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E M S TR (cpSSR) 4 FAR e B K IR £ (Abies ziyuanensis) WAL T, WRA 24 HIBEE TS
7O BT IR BRI R 3P B A AR AT L I R AR R T A A PR L AR R B B KB 7 R R R R
Fil CTAB #:3#17 & DNA B42 8, i 6 X cpSSR 5| ¥ #EATH 3, 53 P2 2 95 CAEMEJG 7E 6% F 28 1 3 7R s ok
i e JBE - 3 47 ¥ UK » 8 )& B POPGEN Version 1. 31 B4 H B R WAL K BB I Nei's RE LMK
(He) ,Shannon {5 B ZHMHIEE (D) ,HEE LR E (Gst) LK Neits & . F§ NTSYSpe Version 2. 10 # /4
AT UPGMA 285347 , 3¢ 2of b 341 B 75 0 38 1% BE B3 AR 56 4 #4T Mental 8036 . Fl ARLEQUIN2. 000 %K {4 43 #7 b
X [B] | & 1) 70 5 B P9 BB A5 78 5, e i A AR S BB N3O . 4551 6 Xt cpSSR Bl # bk i 3 Wt L A5, 3L
Wi 7 AR Nei's RE B HE He 7 0. 2922, {5 B BRI BT 0 0. 4428, 2B AL R B Gst K 0. 5805, F R
BERBEMMCERGFETERE, 2HERMTEBLMFERLNERR LSO MEREHERAEZEZET
B B R A% AL, P B IR A2 Z Rl I S5 AR 2 o LAY 68.87 %,
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Abstract : The genetic variation of Abies ziyuanensis was studied by using chloroplast simple-sequence
repeats (cpSSR)markers. The individuals of seven populations of A. ziyuanensis were sampled from
Yinzhulaoshan of Guangxi,Shunhuangshan of Hunan and Dayuan of Hunan. Total genomic DNA
was extracted using CTAB protocol. The amplification reaction was performed with six pair
primers, and the fragments were denaturalized with 95°C before being loaded and run on a 6%
denaturing polyacrylamide gel. The Nei’s gene diversity (He), Shannon information index (I), the
coefficient gene differentiation (Gst) and Nei’s genetic distance were computed by POPGEN Versin
1. 31. UPGMA dengrogram was constructed by NTSYSpc Version 2. 10. The correlations between
genetic distance and geographical distance were investigated using a Mantel test. Analysis of
molecular variance was conducted to calculate variance components for variation between two
regions, among populations,and within populations using ARLEQUIN version 2. 000. Haplotypes
were analyzed using this software. Seven loci were amplified by three pair primers screened from six
pair primers. Nei’s gene diversity (He) was 0. 2922, Shannon information index (I) was 0. 4428
and the coefficient gene differentiation (Gsz) was 0. 5805. Genetic variation of Abies ziyuanensis were
mainly existed among populations. High level of genetic differentiation was detected between the
populations in Yinzhulaoshan and Shunhuangshan and in Dayuan,and the genetic variation between
the two regions totally accounted for 68. 87 %.
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J7VE 5 R A2 R R AR AT & L, W R A L, WA R R BR
B KRB RITVEH K L™, 38 3CHkic 8, KBE#k
WA it 1000 A BB S 2 BT ZE LK E
FEE R A L, 0 2 1L A B0 A AT 3 X1 G B
B AA 4+ %Y, R AENAESICRERKE
5 LOREAR A BT 600 B, Hd, KB H IR
REBBTE 450 BRAEA VBRI Z LA R 50 ¥, 2% % L
25 20 B, HA A R BEACREUNPUR , o pk A% ,
BB R EHGEREY,

it % VR Ve A2 HE A B AR 00 | e B AR R ﬁ*ﬁ%‘ﬁ
F % T m A BT 9T B A RE . SR % 8 F RAPD
G FRC T T IR A2 0 815 2R SRR T
B (cpSSR) & i 4 & J& 2 K ) — Fh ¥ B 4r F 4R ic.
cpSSR HE 271 i 7K - 1 T P9 AR, BT DL X — b
KT AR AT A 1 oF B A A KL BRI T s A
TR AY K D00, oAb, 38 AT LA R T 0 4 i) 2 7 A X
78 543 A 5 A Bl T % W R Ak D st o 3 £ - 0 Ot
SE AR A R, B F cpSSR 3 H SSR K -4
A DNA WL S, EFERBN A FEHED E
B AEA RN BEI TR RERE S
. AMRURBRLE 7T ERINER,H
cpSSR HRic Xt H #1785 R 5T

