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L(TEAZER BHEOF R ED SN A Y E S LRE, BY 650204)
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3 (FEEEREB AR, LR 100049)

WE: A THREGBAAILNA L5538 B (Tacca integrifolia) 5 HAE AR rg T 9 3 B 4347 I B B 140 IR 07 43 A e
Je AT R HUIR R B0 R B AR G RN AR 2 REER M, AT FHISSRAT TARic 720 SR 8 Vi B L 3
A L7555 55 B TR REHL 65N M AT T 18 4% 2 FEHERIE BEISHE £ M 04T, 5 53K V8 TESeremban 17~ B BE(19 M
PRBEAT T EhE . 19MSSRE WISt N6 s, PN AZ AL, H67.68%. “MHEBELMMAE L
¥ B 2 RE M BRI (PPB = 67.68%, Hy =0.185, Hy, = 0.292), 1E7 & BE W M 45 Z REMEHTHE % 1% (PPB =
12.81%, Hg = 0.065, Hyop = 0.044). 5 55k 75 W /5 B (Ma) (PPB = 31.71%)#tt, BRELHI3IANE BESE L REVERK(PPB
4 50:43.66%, 8.54%, 7.32%) . MaJE B 5 8 Bt % BB 2000 km BA b, BB X 8] FIT8 A4S LR 1R K(Gsr = 0777,
Fsr=0.9206), T 2% #34J& BE(7](0.28%) K JE B (7.94% Y B AL SMEEIAEHAR (P < 0.001). JRBFIAIARH 77 B K2
BAL(Nm = 0.1435) T B th Tz F L B8 A R, FrsmREAE. BRI RS, SRNBEEAER
EATB. B2, FESGRAT LA H DR 2k (4 b T RS0 DA K% 5 Atk R0 b X it 358 ol 05 3¢5 L 42 S 3 38 AR X —
X 3B 4 2 FEHEARAR (K RT BE TR A

X87: Tacca integrifolia, Bt ZREM:, BAE45#, ISSR, HIFREE, LkPATE

Genetic diversity of Tacca integrifolia (Taccaceae) in the Brahmaputra
valley, Tibet
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Abstract: Tacca integrifolia is a tropical herb with a core distribution in southeast Asia and disjunct popula-
tions in the Brahmaputra valley in China. Significant morphological differences exist between the two re-
gions. Genetic variation within and among four populations, three from the Brahmaputra valley, and one
from Malaysia, was assessed using 19 Inter-Simple Sequence Repeat (ISSR) primers. The Malaysian popula-
tion was more than 2,000 km from the other populations. A total of 165 discernible loci were obtained, of
which 111 were polymorphic (67.68%). Genetic diversity was relatively high at the species level (PPB =
67.68%, Hy =0.185, and Hy, = 0.292), but was low within populations (PPB = 12.81%, Hg = 0.065 and H,, =
0.044). Extremely high levels of population genetic differentiation were detected based on Nei’s genetic di-
versity analysis (Gst = 0.777) and AMOVA analysis (Fst =0.9206). Genetic differentiation among the three
Brahmaputra populations (0.28%) and within these populations (7.94%) was low (P < 0.001). Restricted gene
flow (N, = 0.1435) among populations may result from self-pollination, inefficient seed dispersal, population
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isolation, and habitat fragmentation. The extremely low genetic diversity in Brahmaputra populations was
probably due to the unique landforms and vicariance of the Brahmaputra valley.
Key words: Tacca integrifolia, genetic diversity, population genetic structure, ISSR markers, vicariance Ma-

laysia

4 95 2 Fl(Taccaceae) & — MU H Y104 F .
A Tl e o IX ) Bl (Drenth, 1972), HARER
KEMEREDW R EDEREY R, BAEAE
iz A . R, hTFAESH %K, ENNE
BAHE DS, BarKBEII A ARy EY . R
FEZBEMYERIFEETHFNBMNE—M &
HHEF M B E M KE AR T E 2R DE R
R OCEBRMT ), B HEYFEE. TRALK.
B 2 FE MRN8 1% 45 4 I B 75 50 5 W3R8 (Zhang
et al., 2005).

