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WE, ALY 1824 DNA (RAPD) 774 = B ML &2 (Amentotaxus yunnanensis) 4 /> JEBEFI & I
(Amentotaxus formosana) 1 N JEEEEL 104 NME#AT T EE BT 9 ABEHLS LT I TEME T 143 . o F
I YRKE LA SRS (S AT RPN 79.0%, 3K SRS He 4 0.2718), HZE R EAL M
GEBIEALERNEEZREEERL (PH 18.0%.6.9%;He 4 0.0688.0.0198). = &g H{EH2 /5 B (8} 81 4% 7 1L 55 7Y
(AMOVA, Gy, 1 Shannon £ HEH5 5k 0.7611,0.7503 F1 0.7526) . EHEWM, P IO 0K )1 3| &2 HIHRBUR R, N
TR S |2 (M A% VA R P RS AR S R AR B T R B IRl i 4 oy k. BUGT TR M g B2 2 SRR T
PR, 45 502 % 2 vl P B AN £ 40 2 U T -G & A B AR s % AR M0 B B AR SE L s RS A, AR B
BARERF ARG ZHENET.
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Genetic Diversity of the Relict Plant Amentotaxus yunnanensis

WANG De-lian, LI Zhong-chao, GE Xue-jun’
(South China Botanical Garden, the Chinese Academy of Sciences, Guangzhou 510650, China)

Abstract: Amentotaxus yunnanensis Li (Taxaceae) is a rare and relict species with limited distribution. RAPD
markers were used to determine the genetic variation within and among 4 populations of A. yunnanensis and one
population of A. formosana. Although high level of genetic diversity was found inA. yunnanensis at the species
level (Percentage of polymorphic loci: 79.0%, Nei’s genetic diversity: 0.2718), there existed much lower genetic
variation within populations (Percentage of polymorphic loci: 18.0% and 6.9%; Nei’s genetic diversity: 0.0688 and
0.0198, for A. yunnanensis and A. formosana, respectively). A high degree of differentiation among populations
was detected in A. yunnanensis (0.7611, 0.7503 and 0.7526 for AMOVA, Nei’s coefficient of differentiation (Gs;)
and Shannon information index, respectively). It is suggested that the historical factors, including severe bottleneck
and subsequent genetic drift during Quaternary glaciations and fragmentation in postglaciation, small population
size and low seedling establishment would have contributed to such a population genetic structure in A. yunnanensis.
Based on these results, strategies are proposed for the genetic conservation and management of A. yunnanensis.
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% (SSR) B B H FFIX [a] (ISSR) Ay ¥ KA
H B & SAFLP)EH A . 2 RAPD HiRé1 THA
A ifE R 25 DNA FIED ST ERFA
B4 ZNATHRAZHEERN.EFREM . AR
KE Erk. BERIEMBEM AR ERRSE
LR, BILTFLR W, RAPD #1 AFLP —#£, 7T LA
B R BT S 1) 53 F AR e B A

Z B I ¥ (Amentotaxus yunnanensis Li) 5}
TFEEAFMNPMIX, Bl esom &
ExE KR EYO. EEHMIEEU. formosana Li)
AT G/, £ THIR 8501000 m Kyl Hhk
t, A E K — RPN, BTz e A et
RAPR T AR PREMEFEFH. Wang F®
DO R PR A bR e 2 = i GV R VA
RAPD 74T, ATIHEA T Bz ElEEBE &ML
HEBMIRE, AFRER T - EBEELERH
Ve 3+, KA RAPD HiExT =R FEIEAS 4 4 B8
MEBEES 1| NERSE ST 20, B
MY BB BMEEN, AE R = EEk
AR AL I BURE SR

1 AR T

1.1 B xE

ZEEER MR B = B BRI, VE R 51 M
MNHLE, ZREARLINRARER. 6BH
BEMHRAEBRKEIANEN. REBHX
N A FEBESER 20-21 BEAMERIBEE F, 43 51
BERHTRE T RE TR ETZR TRES
. 5 ANEBERhEAT B MEUREAMERE WLE 1.