1 #RFAE

1.1 #H#

R AR B YR A2 9 b 2 43 A5 15 B0, 43 B AE ) P BEUR
B B AP B A R AR AT 1L W R AR R TS
FAbwFEE L BIRE R B B KB ARG B, SEBLT 7
NEBE, B EBORS | HH A7 B K BRI &
1o JEBEPIA P ] JBORE [B] PR R AT RBIE . REERE IR 12
OB, 3 A K R T B S . K R ke
RFREEAHORPF-70CHREEH.

1.2 DNA #2E

K H CTAB 3" #1475 DNA $#2 5, 48 BUAT 76 K
BRI 2 K.

1.3 3|#i%EBE PCR & &4 R

ZWCHR[171 6 % cpSSR 5| ¥y i 4791, 5|
Y EEAETER. 51T NE 2.

PCR 7 UNOII Thermoblock | #47, & i {& &
ZMCER(18], I X Mg IR /R A%, 14
cpSSR & I N & 25pl, 4% 1 X PCR buffer,
0. 2pmol/L dNTPs, 1. 5pmol/L. Mg**, 0. 2umol/L 3|
¥, 1U Taq fiff (K i, TaKaRa), 25 ~ 50ng [ #
DNA, PCR ¥ 14 # ¥ : 95 C Wi ¥ Smin, fil Taq §§
85°C LI 5min, ¥ #E4T 25 MG : 94 C A ¥ 1min,
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55C3iB X 1min, 72 C #E/# 1min, fEIH 45 K 5
{# 8min,

F1l T RHEBRHORD BECE. BERREY
Table 1

72 C3E

Location, altitude and sample size (number of

individuals) of seven Abies ziyuanensis populations

WIREE R
Altitude ~ Sample size

(m) (&)

JE ¥ 3 3437

Population Location

DA 1 i 7 2 T T 38 R L
Shunhuangshan, DongAn and
Xinning , Hunan
N 26°22. 414’ ,E 111°00. 553’

1701 19

YS T R R AR AT L R AR
Shengbaotang, Yinzhulaoshan,
Ziyuan, Guangxi
N 26°15. 292' ,E 110°33. 295’

YH TV B URAR AT L =
Sanjiaohutang, Yinzhulaoshan,
Ziyuan, Guangxi
N 26°15. 929’ ,E 110°33. 294’

1811 20

1781 15

DM W 7 4% B K e A 5 4 P
Mianyanglong, Dayuan,
Yanling , Hunan
N 26°24. 470',E 114°01. 756’

DZ W17 5 B K e ks b 4
Zhongniushi, Dayuan,
Yanling, Hunan
N26°25. 858’ ,E 114°02. 768'

DX ?ﬁ&ﬁkﬁgﬁ%?ﬁm
ianggupeng , Dayuan
Yanling , Hunan 0 &k
N 26°26. 221' ,E 114°03. 139’

D] W17 A B2 K e R 3 30 K 5
Jimajie , Dayuan, Yanling,
Hunan
N 26°26. 328' ,E 114°04. 017’

1470 21

1470 21

1470 21

2 cpSSRE| MBS R
Table 2 Primer code and sequence of cpSSR

Ak B3 (5'-3")