22 20 34985 % (Tacca integrifolia) X B 544 F 12
R, IR R, IERILIE. RIEE. EH.
gifa. RE. BEEASREY. DERALE
B (Drenth, 1972) (El1),7] Mgl —H 71 Bl 1Kk
1200 m, EZEF1500 m. ZHEW ST HR], GF
BRERK, BEAFRENS A, B LM
MO AXFAEBR KRR S (B, 2048
RKEEKEFEZHEBNRERIRERKT, 24
FRES . LPFEOEKY, ARBKAERFMEY
M, ATEFEMLE, MR, 2L A KL
B H%. RN ERKAEL FRR L
¥ K(Drenth, 1972). 7&K E 5B 2 T 78 A<
P, R BB O A LI A B R
HARMEY T, ¥1K600-850 m, L2 F TR
A T B(Altingia excelsa)FT R ¥ {Z(Terminalia
myriocarpa)(FMULA B HT B, 2002), X—HX A7
FiZEDLBS AR, NEE FLECEREA
o G RUAR, BB TR BR O 25, R
R ERNFA UL SEX AN E L, B
BT B HGHE R RN SR, — SR Ay
A LMRE A Ao Af . XS Y KB th T
S0y AR EE, THER KB b
oA BEE UK — UK AR R, Hoo oA X R i
Ho ) BB 45 A0 R AL EE AR, b i L B A 4
) H %A (Hewitt, 2000).

KM ERE a2 MaE EErEs
WL T 04k . BT B E PR Bk O 16 58 S5 F A,

REMAFESHILERETF. ARF. HIL
FE W AE T — 8 5% (Limpricht, 1928; Rao,
1969). Drenth (1972)7E %) 3588 E RHAEY BT 21
BITh, EEAERKENRAE, LLMEHED
10N RBFRE D, §IFTI13 M RE. MHIA
AR EFENZRRETFH A, UAMTFRER
TAAFKRE. N, BEWH. HIIEESm
HANR, MORGE. WHKEERI®A. 20
WS ERARESREGBEI 24 M ERAT
chantrieri) R AHL, 1B'ENTHI M FARF A RAE
BRHABRERARAEMNN. WTENER A
. AFEHESERE, BRI, &F
AR . BATED TS 82, £ 7 S0k % R
MBEF XM XS ZFEYRAME Y, K0
ZMAESMEEZERBR, THEAMERNS
LRATVHEHERBRK. BAXEERETR
BT HS ML ? EMEES X FEEKR?

ISSRE — MR L ER)FF 2 B ¥ % £ 5%
srFirid, RADNARIR/D>. #IEMS. TR K
AAK AR 5 (Wolfe & Liston, 1998; Harris, 1999),
HEBESNE. FREX. &4, HmE
— PR R B AR AR W M A a8 AR R S AR i
(B4, 2001; Nagaoka & Ogihara, 1997). 877K
FIISSR S 1 b5 i B A K HE & 58 A7 V1 /93> J& B AN
LRFAEMIANERREEZEERITHR, B
T LB P A X 22 20034 56 2 138t 4% 2 PR KPR
B, #MENHERSFNEE TR LY
EZ5.

1 #EFAEE

11 EMHREE

200349 A F12004 55 A 43 7 75 7 5% 2 B3 #0 1
&R A VL 4% 7 88 i it X R0 4 3R 7 3F f) Seremban
KERNLMAHENANBEE ). HP3fEa
RAFRBRHX: B H-1LO00X), 251
(MD), & Bi - T%#@BB); 1Mk A LKA T
Seremban 17 Angsi HREI'X K Ule Bendolbk
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Fig. 1 Map showing the distribution and sampling sites of Tacca integrifolia

Rl 4AHFEMHEEERFIE

Table 1 Descriptions of all sampled populations of Tacca integrifolia

JE B P FE# o 2 47 Bk JEBER /N
Population Sample size Locality Position Altitude (m)  Population size
H -1 FMD 23 2 fiiMedog 29°16'N, 95°15'E 760-830 ~500
B -TT0IX 19 {T4C»Jiangxin 29°10' N, 95°05'E 700-860 ~100
HHi-TT#%BB 23 % i Beibeng 29°16' N, 95°07'E 600-800 ~700
R 75 I Ma 19 Seremban, Negeri Sembilan ~ 2°44' N, 102°08' E ~180 ~300