£1 ZERELNGERELERNEECENNENME
Table ! Localities and number of samples from A. yunnanensis

and A. formosana populations

wa mr e gren MR
Localities Population Longitude Latitude
(m) samples
BMERER Anlong 1400  105°30' 25°l0f 21
Anlong, Guizhou
BN X Xingyi 1950  104°45'  24°50 21
Xingyi, Guizhou
ERIRRE Malipo 1300  104°58' 23°16' 21
Malipo, Yunnan
P Tl i Xichou 1400  105°01' 23°28 21

Kichou, Yunnan
AlEKE

Chinshuiying,
Taiwan

Taiwan 2000 120°20°  22°50° 20

1.2 DNA fa%l&#0 PCR # 18

¥ i CTAB VAP ER % [F1 41 DNA, #3id 1%H)
e R KR I DNA R, 20 CORF &M . A\ L
# T RAPD S|#P ik 9 N EERBIEMAWH
B NFE 52 5 1H5(S26, S29, $30, $32, S37, S39, S106,
S140, S186) HT SAEHMPCR I . 84
RAPD-PCR S Sifb % A 20 l, 4055 20 ng AR
DNA, 10 mmoV/L Tris-HCI (pH 9.0), 50 mmol/L KCl,
0.1% Triton X-100, 2.7 mmoV/L MgCL,0.1 mmoV/L
dNTPs, 2% formamide, 200 nmol/L primer X 1.5 U
Taq 8. BASIYHR—A2 AR LLHERR 2
FKiRE ., KN PTC-100 ! PCR K NAY_E3t4T . [
NFRF A B S 94°C T 4 min, FHEHITUT 45
AME:94°C 155, 35-38°C45s, T2CT5s, &)
T2°CIEH 7T min. KR =YE & WA Z4E (ethidium
bromide, 0.1 pg ml") ] 1.5%3X B &t , LL 0.5
TBE KB BEK T B, BEHEME RS
LabWorks Software Version 3.0 (UVP, Upland, CA
91786, USA) &4, F 100 bp i) DNA ladder 1E 44>
TFERE.

LIKES

Al — AL = Y A (D K (0) iR
Vg, R RAPD RAEIEEEA T 54
¥7. X POPGENE v1.31 BAFUNT 8. 2 547 5 F 2
#(P)\Nei’s J& BE/K ¥ H % 44 15 $(He) Nei’s
Prih K S R AR FE A (L) 8 4% ML R UG
Nei’s 4% ¥ 25(D) KX 4% —BUE DM, F NTSYSpe
2,003 ¥ SHAN T2/ B A B e A2 s A2 BE R it 17
UPGMA %3, T ISSR A B4 Fhsid, R EAT
5 7+ B T Shannon’s % £ 1% 5 B (Ho=—3plogyp)-
Ho 43 5 7E J& B 7K S (Hpop) F1 4 F 7K S (Hsp) L+t
H, BRI RA (Hsp—Hpop)/Hsp . XH
AMOV Aprepl .01 AMOVAL.55 3440443 b 38k 4%
S AE R R R AR E I A At L, [EI BT A Mantel
test U U = B RETRAZ 4 AN R BRI 25 9 B B A 45
PR [E AR M.

2 4R

AR 2-1:3

9 > RAPD 7| ¥)3L 1 HiE MW 143 &,
AFIEENFH 71 41EH@7.33%). ZHEEER 44
JEBY I 138 &L, SN 113 &, 88
AT W 83 &K, LA 10 K£EK 2).
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Table 2 Sequences of RAPD primer and description of amplification
o O ZRIFIESS A, yunnanensis é‘ﬁ?lﬂ‘i A formasz:na

Pi“";wer F?ySeq(usenci Total nun.lber of polym9mhic Miﬁl{gﬁic Pfﬁgpfic Miﬁ%ﬁic Pogiﬁ(%p}i“ic
of loct foci loci loci loci loci

§26 GGTCCCTGAC 17 15 3 13 8 1

S29 GGGTAACGCC 15 11 3 12 7 1

S30 GTGATCGCAG 18 12 6 12 8 1

S32 TCGGCGATAG 23 22 2 19 10 1

S37 GACCGCTTGT 10 9 1 9 8 0

S39 CAAACGTCGG 16 14 2 13 7 4

5106  ACGCATCGCA 10 9 3 7 7 0

S140 GGTCTAGAGG 18 17 2 12 10 Q

S186 GATACCTCGG 16 14 3 16 8 2

T 4 MEET, BRI EHNEZ SR
B E®P) K 16.8%-18.9%, F3 X 18.0%; Nei’s
K% 8 % (He) A 0.0593-0.0724, 15 0.075;
Shannon % #¥ {4 ¥& $ (Hpop)f& & 0.0892-0.1064, **
$#14 0.1006. AN X -L&FEBEH A B AT R
B L2 5 (P: 18.9%, 18.9%; He: 0.0716,0.0724;
Hpop: 0.1061,0.1064)(% 3). #F KT L, LEM A
B EP)Hh 79.0%, EE L HHEREEHH) N 0.2718,
Shannon & 18 5 (He) b 0.4066. 5z R 1612
4 BB, AEREE R THAERK £
SR ED RN 6.9%; YMHESHAETER
12.0%- :

2.2 BEEH
AMOVA &, =i & B
PRI R A 2 AR N, I MR X 315 2R R

Hily 0.21%, TP BB RAER A R4 5
82.27%M 17.53%. {E=EERETERZ N, KIS B 4R
FAEETREBRmAER#HA R#E:76.11%) (R
4), Nei's i &4t Z 3 (Gg) Al Shannon T8
(5 H1R 0.7503 F1 0.7526) 5 W iF T EE = i f 1
¥R K B E .