(V=% /¢
P:(\)r;: " Sequence (5'-3') No. of loci

ps3z1s CAC AAA AGG ATT TTT TTT CAG TG :
CGA CGT GAG TAA GAA TGG TTG

p30204 TCA TAG CGG AA GAT CCT CTT T G
CGG ATT GAT CCT AAC CAT ACC

pi71936 TTC ATT GGA AAT ACA CTA GCC C ;
AAA ACC GTA CAT GAG ATT CCC

P109s67 TAT TAT CGA ACA ACG AGA ATA ATC C .
TCA CTG TCA CTC TAC AAA ACC G

prisiee CTT GGA TGG AAT AGC AGC C s
GGA AGG GCA TTA AGG TCA TTA 3

pt11004g TAA GGG GAC TAG AGC AGG CTA :
TTC GAT ATT GAA CCT TGG ACA

P12 95 CAPE IS 7E 696 0725 B T 4 Ik
Je BRI b, F 75W 18 D i 3k 1. 5h, e 3k 5 A 4R g
B 97 B HEAT e, SR B BRI SR T O o I
T8 Y, B R B Ja  IMA B & ZE 55°C Ry 3
3% (0. 6g AgNO,,600ml ZE 187K ) , 3% K% 4% 10min;
BB 2 G ARE A E 55CH B 4K
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(0. 24g Fo/K B BR 84, 0. 35 KR 4, 12 R AL,
2. 4ml FRE) , B4 2~ 3min Z 44 W0, AR5 Uk 1
W, AR OGETT BB RAE.
1.4 BBEZRHSHH

FEH VK B P R — L B R o — ML 3
B LR — LB ERWHA THETLEIT B HFRIEH
1, E#Mick 0. Al POPGEN Version 1. 31 # {4
( Molecular Biology and Biotechnology Centre,
University of Alberta, Edmonton,Canada)i} & % 5%
BEAN BB O S ERRER (A= D) Ai/nA R
KRB« MLR bSO EE B R AR BT SE 1 DL R
B BB, BEREMERBA = D,0/DeD /n.q
R AFEE BB R, BT E K ALR KB 50,
%A BB R, Nei's B Z MR (He = >
— 2045 /naq REH i FAS R BRI, K
Fir W 7€ #9 AL 5 6 80P, Shannon {5 B 2 # 18 3
D, LS E S B(PPL), B H 446 R B (Gst) LA
& Nei’s 18t 1& BE 552, B NTSYSpc Version 2.10
(Setauket,New York,USA), £ #% J& B 8] i Nei’s 5t
fERE R, SRR A2 B B 1T UPGMA RE 447,
F %t o B BE B A0 58 1% BE B AH 5% 4 # 1T Mental &
1%, B ARLEQUIN2.000 # 4 (Genetics and
Biometry Laboratory, University of Geneva, Geneva)
G4 X 18], 5 B B] OB BE N BB R BRI A R
BRI RBR (e = 1/ D) P2 P ARRS | MR
E“Jﬁ% )[za.zﬂo

2 GRE5HH

2.1 REREMBEEESHY

6 Xf M4 4k SSR 3| ¥ 1 3 X} (pt63718,
pt30204,pt71936) P B B M A1 S A L&, X 3 %t
FIYTE 139 MG P ALY 7 A4S0, pt63718 H
2 LA, pt30204 PHEH 2 AL AR, pt71936 P
W3R T MR RN HE W 18 7
ARIKERFER, BEHNESMEABETEN O~
®3 ABEARTIEENBETS

85. 71% B E MR FE E L BB (DA FMBHTEIL= /A
BB (YH) (K 85.71%) , EE S WM R B
1 = B (DX) #0138 R 58 J5 8 (DD , L3R 3,

MBI AP L, BEEZH Nei’s BRE S MR
¥4 0.2922,Shannon’s {§ B ZRE M35 $ R 0. 4428
(R 3). JERE Nei’s 195 H ZH A 0~0. 3254
Z 18], B 5 B J2: 5% 3 1L B B (DA (0. 3254) , B {9 2
% 75 th B B (DX) 1 %8 B 5 & B (DJ) (0.000);
Shannon’s 5 B £ FEPE$5 BUHE 0~0. 4835 Z Ja] , B &5
F R % B 1L JB ¥ (0. 4835) , B AR Y 2 B 25 4 B B A XS
JBK B J& B¥ (0. 0000) (£ 3)., JEBEAY S5 H W
(A) FHE R 1.4286, F R FMEE I (A0 K
1.2096(K 4. HEMIMHFMEFEMRILE 5.
2.2 RERAEHEBEZRIL