Malaysia

(Ma), &NEREEBRLREL B3 A ERFE
MMEEIR B E D20 mPL B, NEBBEZED L
BEALER:, BB RENMEE H19-234 . X
LW BT 5 2 5l B AR R AR AT B T
1.2 KBHE

1.2.1 EDNARJIEE

X H ik (I CTABYE (Doyle, 1991), AT IER
SEIG I RE S FIRNABSABE AT 41k . 4tk 5 B
A4 6 EE 1l 260 nmA1280 nm R KOG # B
5 (OD1H), R J5HRIE Ausubel % (1995) 1K 7 V57 &
SDNAKIWKEFIFiE, HTPCRR K& DNAK
FE 3 FFE 4 50 ng/uL.
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1.2.2 PCRy¥ i

¥ 1% [ . £ GeneAmp PCR System 9700 DNA
Thermal Cycler (Perkin-Elmer, USA) L#4T, KW
RFR 20 uL, H 4R 2 uL DNARAR, 0-1 pL
MgCl,(25 mmol/L), 0.8 uL dNTP Mixture(% 2.5
mmol/L), 2.0 pyL 10 X buffer(Mg2+ Plus), 0.75
mmol/L3 | ¥ (FHE L K2Z R 5 AT, 1.5 U
Tag DNAKGEF. T TR : 94°CEI95°CHiAR
#£5 min; 94°C 30 sER45 s, 48°C 45 sl50°C30 s,
72°C 90 s, H35/MEH; & f572°CHEMI7 min.
1.2.3 PCR =YMETE

HEUFE10 uL, FHWRBE A 1.5% 55 6 %8 &8 e 8 vk
(0.5XTBEZ %), EB# (4, lGeneRuler™ 100 bp
DNA Ladder plus (MBI Fermentas2 & ){E 4 A %t
SFEi#E, {#Gel Doc 2000(BIORAD 2 &)
B BT AU 2 FE A .
124 HELBSSH

F T YR ATRE 19N 5 Y FE 84N B
Y AN . AEKEE LR -5y
HIKEBE -BNETHANEFTREE, BT
F—f A= . [F—ISSRAL & _EF Bk i
X1, EHk#FEMIZHO fEo1 HEFER A
POPGENE1.32 (Yeh et al., 1997) & 34T 347 .

RUEBEERESERBAEHNSHARE
% &4 55 H 4 (PPB, percentage of polymorphic
loci), Shannonfs & 5 $(I)(Lewontin, 1972), Nei’s
(1973) % Z MR (H), Nei(1973) B2
BB (Gs) N B BT B (N, estimate of gene
flow from Ggy, Slatkin & Barton, 1989). H
ARLEQUIN 2.000% {4 (Schneider et al., 2000)3#
1T AMOVA 7 #t, v Bt 4% 22 3 70 & B 18] F0 /B
WIS AT B BEMR B A5 0 fk . J3 B (8] ) ag % 28
5 [ B 5 i i Shannon’s /& B 4 b & &
((Hpop—Hsp) Hyop) K 18 8l , F TFPGA  1.3(Miller,
1997) Ky 0 = B (] #) 352 4% R BS L5 b PH R B 22 (8] 1
. FINTSYSpc 2.10(Rohlf, 1997)tH A1k
'8 FINeifd L R ¥ (Nei & Li, 1979), FH 3Nkt
ITERESHT.