ZEBER 4 M EEEP, BEREE M 0.2266 F
0.4203, 3494 0.347, TEBEHI 22 v 2 [ H 38 44 BE 55
B E(D = 0.4203), M X -t & FPRE S 2 [ i s 4%
P52 B ER(D = 0.2266). VI EEFRIPEHE B0
4 0.6569-0.7973, F-14 4 0.708 (£ 5). Mantel test
R B , 181 B BRI 2= HBE B N B AE K (r = 0.775,
p<005). RBBEEEEHITH UPGMA BESTE
~(ED, nEEEE AN ERRE R, AEEHE
a4y AXT LR 2 4.

£3 BEERANEE S

Table 3 Genetic variability within populations A. yunnanensi

Sgc*its Poﬁlﬁfion He Hpop P(%)
= FatEAERS A. yunnanensis Anlong 0.0682 0.1005 17.5
Xingyi 0.0716 0.1061 189
Malipo 0.0593 0.0892 16.8
Xichou 0.0724 0.1064 18.9
SE15) Mean 0.0688 0.1006 18.0
YK FSpecies level Hr: 0.2718 Hsp: 0.4066 79.0
Ggr: 0.7503 (Hsp-Hpop)/Hsp: 0.7526
& BTEIELS A, formosana Taiwan 0.0198 0.0299 6.9

He: B 8/K PR £ H 1% Nei’s gene diversity index at population level; Hr: #HK-F KR £ H TR
%1 Nei’ s gene diversity index at species level; Gsp: Nei’s 2 H 43 1 H ¥ Nei' s coefficient of gene differentiation;
Hpop: /E# A Shannon £ #4354 Shannon information index within population level; Hsp: %7K Shannon
% FF1EHE % Shannon information index at species level.
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®4 HTHEAMOVA)GH
Table 4 Analysis of molecular variance (AMOVA)

2 SR He & FHEM B A RH 5} BERANE LBFEFH

Source of variation df. Sum of squares Mean squares Variance component % total variance p-value

A. yunnanensis vs. i Among taxa 1 490.9786 490.979 0.05819 0.21 < 0.001

A- formosana F 14y JEBE 4] Among 3 1452.9186 484.306 23.10619 82.27 < 0.001
populations within taxa ,

J& B )W Within populations 99 487.3143 4922 4.92237 17.53 < 0.001

A. yunnanensis J& #¥ 5] Among populations 3 1192.44 397.48 18.65 76.11 < 0.001

72 ¥ W Within populations 80 468.38 5.86 5.85 2389 <0.001

®S ZHRBEMNSESAELNBE—BE ALK L)
MBREE WAHLT)
Table 5 Nei's genetic identity (above diagonal) and genetic
distance (below diagonal) among populations

of A. yunnanensis and A. formosana

BE
Population

Xingyi *hkx 0.7318  0.7973 0.6989 0.5675

Xingyi  Anlong  Malipo  Xichou Taiwan

Anlong 0.3123 hi 0.6836 0.6569 0.5193
Malipo 02266 0.3774 R 0.6789 0.5717
Xichou 0.3583  0.4203 0.3873 ks 0.6106
Taiwan 0.5666  0.6553 0.5591 0.4933 ok

Xingyi

Malipo \__

Anlong

Xichou L

Taiwan

0.00 0.20 0.40 0.60
Nei’ s #{EFEE Nei’ s genetic distance

B 1| ZrEtIEAL R & ERRIEAS B B
Nei’s i35 8 UPGMA E 2
Fig. 1 UPGMA dendrogram based on Nei’s genetic distance
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31 EE Y

H AT RAPD FH AR FHREVIE A M T
KL, BREARDMZ W@t EHTEERR
K. ZEBRFEI K2 RAPD M B8 & R %
BIEENREREE (10.53%-33.33%) ; T2
LU BEK ST RPSEHESML AT ER
32%; T B KA FUEH) 704 B R R A s 15 B
KSEB (P 68%). Hamrick & Godt "R #E &5 43 B
HRERDET SSHETHYNBESENE, B

