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Analysis of genetic diversity of Pinus yunnanensis var.,
tenui folia nature populations by SSR marker

YANG Zhang-Qi', FENG Yuan-Heng', WU Dong-Shan’

( 1. Guangxi Academy of Forestry Sciences, Nanning 530002, China; 2. Guangxi University, Nanning 530005, China )

Abstract: SSR markers were used to study genetic diversity of tree different nature populations of Pinus yunnanensis
var. tenui folia. The results showed that 13 sites and 37 alleles were detected. For every site,the average value of ob-
servation allele number(A)was 2.85, polymorphism rate was 100% and the average values of effective number of al-
leles (Ne) was 1.45. The average value of effective number of alleles was 1.447 within each population. P. yunnanen-
sis var. tenui folia had a low genetic diversity level among the three populations, the average observed heterozygosity
(Ho) was 0.341 and the average expected gene heterozygosity(He) was 0.281. Nei’s gene diversities (h) at popula-
tion level were 0.256 and 0.297. Shannon’s information indexes (I) at population level were 0.448 and 0.484. In addi-
tion, the three populations deviated from Hardy-Weinberge quilibrium. The average coefficient gene differentiation
(Gst) was 0.089. Most of variation appeared inner population and there was not gene differentiations among popula-
tions. The range of gene flow of different gene polymorphism sites was 4.693 —122.189, the average number was
11.17, which indicated that the habitat of P. yunnanensis var. tenui folia was limited and resulted in the limited natu-
ral variation,but there were abundant gene exchanges between each population.

Key words: Pinus yunnanensis var. tenuifolia ; SSR molecular marker; genetic diversity

B 2013-06-15 f&E HH#A: 2013-09-06
EETUE: /2 L2 9% U8 B R 05 U85 75 B ol Ak G i B R A1)
EHEB N : BT 964-) B, TP BHIE A I 4, 2B S TR L 3 2 N S AR 38 AL B A E ST, (E-mail) yangzhangqi@163.com.



14 B BEAE o 20 2 P R AR M IR AR G5 1% Z BEPE A SSR 23 11

Mt = B WS (Pinus yunnanensis var. tenui fo-
lia) 52 2= AN ) — > M B AZ B, 7 1 52N g 3L )
VAL FR MR 300~1 600 m ) V4 VH 5 A €455 b, WY
AT LA AR (23R 365,198 . 4t = B
SRIRRLERIE 3B 1 RN T RS B P B
R KA S PRAEAE T R IREE T AR A ISR
L 2L AR SO T AL . A0 - 2 g P 5 T O o 7
SRERE 1A i YR DX RE RS AR A, OF T ik 31 g 5 3 AR
FPEMRA TR (AR A5 1988) . 41T = A T
I R A S A b AR R A A IR S BB
o — Pl E 0 g O R T A e LR T P AR B
BT R Fp ) — A R R R R AR JEORE (B
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Mt = SIS IR T 20 t2d 80 4EAR, i [E
b2 B AR Y)W 5T BT X8 T V9 20 B 2 R A Y b 3 A
FERFNRE IS R B AT T HRSE, KBt = s 1
O3 A 7E R BEVL R U PI R HEAR 300~1 600 m HY Fr g
Ly, B0 A0 AR A 3 ) 3 0 R AT A5 R R
T AR KR R AR, 20 I 2= Fig AL bR — A& 7T 43 S I R
2 EARZAEAR )R . Hh FeR)Z I TR
BRI W R I ARG =R, EE
A0 2 B A s ) R R B A 40 %0~ 5000,
AP Z B SN 500 ~70% ., ENRIE
JSR 73 A 5 T A B4 L S SR A AR R T
B RE ) e B AR FVGE 1L B 52 e AT 5 DT RY IBE 2R Cpinll 1B
S5,1990) o T4 M 2 g A o3 A T AR BR L X A
RWFFEE D AHITAER i T2 25 BR B8 8 52 ™ o A0
W HAARB R T IR, NI, s K
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fR OR3P 5 0 S DL R % 4 it 2 e R B 33t 1L B R T Y
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1.1 iR 5 Rt