2 #R

2.1 ISSR Si#aYiiZ
B8 HLIE B3N MK, K e 1/ S DNAER S,

MBS K% R (LEETEYERETRA
FAB)MIBASI YR IFE Ry WETER. E
BHITFM190514, A 1905195 B A4k
1A% A B BEATPCRY 1 3 8EAT 48 i 4
22 #“HMHFEMISSRIFE L HM

1975199 1 18 2| FIDNA ;v B 4L 165 4%,
A= 44-13%, KB £400-2,000 bpZ [H],
HAPINEREEEZT EYHKF L, BHM0H
H 4 & (PPB) 3 67.68%, Nei’s%: K % FE¥E(H) A
0.185, Shannonfs B #&8#(1)40.292. fEERFKF
b, &L EEDEPPB)X12.81%, Nei’ sk K %
FEPE(H)40.065, Shannonfs B35 (1)40.044. M
BENERRE, B3N ERNEE S MK
FHAKJX, PPB = 3.66%; MD, PPB = 8.54%; BB,
PPB = 7.32%), I 53 VG L f& B8 % % 4F A X
¥ & (Ma, PPB =31.71%)(F&2).
23 4THBEEHBRESHUEEAR

R 37 1584 2 FEVE K78 5 BE N (Hp) PP B 1)
(Hpop—Hyp) F1 5341, & A JE B 2 18] /) Shannon’s J&
B REL0.8493, X AEMMKF L, B
15.07% M EE R R AT RN, 1M84.93% M1
R R AT EERE, B ERRHESmKF
g & 4

POPGENE#SF & R XY, iR R EE
HHETREREN, AMEBEELAERNZREMEA
0.185, H 9 /= B i I 2 R & B B (H,) 4 0.0437;
J&= B 6] 2 R 43 4 R B(Gs) M 0.777, J& B (6] ) 35
&7 ey IR A MT7.7%.

AMOVAZFHT &5 R R B, HX (Al Mg &2 =
1791.78%(Fcr = 0.9178, P = 0.264), J& B8] ik
16725 5 150.28%(P < 0.001), HISK B FHLIX (8] 1 /F
B8] (8L 0 57 B R IR 5192.06%, 1 B BE A 13
1528 74N 57.94% (P < 0.001)(%3).

=FMAESTNEGERBG ER, (BHRYE
J5 5 T o 7 . 79 N L IX JR) s AR AR K. T B
6] ) JE R R (Ne) AR AR, X R0.1435 0 J& B (8] 1) 35 7%
R Hh P PR BT 2 [E] B AH O P KD B (Mantel test)
GER R, HhEE PR BRI R R & 2 B AR AR AE IEA
KFE(r= 09998, P = 0.09), BARrEIRK, 8P
HHEARDEE, XS RELEX. £
I 34 95 AR5 B AL LR, H TR B RR
B, XEANHX A R F R R AR .


http://www.cqvip.com

000 http://www.cqvip.com|

B RIS FEE AT LI 4T 22 034 55 E il 15 BRI RIVIE 5T 69

R2 LAHFEATBEMBEZHEN ESAANRES)
Table 2 Genetic diversity of the four Tacca integrifolia populations detected by ISSR analysis. Standard deviations in pa-
rentheses.

JE B Population N I H PPB (%)

X 19 0.016 (0.086) 0.010 (0.055) 3.66

MD 23 0.050 (0.167) 0.034 (0.116) 8.54

BB 23 0.041 (0.152) 0.028 (0.105) 7.32

Ma 19 0.154 (0.255) 0.103 (0.177) 31.71
BBk EE 21 0.044 (0.041) 0.065 (0.061) 12.81 (12.77)
Average at population level

Y 7K F At species level 0.292 0.185 67.68

ERASHERL. N REH; H: EHREIREE; I Shannonfs BIRH PPB: £ AL AH &
Population codes are the same as in Table 1. N, Sample size; H, Expected heterozygosity; I, Shannon’s Information index;
PPB, Percentage of polymorphic loci.

R3 4AHFFERRE. BHREUREHANBRETSR

Table 3 Analysis of molecular variance (AMOVA) within/among populations and between geographic regions in Tacca

integrifolia

df SSD Variance Variation Fixation indices P
component (%)
B [X 8] Between regions® 1 1053.36 34.271 91.78 Fcr=0.9178 0.264
HX A FE BT 2 10.39 0.103 0.28 Fgsc=0.0336 <0.001
Among populations/regions
JEEEM Among populations 81 240.27 2.966 7.94 Fst = 0.9206 <0.001
& it Total 84 1304.02 37.34

AR X AR R K SRR df: H H 8 SSD: P, Fer:
FERE; Fsc:  HH MG IR 1 87 TR0 170 5K Fr) 30 X P o R DR I A B2 R FRJE Frsp:

fRERER

i e {8 P 8 TR 1T S AR 3 X 1] ) 3R 1% 22 57
TG {85 Y T T T S fr9 b X 1) s B T £ 3

’Geographic regions include Medog, Tibet and Malaysia. Fcr, Deviation from Hardy-Weinberg expectations among regions;
Fgc, Deviation from Hardy-Weinberg expectations among populations within regions; Fsr, Deviation from Hardy-Weinberg

expectations among populations among regions.