AMOVA 4 #r4s  (3% 6) KB, 7 i 5 B ) 1 1t
& 43 4k (Pst) FE 0.0000 ~ 0. 9172 Z j&], F ¥ {5 K
0. 4876, 4R AT 1L CYS) FI Kk BE 7 %5 4 /& ¥ (DX) f 18t
e b BE BB (Ost =0.9172, P <0.001); i kBE
o4 JE B (DZ) 38 RR B8 R B (DED , 7 25 W /& B
(DX) 1 %% B BE & B8 (DD M 41k SSR BH £ 7
(@st =0. 0000, P << 0.001), XF %5 P5¥e 42 J5 BE 1) Ho 38
PEBS F L BE B #5417 7 Mental IR R B,
HIEEMBAEREREEMEX(r =0.8848, P =
0.001),

POPGEN 44t &M,7 NEHE SN EE S
BEA 0.3060, Hrr JRBE R BEH B RN 0. 1283, /&
BREIMEFRSEER 0.1777, RS LEE R
0.5805, B EMBETR SEMNBRETERY
58.05% , Ut B B A5 78 S F B AF7E T /& BE 1] . 8 3 ) 2
HE ¥ (Nm) % 0.3613, Nm /NF 1, Vi 0 FEBE (6] 3£ A
A RS AR ELMIFRILEN 3 MREL
EEBEN—H, P HEKRKN 4 MEBREN—4,
#A1T AMOVA 4 A K & 2R 5 Bl R
i 68.87% , AN JE BB B BIZZE S &5 6.88%, BB
WEBREER G 24.25%

Table 3 Genetic variation of the seven populations of Abies ziyuanensis

T BEAK EEMAH PPL o :
Population Total no. of loci No. of polymorphic loci %)

DA 6 6 85.71 0. 3254(0. 1655) 0. 4835(0. 2321)
YS! 6 4 5714 0. 0966(0. 1544) 0.1638(0. 2226)
YH i 6 85.71 0. 2591(0.1695) 0. 4033(0. 2323)
DM ) 4 57.14 0. 2099(0. 2082) 0. 3146(0. 3039)
DZ 4 1 14. 29 0. 0067(0.0178) 0.0162(0. 0429)
DX 3 O 0. 00 0. 0000(0. 0000) 0. 0000(0. 0000)
D] 3 0 0.00 0. 0000(0. 0000) 0. 0000(0. 0000)
Bt Total 7 7 100 0.2922(0.1962) 0. 4428(0. 2484)

55 PR (E I FrE 2 Standard deviations in parenthesis.
JEMAFE 2006858 FI13EF2H



R4 ABREAV T I ERHEANSFUEENBRY A BREME
B 31 (Ae) 7 52 B 485X B b 2

Table 4 Observed number of alleles(A), Effective number
of alleles(Ae) and Effective number of haplotypes among the

seven populations of Abies ziyuanensis

Ay A RBAFL B R
. WRH A  HAM A Rk
Porulation Observed number Effective Effective
o 9 of alleles number of number of
A alleles Ae haplotypes
DA 1. 8571 1. 5489 8
NS 1.5714 1. 1471 4
YH 1. 8571 1.4145 7
DM 1.5714 1. 3497 4
DZ 1. 1429 1. 0071 2
DX 1. 0000 1. 0000 1
DJ 1. 0000 1. 0000 1
SF-¥1{H Average 1. 4286 1. 2096 2.5

R5 RABERETMIANECEEHE

Table 5 Frequency of alleles of the seven loci of Abies
ziyuanensis
S o7 5k PR 40 3
Ve T Frequency of alleles
g FA R 1 L 2
Alleles 1 Alleles 2
pt63718-a 0. 9658 0. 0342
pt63718-b 0. 0314 0. 9686
pt30204-a 0. 4037 0.5963
pt30204-b 0. 7519 0. 2481
pt7193-a 0. 9263 0.0737
pt7193-b 0. 6652 0. 3348
pt71936-c 0. 4064 0. 5936