T2 50 b Rk A5 458 A oMl A U | bR R U5 RV bR e U
AT 2= B . P SRR IR 2 30 AMRRAS, BUA 17
TTVE SRl B B RE R AR 0 KB AR BT
R AEPE IR B HEBE | 250k 5F 8 AN (24°47720"
N,106°33"29" E) , 4r fi fE ¥ 4k 400~1 350 m .
BEARFNIE & 31 DFEA IR A ) P REAR B S | 4
Bh % FIRE % (24°46725" N, 105°20"26" E) , 4 1 7E

MR 800~1 750 m Juw [, POARHEFIR & 31 DAEAS,
BCE 78 V8 ARE Yl R A (247297337 N, 105°5"
28" E) A A AE IR 750~1 150 m JE .

5300 SR BB 6 09 T W EF E 20~ 30 L A
50 mL B0 FHRE B 78 T 5 3 DR, BEAR
PR SR REA 22 8] 9 18] BEAE 30 m LA b, R4 A
FREAR 3 A3 XS S SRR AR R 20T

R 1 RRE SRR

Origin or collection place of materials

Table 1
used in this study

BERA PR RAEHL REEEH PHWE 0. THRER
R R R TR
sroup  Sampling Sampling  Average DBH Average

name location No. height branch No.

AP AR Rl R

Leye Leye 30 16.99 20.53 17
provenance County
BEMRFP IR Rk

Longlin Longlin 31 15.48 19.12 17
provenance County
PUMRFRIE  POARE

Xilin Xilin 31 15.64 19.32 16

provenance County

1.2 LWH*

1.2.1 DNA ## R 5 44 5 Mok 4 (2004)
CTAB-FE B T8 15 ok 3h 52 BURE & 19 DNA JF % 42
I DNA #E 172l 4k  H 55853 66 BT A 1 %0 3R
Y B S PR VKR I DNA J5E it RV B L o8 48 0 DNA
Wi ke B G — RS, i-20°C IR AE4 .

1.2.2 PCR ¥ 3% Friit gl ¥y b 4 5 56 P H R
HIRA A S . Taq . dNTPs W B £ 35 4= 9 T 8%
2, PCR RS ZR A 10 pl: Tris-HCI 10 mmol/
L pH 8.0, KCI 50 mmol/L, Mg*" 2.5 mmol/L,
dANTP (dATP,dCTP,dGTP.dTTP 4 0.2 mmol/
L).51#¥) 2.5 pmol, Taq ¥ & 0.08 U,DNA 10~
20 ng, ¥4 AR Touch-down PCR:94 °C
15 5,60 ‘C15 s(AC=-0.5),72 ‘C30 s,16cycles; 7E
A 94 C15 5,52 C15 5,72 ‘C30 s,10cycles; )5
72 °C#EH 15 min,