24 RESH

R 38 AN 4 8] (K 388 44 B B9 (Nei & Li, 1979)8HT
UPGMARE, Sih4dRER, 84N MAH Tk
WREBMNMBPERAE &, MERKINEHFER
REARE, XF—PRPL KAV ERS =/
JEREIR =4 T R fE 0o
3 it
31 #MABEMREZHEMFIRESN

i B 43 A V0 [ R P e A SRR
HEZ—, —BRAASTHFXE WP EFES
) 18t 1% % ¥ M 7K F (Korron, 1987; Hamrick &

Godt, 1990). 2438 E R MR, Fmmm
MWEeBAEREKEMEESEN. XERMET

X4 FEREISSRT TR B B B AL H 77 E
(PPB), Nei’s#: K £ F£ # (H) L & Shannonfs B 5 %
(DFEWE. R, ERBEAKT L, XeEBrEdEs
B A K T Nymbon (2004)45 11 1) EH 2 HE ¥ 1
SEEIME(0.12); T H 28K 30 B BE N a4 B R
HKFEZMRTRZRLOSMRY DKL ER, 4
85k 75 W B B 8 5, AIPOPGENETH & H 22201
34 55 Z7E HE B R AT LU A JE B N ) I8 A% B R MR
i (H, = 0.028 £0.0087, H,=0.024+0.0063). J&&f
B R EAEEREAD, HERNSERBGHRE
0.145, AT R K FAHX B K (Np= 2.948), 3
AN JE BEE] B AH AL R $0°40.9896-0.9967 . R X3
NEBEE —ENMEEE, B8 hAES
b IR B AT VLR S AR, Rt o
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SBRA3 EEEREREL, MR IR BN —
MEE.

FIPOPGENE U £ i 2 71 4 §5 2 76 J& ¥ (] 1)
WA SRR, HERMEREGsr (0.777))LF
s& Hamrick 5 (1992) 15 HH R A W ) i F ¥ (&
(0.228)i13.41%, H:Nymbon (2004)% 3t B3 HY)
) F3{E (Gst = 0.59)8 K o 11 A S A 39 4 77 9 41
HEWEBHMNRMEEAERRE KT
((Hpop—Hsp) Hpop = 0.8493, Fsr= 0.9206), =%k
WHEWTEREG REER T AHRE B8 L4
M. [BEENEE AR AR AR, BB R H s AR
Ko

W R R, &R AL 55 1 Re 98 I B4y Fi
B R T 52 (o AT IX B 88 L AR 5% WL A 2
Brlb). RAF. BEEA, XRALK. HRK. &
B BERESARSRAOMEER, &EAR
W BB R E ST YN E S R%E. ERES
RS B () 388 4% KR 55 4% R 26 5% W T 8% 1 (Hogbin
& Peakall, 1999; Schaal er al., 1998; Slatkin,
1987). 815 J& BF 1 5 K 7 U /= B 4H 52,000 km LA
L B AUH B R W (Nm) 1B 75 (0.1435) . Wright
(1951)$5H, RN, <1, WiEEEAET S BUE
Bl B s o, Rk, FERRZEARE
AR TR B B N 95 EE B AR R K g
S FEERRA,
3.2 XMeMIREEEEEAR RN

VIR IR KRR L REFRENE
W, B RS EERH ARG 2 KT R
fik . Hamrick%5(1991)35 H B AW F+ & B (6] i) 158 1%
ZREPERT R e R MR S 1, T E B A
FUEBREEE—F. BRI LAHFENEST
REREAT M, EHENMRZ TSR AZTHHE
WARTAESE . B2, FATA LN HAh — 4%
PEPR A HFE 43 A7 4 3 L AR AT HE B

