvanthera W 2EHE4 A BB R MR R, IF15 3
BUF 3R (pp=0.95) FRTT, = LKA BN [F] LA 28
ZIAIRAEIE MR 2, o H1, H3 AP 5L 5
d PR R R 132, (HZ R BAR (pp=0.78);
H2 A5 AL 5 B T IHiAR 2 1 i R S0 0 2H ) ol
B3, SFPRFERER (pp=0.63). 4R HI .
H2 1 H3 =R B8 2 [6] D) e 5 3 e W) b ] 1Y) &
GERRARG BB R e, B2 3 T i B B
BARAEEIRR
2.4 AR A R 4

I PH e AR AL 7 R ASADL S ey LA S 0 v
TESFATIX, %53 X5 H AT & AR 2 X
REAHE (# 4y FIFHARAT A 2304 X EHE 5 R
K AEZE G, BEHUESR TR &I EAR K
W (LGM) £77E 3 D EZRA PG, WP I
AESE, e IR 3 > FEWAE S X 1K
W5 3 AR T EOR AT IR
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GU935087 F. benghalensis

0.78

H1-E1
——JQ774189 F. microcarpa

0.95

,—JQ774186 F. maclellandii
|—JQ774159 F. benjamina

0.63

B KR532783 F. stricta
_|:JQ774169 F. drupacea

JQ774154 F. curtipes
,—KM895141 F. obliqua

|— KM895287 F. rubiginosa
0.003

TE: KT 0.50 WSSt AR a a2 1o

Note: Bayesian posterior probabilities (>0.50) are shown above the branches.

3 ET cpDNA psbA-trnH F5IEFFHIIERT 50% DU ET—EUiE#

Fig. 3 Fifty percent majority rule consensus tree from a Bayesian analysis of the cpDNA psbA-trnH sequence dataset

©0-02 £02-04  ©04-06 PRI S ZRE ARG S50, IEor i LA+
206708 =080 ocnoda WAhAS. BEEHT N2 T R S
H AR B EF5T, FEARE PR N
e R, ML T 10 DRI cp-
DNA F Bt F ARG & i vs B9 438, 455 1
TE psbA-trnH RGN E] 4 A8 A7 5, 3
e, DT S5 107 e LI AR s AR AR AR, i
TXF psbA-ornH @53 AT 7R 5 LLIAEFPRE (]G AY
TR AL ZREVE R Hi=0.378, SRR Z A5 FI
LGM B 22 A 43 ) R h=0.000 22 AT H=0.282,
' A% T HA AL A6 X L5 cpDNA S 1YSF-
> PIs e ZREME (H=0.777) e 43303 X T3 A FIHE A
5= 1Y ) cpDNA 3 1% 22 B¢ ¥k K F F 25 (8 (Hr=
0.790)""*21; [a] i3 HA ARAR AR R N P88 4
2R (Hg=0.043), 1% /R H 4R cpDNA H BExf
8 7 SHE e S e s o 00 S I e [ R AR ) A i 1 22
PR, B THOEGHIRESf HA —E (72>

Present

4 BUIELEETRAOR B KRB A TE 2 X g

(BfE%%: N22°0 E 110°) (B I e [ AR AR AR R 2%
Fig. 4 Potential distribution of F. altissima at present and TE 34> psbA-trnH HAERIYh | H1 At )
LGM (reference lines: N 22°, E 110°) 2, TEEREE . ZRE . 460 RKE 50 X
n 20 DMRVEERRA HI A58 oA, b = Y R
3 itig A ZEE A 18 AR 2R A HT B

cpDNA 754 K 208 T MW o bt i 1 B o A B B B AR AR U ERUR ™, RIS AT IX
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