1.2.3 3 @ M B i 5% B2 & 7k (PAGE)  SSR-PCR 7#
YIAE 8 Y0 1) 58 TN I ok Jre 56 e b Pl Dk, AR e A0, 4R
PR AL B8 R PCR 7= 0 55 A B 1 AR 22 ol , 8 6
S TN W Tk Tz 88 e (100 mL BE RS AL4E 42 g IR, 20
mL 40 % A K B e AN N-3IE R OSU TN 448 B e (19
1),0.5 mL 10% i i f2 % , 50 pL. TEMED, 10 mL
10X TBE HLUkZE i) 240 V B Lk 1 h J5 [l 5E
Petr; [E 2 10 min ([E €W 1020 LB, 0.5% LR
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ddH, O ¥k 2 WA 2 min; - H 0.15% AgNO, 4
£ 7 min, ddH, O ¥k 2 K&K 2 min, &5 T 5%
(1.5%NaOH,0.00756 % NaBO, , 1 % H ) & 475 i
Bh7 , HEAH I 5
1.2.4 SSR 31 % 0%t ASHEFE T FHAY SSR 51 4 1R
P ) PG ARR B X  FEAS PR 4L DNA I Jir 75 32 (A
41 DNA JyF I & L 91 & 127 %F, & 5%, FIH
g ol W E DO St 28 VNN ) R R UNRRLTS LY /A |
LA R DNA G 127 X751 #3475 PCR 4714,
i e A H 3G, A M S5 2R 5 T
RS A = F S DNA KE S 45 8 SR AR it 4
JE AR B W 51 W AT B0, LR T 12 X EAA 2
() SSR 519y F T2 S50 1) BF AR 352 1 2 RE PRI 5T
1.2.5 RABIREAE S M % SSR NILE Hix
0 [l — 3 438 7 b H UK S 3 — B0 ARl Bk
N EA IR, SR /N EE R B R G, X TR
(R 1 2R AT 035 L R 5 AR i B 12 0 BB AL B G
D, E-# 50 K B MR BN T 45
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SRLTRE A (B RITRE I PR ) O 5 45 o7 B LB (A A AR
S 57 KB H (Ne) , Shannon £ #EPEHE B(D L %%
R ER J A FE (Ho) AR 24 4 B (He) , Nei 3£ A
ZHE (b BEEFRE(E) . RA POPGENE32 # {4
THAR L R 431k R B (Fso) #1388 R (Nmo) , B = e
FE A (8] 1) 38045 4 AR B2 G0 4% A R 2 5 7 & Har-
dy-Weinberg Vi 72 it , B 5 45 FF 4 19 3% B0 7 1
ARBL ;s H POPGENE32 A 43 B 1538t 4% 1 55
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XS T ARSI, P B A R s 1 R .
22 A ZERRABEEESHEEL T

2 WoR 12 X P Ae I B 13 A7 37 A
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PF351 % 1.03 B & PF406 14 1.97 , - 2145 & & s
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Fig. 1 Electrophoresis pattern amplified from Leye
population (a),Xilin population (b) and Longlin
population (¢) with primer PF408

FEHE(Ne) i 1.45. 2 XF 5] 948 7 19 40 i = RE AL
Shannon £ # 4 35 $07E B 7€ 0.738~0.083 Z [a],
¥ 0,488, ML A A (E 1 FI7E 0.032~0.497
B8], 7341 0.284 ; JH B2 72 5 B (U fH M 0.033~0.889,
TR 0342 RN S 22 A WA E R RS .

AR A REA L BN T 1.391~1.511
ZIE) S35 R 1,447, MR A A AN 0.318 ~
0.381,°F-#4 8 0.341; W1 Z2 & B A {H M 0.261 ~
0.302,°F-34 8 0.281, 1B 25 FF 44 8] ) 2 & 1 K OF
ZEFERK . AW B 9 A 805 6 FE B (Ne) Fi
IR G B (He) VE R U, MR A 14 38t 4% 22 R 1
B RO AR L 2R KOF R AR (R 3D, = A
FEIAR Y Nei”s JE PR 22 0 2 48 b 19 45 1k Bl >4 0.256
~0.297, R 3 ASFEUR 1Y 35 1% 2 88 K 249 0 41K
Fie I Nei”s B [K Z K BEHRARXT 3 S FEIR B e 2K HE
J A I BRCTE AR = T MR BRE R > SRk E A, Bk B S
Shannon Z #0448 K43 B ik 45 i 45 16 — 2.
2.3 BEEESULEERRSN

St SSR s b AR S 7E BE AR (] K AE R
PR 4> A B0 R F Gt BER i L 28 7
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Table 2 Genetic diversity of Pinus yunnanensis var. tenui folia