®o HABREZTAEHEMMEMCE m, WAL LS MEES L@, WRETH)

Table 6 Geographic distance (km,above diagonal ) and Nei’s genetic differentiation (®st, below diagonal ) among the seven

populations of Abies ziyuanensis

JE DA YS YH

Population DM Dz DX Dj
DA 0. 0000 47.2 46. 8 300. 8 302.5 303.1 304. 6
¥s ORY 1o ) [ dagtad 0. 0000 L% 346.6 348. 4 349.1 250515
YH 0.,1150 * 027858 0. 0000 346. 5 348. 3 349. 0 350. 4
DM 0. 3937** * 0, 6322* * * 0. 5336" * * 0. 0000 7 | 3.9 5.1
DZ 08513+ 0.9016% 0. 8070* * * 0.2688" ** 0. 0000 0.9 2.2
DX 0. 6720 * * 0.9172** * 0.8267" ** 013063 23" 0.0023" * * 0. 0000 1. &
D] 0.6660" * * 0L 9158 4% 0.8244* * * 0.3000* * * 0.0000* * * 0.0000* * * 0. 0000
* * *» P <0.001,
2.3 BESW s
3 itig

UPGMA ¥ Hrés R (B 1DRM, BER 8B4
i B A5 B L S R R — 3 KB Y 4 AR R AR —
32, P43 A MO0 MG B 3 IX 43 T ok . Xt — 2B R Y
TRV A2 T B (81 A 20 A 3t ™= A T BRI g A% 04k

DA
YS
B
—— DM
DZ
—-| DX
DJ

I 1 1 1
0.48 0.36 0.24 0.12 0.00
WAL PEBY genetic distance

1 EF Nei’'s #EEBUWENTRRRE T4 E#
UPGMA B%H
Fig. 1

Abies ziyuanensis based on Nei’s unbiased measures of genetic

UPGMA dendrogram of seven populations of

distance
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-4 A SSR 1E Y9 — 5 B 42 AR FEAE ) BE
388 5 5 4 40 07 R R GG AL AN BT PR B RE R KDY, A
BF 55 o ™ 46 715 31 ) cpSSR ¥ 7% B . i 1% 43 1k B M
SE-H1{E K 0. 4876, 6B cpSSR 4> FFric & i& & BF 5
RSB R N k.

YR VR K B0 Gk SSR 4 HT4E R E W, BN
R REER EFEGFETRERE (Gst =0.5805),
S35 FE AT 1L RIZR B 0L B VR VRS AL 5 40 A 1 KB
(IR A2 2 IR 72 A T W 1 3 A 4 A, TG ML IR
W 2 B B S 5 5 R 68. 87% . AW B %
WA, AM A FE AR B YRR R BE 5 K BE I 4 AN JE B IR
—4> 3 . 3% 5 RAPD M55 RO B Y
b A 6 3R A 2 T TSR 5 DO 42 VK 1 AR
A 2 S YR K 0 R 5 AR S IR AR £ 43 A
W R BT AR 2 P . kAR R T RE
VTR AL ISL B30 40 1 T 45 J5 306 s [X 85 94 3 B 4
BRI AR R, RIS AR (VB AS TR BE L
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TG 1] BT 3 7 s R AT 32 1L LB 3 1 A B ) ) 35BS
7E 300km A E , 34 i j6] A9 T R B BELAR T B2
B 3 B A2 W R R UED B BE B O B IE (Nm =
0.3613) , i Nom << 1, T 3844 Y825 AT 24 3 B J 2 1] A
BB AE ML,

R4 A A B PR R A2 R SE R B 600 4, 4
75 5 BE AR SR/NHOIR L A L Bt 4, 3L K 448 f 7T
REPERR A, B RS BE MRS L AR I AE BT 45 51, 40
7 2 R 1L 0 B 1L O VR UR Y A2 5 4 A 7E KB I
VWAL 2 IH A T B B A AL  TE TF R AR AP
T A e () 0 P 0 0 A 8 T4

i
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