NXERTHEINEEML AT EP)FHA
70.9%. ABFRF = mEEACE BR AWK L
B REEP: 79.0% ), HR2IEFH KT L, £2&
B 05 8 RPN A 18.0%, G BFEILAZEK. Wang
W%t & AL AZ Tawu F Tsatsayalai P3N & B 3L
45 MR RER, ENRESL AT ER
20.87%. AR F, GBEAELRKERFRS
SN AESEBRE 120%. XMHEHNE ST
EMRKEEARE, B —HHEA G ERNZI AR
HRE . T, AR RE SRR,

YRR E L HEERN 2 AERGRRXER,
57 #i B b, SR o AP 2 5 % BB IR AR E
FAM T8 A% 2 FE PR R K0, = R RIEAZ o3 A Bk
B A AT =M RN DS, B R RS
N, BHZAEEHEEERER, BEEFHERES
FEMAKF . Beah, R EfE 2 R IR 2 bt ih
MR HEEAREN. BAAILE, BELR
(Amentotaxus) B B L LISk S T2 40 A7 AL X
AR A 2 FE X, SE DU 200K ) E /R R e A2 8
23 A X BB 4E /N, KE IR BHEYE A A6
FRAR 2K ) f 4 AR h K 4, B ERAR B R A A X KA
g, HFHETROMP BARTE T RKBEBRRE
R T R EAZ B S B E . HAREXA
e s RF R EEELE N T ERRIN
Rz, S35 L 2 R KKK

AV SRR A R A 5 T I A & R KT R
ML EFEHE RS, KEGEar B8 REER NIRRT
zky) e G spog i TR ANAL A Y M N 5 L E 2
MRS, AR SAHETHYRFES
o)y icAl IR iR A A N - F - Vi A 0B B L A
T5% kA, W =g RBIEAZ R BE M B Ak 12 5 Bl
ZHEBIEEY Ge HHE R THE B A HUAESEE
fiE OA K AE D) (Bl S AR A Ger: 0.119; A R
R Gor: 0.077, B LB TP G2 0.131) B,
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KPR GEREKY, REAMBKTE E, ZEEEs
HREHBAE LN, BEXMZ S HERE
BRI, A BB BRETRERD.

FREAR I B A K P R BRI S 2
B:c L AT I TN S I S = B W L i i T2
FHARERGEERNS RS, EXWYiigE
ZEHII AN TS RAHE S, WA BT R g
fe B RSB K. RESFEEEER
R HEAE BB A, B2 BT R BRI, —
FHiEG TIRBERT, 5 THASSBENRK
HAT, MITT 3 Bt 4 2 8 O BRI A s 44 23 AL R
Rea, 55, BRFAERSN EHEICEAEER
W, ZEREYIT, ¥ R F R B R R R
B LEERER. BN TFRR, ART
1%, T BB sh i ER & T F R SR AR, 4 M RO
AL, IX L (K] & #B < BRI B (A] 0 6 5 38, n gl
JEBE AL

SHEBAZNEBEEL WK AETIE
MR, HEERAEE F DU L B4, RE e
K 5-10em®. IERAZEH NI EMNNZEF 11
TS, FERB RN 5 AN BT, BETRFEGET
BEEZH, ZHEEEZ G BN 2 MmsEE
RN, B B X 0] BURUA R R B E I R 26
a4 I, UL BTSRRI ENEH—
AR, K ErE R G B o R E R T
RIAS R A Fb R AL R

3.2 RIPREE

Pof 9345 2 P KT R AR 454 5 FLE Y
AR AL 7 8 VI OC , R P B 3t 4% 32 3 K
R (A 25 ¥ 5k 2R B A OR 40 R BHE B SRR AT
HERI 2. JUIL RS XA s i LUK 2
AKE BTN EI YT, 250 Z I A 145 2
1 B O T AR A %8 Rk 6 2R QR R 3R B
. TEXYHIRR SEHE R P o RIS RE R B R4
R PR RE R I B R AL SR G AR 5 AL 7 B
B R AL, 7 s A2 1 R R R R, LR
RN T BUR I AR 2340, Rl A JE BHER Y 1%
REIRY . HE S BRI GT-EEHA
JERE A B R 2 R, PSR B8 SR IX Y
DERIATRMRY . TR, TR E
SUEK, MM BTH TR R REREA, Rl fe
LR AR AR R

it HANEBREENABARHL, KRR,

EAHNALREAN EERDARERET S
HATE SN R & AR T RO M.
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