/R DAY A A e TR A AKAF A AR R Z R A W5 B WG4 B Z R
Amplified locus A Ne 1 Exp_Het Obs_Het Nei
PF351 2 1.033 0.083 0.033 0.032 0.032
PF382 2 1.228 0.333 0.207 0.187 0.186
PF303 4 1.301 0.490 0.232 0.233 0.231
PF312 2 1.870 0.658 0.56 0.468 0.465
PF319 2 1.521 0.526 0.439 0.345 0.343
PF344 2 1.352 0.429 0.256 0.262 0.26
PF349 3 1.071 0.170 0.068 0.067 0.066
PF390 3 1.268 0.388 0.239 0.213 0.212
PF402 ) 1.552 0.738 0.198 0.358 0.356
PF403-1 4 1.305 0.522 0.256 0.235 0.234
PF403-2 3 1.463 0.559 0.381 0.318 0.316
PF406 2 1.976 0.687 0.889 0.497 0.494
PF408 3 1.899 0.762 0.685 0.476 0.474
-+ Mean 2.846 1.449 0.488 0.342 0.284 0.282
A= Observed number of alleles; Ne = Effective number of alleles; I = Shannon's information index.
RI AHZERRABENBEESEELER
Table 3 Comparison of genetic diversity of the P. yunnanensis var. tenui folia populations
RER 2 B FEARAN AR AREMFEHE SRR WER I A E WA EZ=2 e
Group name Sample size Na Ne 1 Obs_Het Exp_Het Nei
SRV REA 31 2.539 1.391 0.448 0.318 0.261 0.256
Leye population
PU AR A 31 2.462 1.439 0.464 0.325 0.281 0.276
Xilin population
B AR A A 30 2.385 1.511 0.484 0.381 0.302 0.297
Longlin population
FH) Mean 2.462 1.447 0.465 0.341 0.281 0.276
PEAT Sy BT . Fie 1 Fis 23 5 A3 ST R B T 1A F*4 EMZERBEN FSEITEMEER

Table 4 F-statistic and gene flow of the P. yunnanensis

I B e 3 — VRAAAS SE AT R RE T . A4 = A RE
PRS- 14 Fit {H A-0.210, 3 Fis {8 4-0.237, 5

var. tenui folia populations

FARAE MR R R AR b wgbagg B SRR IR R L
RERR I B Tt B . PF351 20,051 20.016 0.033 7.375
RS2 FE 50 (Fst) 76 A5 R A7 45 1 25 Ak 5 B Ry 0002~ PF382 -0.125 0113 0.010 23.690

fre s b o ] . PF303 -0.006 0.010 0.015 16.218

0.051, FEMACF- 25 ) 0.022, 7E Fst {H A HEAl F i+ 40 PF312 0.271 0,207 0.051 4.693
2 i AN RS ] A 55 DR (N 78 A ) A7 ) 28 Ak 7 PF319 0.302 0.281 0.016 15.054
[ﬂy\ 4.693’\’122189,S'Z‘i@ﬂ‘7 1117’i;6[§y§ﬁ¥12'§l‘mﬁ;{£ PF344 -0.007 0.014 0.021 11.651
N . B PF349 -0.047 -0.027 0.019 12.679

W R EERAIR (R 4, mMlES /M. 41t = PF390 0176 0130 0.010 6.065
R A ()38 15 AR 1 P B P 384G 2 PR 1 15 86.4 %0 PF102 0.426 0.444 0.030 8.014
BEURIIAG 5 13.604 st b PR MOREIR I O B A 0t o e e
o N o T PF403-2 -0.248 -0.202 0.037 6.502
B(Gs» T 0.089, XKW AR 25 B F AR A 18] F) 32 15 PF406 -0.802 -0.798 0.002  122.189
A KA, IR A2 I R AE BRI PF408 -0.458 -0.447 0.007 33.605
Mean -0.237 -0.210 0.022 11.170