L ERN MG BAW, WIEEH
“fE¥) L5 1E 7 (pollination syndromes), & % 7Kk i)
TR BIERE DAL N T BT B RN L FTE
R, FLERMHNE N iZEEBRERSEES
BEPE . BRI, 58S B R U MRAR 81 £ B,
TSk o8 W0 /5 B 0033 1% 2 BEE AR X AR . I T AR
BX—IERUE? BT L3435 BRI EM 4
HATTUE, ERERE LEASEBRHNEWE

fit: WEESR . Dol X2EUER I E KL
H, RRRBERERAMRIE; X805 E I
HUBHKMUBRRRKREA LR ERGRE S,
RERBFRY . BATEZ R T S BT B34
R B RHITRN, BEZ SN SR, G
ZENBEE R R KRIESE, REAREED. S
22 7 34 55 AR W) Ji 5b— MR 2 R A B AEY)
FREALRAZNFRCERY, REEHA
FEEMREENILIESH, BEERDELET
@ BT AR, KB FFLB0RNE
S BN R FR FIHEA KKK TT#R(Zhang et
al., 2005). FTUABATIN A L0435 EH LI AKX
HERFE, BOEERMWEHELSHEALH.
— i, YFHRES AR IR TE
CEPEMTL T AR, BN RER S A O R
B, HEBHHINEER, X, FERLEER
H) % & (Hengeveld & Haeck, 1982; Brown, 1984;
Lawton, 1993; Sagarin & Gaines, 2002). th# & W,
NG EBMEE N, MAMERE, BH
HWEAL, BATZ BERFURMERK, Fikh
TRBEEHEEFAR. LM R0 ER
B4 T H B 53 A K ) B b i &, BATHEY 1
PR AR A R AR R A5 2 B, AT DAHE B 3L
NG RBEERLU BTN EN.
33 HERBENLMBFEEREILHEMW
MHE oK )i 8 AT R UL 7 (glacial refugium
hypothesis), Y BEAEFT KT F R T VI F0 44
DX ) 2 a) B 2, 32 T 4R 3 4 b 43 A0 R BT 0 o B T
B (Holder et al., 1999). 7E % =4 LLJ5 W £ IRUKHR
~MBJ UK SR BB T, #AHT R AR T AR th B 2 o
3, FEPGHEYMAMY KBS, LA EEE
KA. X ERERDRZL, 8 sfE
TEAR 3 JE B R 354G &5 4 (Hewitt, 2000). TEE 5K
ATLIR A AL T PE i AR w3, FEE R LS
s SHE S ELKERES, X —HXAERT
ENE-TX. BE-FE. REKMHSEYHEX
VL& & (Behera et al., 2002), 22254
2 BEHE S HBIX 2 —(Myers et al., 2000). H]
ThAEFEERENBERE, EHELER, #15
X —H X BN 2 A Y RO B BT (Takhta-
jan, 1969; Rao, 1994), Bkt ¥ {ff H 55 H Al 0 X
Z IR ZRATTREE R X — X 25 #38
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TRES R MG RATVLI A 2220 4 S5 B S MR S TR 71

E5RIBSMMRABKRKERILEE, BT
K3 1 R 5 24 LA R 5 U7 B e BL B AT BRI AT
A X W7 A, T BRI AR 2 M R A,
55 H R oy A XS BE 0] 1 38 1% 22 57 MR K
R, FEESEM EWEITHEKE, 5
MREHFHEEEEAORNRAREBRERA, B
BUFEAME . 7 Bl 45 R R B B AR
J& B B AN K ernL-F Jy BUF 51 bE 5 SR V5 T2 (9 /) 3
200 bp (KE, RERFED. BT, mRY KiFE
HERGH, SGaRSENo T HBRBER, &
A1k 5 E S 68 5 A1 VAT A% 1 22 U o8 AR K
LR LR, BEFRHLETE
WREEXHTHMA2ZMAEE, JrRCER
—FRIFEALT

Bt sty BHFRLAEDATATED S H
MAEYEZEETREHRELE. HEN
WLAZBHEA LS,

SE Mk
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