3 Hib 5tk

HABEZR Ay 0.281, Nei’s F: N Z 5 FR M 2.76,

3. EMEEREESHES T
BT 13 A S50 KR K AR A 19 35 7 22 HE R 25
TR A AR R AR B A AR 45 B 00,341,

Shannon ZFEMEIEECK 0.465. FHERFAH L, I
W 2542 (Picea abies) 246 R 0.789 (Pleiffer et al.,
1997) , # ¥ ( Pseudotsuga menziesii) 2% 4 & 5 0.673
(Amarasinghe et al., 2002), BRIM# ¥ (Quercus
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Table 5 Genetics differentiation of P. yunnanensis

var, tenui folia populations

547 Index S};;;;O“ 547 Tdnex ;;;&

TR N 3% 1% Z FE % Hpop 0.422 BEAR N B9 L N Z FE 0.257
M Hs

TEIA B Z 860k Hsp 0,488 BER BB N Z 4 0.282
Pt Ht

REUR 1L Z R B L 0.864
{8 Hpop /Hsp
REMRIIIS AL ZREMET 1 0.136
{8 (Hsp— Hpop) /Hsp

BRI R Z R 0911
5 FfE Hs /Ht
WAL R B Gst 0.089

suber) 28 E M 0.648 (Hornero et al.,2001) , /&
ZREMERAR . 3X— 5 TH 5 40 = B AN E B 4 A T
TR B /N B v 3 S8 73 A B e A G, 53 — i Tl
ZH) T AR GRS A SSR Sl YA =
A FA AL 2 SRR A S0 . A B9 R T 1
FEAN SSR 51 ¥y B AT e e 1% o ) 3 FH 4 A2 07 o 7
rh O SRS W AR AL A L b A5 R K 23 A B R
O3RN S Th Z AR AR D AL (AN = AL
S5 SRAE TPy A RN S b 2 38 MBI B 2R A i
%, FEEXMEEWRIEHE A G LLE TR A
58, T HLA0 25 B R IR RF A Y % & 1 5 70 7T B
HHAAET Z RS DR AR I3 A XY 320 A G,
HTREZ B T AN K IE G A i FE G A 5802, i 4
MRS A S B AN B R 4 OC R kLR
KRR FEERHRADII .
32 WM R RABEIEEEN

1845 78 S FERE R ) /N RUBE 25 ] B iy oA, 2 &2
T A ] R RUBE b AN () 5[] 1) 43 A 2 TR 3t 1% 45 4 1Y)
PR E Z — 5 A R AR 28 A% i B A N ] g
FIIR R .l T 25 (8] 35t 1% 25 40 1 8 AT Bk 28 02 A=
B HARERMMEY BT R FEEN SR, Wit
23 () 38t A5 S5 A8 14 23 B A B T HR 0 & it Ak PR 3R 4
JH I8 75 FE W 0 3 1 BIL 1 Ay o O BR B2 st £ 47 A
FHast G Z RE VeSS 28 R

AW FETEREA B AL DAL 23 B rh 45 240 i = B AL
RARTER ] 1382 4% 53 A 7K OF BAR 4 K8 5378 53 47
TETREAA Y . REURE] A9 55 R0, 725 2 11,17, R W)
20 I 2 T P TR R NS B /N B8 A1 DX N AT LA SE 3 Y
FEH AL . WEFE 4SS A L = B . LS R P A 45
FI A JeE R P 3815 70 S 2 gy, R NS T R ) 8 A% 72 S
IR EASE 20000 o A BB A4 S 0 AL Ky BE X ) 1

%ISR LA B =7 (pollen cloud) , 3X 41 [A]
—ANE KM E & W R AR A R, A R 58 B &R
Gl MR R st i ZHE M . Al = B A b R 43 A
IR A L ELAR A S S A R T e =
Xof AR BT 5 DA T A R A Th) 6% 5 DA 52 G i
AR YRR SR A 1 347 02 AR 1 KOS R B 0 38t A 15
BRERZEURTIE A . AR 4t = A A 5
AN TSR E, A m R ERE OS2 0 A
Bk ny s W2 T A A R A AR R . Rt
N IEAT TR Al i 2 R A R AR e AR, DA
B0 3K — A ol AT B A R AR
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