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Analysis of Genetic Diversity of Pinus latteri Mason Nature
Populations in Bawangling of Hainan Province by SSR Markers

CHEN Hu, YAN Pei-dong, YANG Zhang-qi
( Guangxi Academy of Forestry Sciences ,Nanning 530001 )

Abstract; To reveal differences and characteristics of Pinus latteri Mason natural populations in Bawangling
forestry area of Hainan province on the level of genetic diversity, SSR molecular markers technique were used to
study genetic diversity of 350 single individual plants representing 6 nature populations of Pinus latteri Mason. The
result showed that 38 alleles were detected using 12 polymorphic SSR primers. The observed heterozygosity (H, ) ,
expected heterozygosity ( H, ) , Shannon information index (7), and Nei's expected heterozygosity were 0. 1933 -
0.4679,0.4150 —0.5321,0.5225 - 0. 7384 ,and 0.3451 —0. 4819 ,respectively. Pinus latteri Mason had a low ge-
netic diversity level among populations in Bawangling. The proportion of genetic differentiation among the popula-
tions accounted for 0. 0628 , suggestting most of variation (93. 72% ) appeared within population. The 6 populations
were divided into 2 groups based on genetic distance ,showing that the genetic distance was less significantly related
with the geographic latitude , but was not strictly according to the geographic distance clustering, while was influ-
enced by natural geographic isolation.
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HRAE 3 0 1 AR R 37 IX B B | fR 3 XA o
912 P LROHE T R 1 fik , 18 BT HE K RN (R
K A A FET 6 A FZ A RE, IF AL IR
FETE /N AN R SRORI B30 73O 12 S JE e, 1%
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Table 1 Origin or collection place of materials used in this study

FiEa JEE 2 (E) HEE(N) K (m) SRAEA AL
Community Population Longitude Latidude Altitude Sample size
HEK HS HSI 109°14. 007" 18°58. 483’ 840 30
HS2 109°14. 149’ 18°57.318’ 630 29
HS3 109°13. 987" 18°57.424’ 659 30
75 DL DLI 109°10. 264" 19°01. 451’ 737 30
DI2 109°18. 865’ 19°04. 631" 701 30
DI3 109°11. 460’ 19°03. 176’ 740 26
R X NCH NCHI 109°12. 428’ 19°09. 440’ 625 26
NCH2 109°12. 028" 19°09. 732’ 572 30
7K H ST ST1 109°13. 668’ 19°00. 177’ 768 31
ST2 109°14. 877’ 19°01.933’ 762 30
A TC TC 109°12.081’ 18°56.936’ 644 27
FF WX WX 109°07. 123" 19°02. 184’ 665 31

HS : Hongshui ; DL : Dongliu ; NCH ; Nanchahe ; ST ; Shuitian ; TC ; Tongcai ; WX ; Wangxia. The same as below

1.2 REFH*E

1.2.1 DNA HJREL R R 1Y CTAB 35 48 HL
5 DNA, ] TE ¥ f# DNA, FH 1% B I8 0 5 11 o
TR AN 66 BE TG T DNA 5T Flvk B, O i
OB £ KR R E R B E 50 ng/ul, - 20°C £
e .

1.2.2 SSR 5|¥FiE  FrH SSR 5149 2R 4574
ARB B A B IR 4 X6 15 R M PR 41 DNA U i 74
L4 DNA JRalmise it & w2697 & 127 X, F
FH PR A B G 1Y) 4 A1 1108 B S AA SRR 3
ATV 7 38 B A SR RE S DNA X 127 X5 514
HEAT PCR I3, 0k th A3 H 1 255 R0 4% T B 14 5|
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Y SR J5 PR EOS AN A JE AR R AL DNA 5 %)
WIET | Wy e AT 52 0, EER 12 %t B 2 8P SSR
ST AR,

1.2.3 PCR ¥# SSR KWIRFR K 10 plL, f 45
DNA (50 ng/uL)0.8 uL.10 x buffer (75 Mg** ) 1.2 plL.
4.0 mmol/L dNTP 0.2 pL.30 wmol/L I FEI#%&
0.5 wL .DNA A& (2 U/pL)0. 15 pL, LB 1K
%10 pL, SSR WV FEF:94 CHAEYE 5 min;95 C
ARPE 50 s, S PEIE KIRLE 58 °C 40 5,72 CAEfH145 s,
PEH 30 ¥R ;72 CHEAH 10 min, PCR JZ W 7F Biometra
Tprofessional PCR I EHEAT

1.2.4 BRGERRERKBX(PAGE) PCR W
5RO 2.5 wL 6 x loading buffer R4, JU1 WL 314
PHIITE 6% (M BRI TG E IR 53 15, FELURR A 200V, HY,
HRZE A 1 x TBE, HLK7E Bio-Rad 300 % H ik {¥
(Bio-Rad Laboratories, Hercules, CA, USA) F#47, %
H8 Y. M. Charters %5 (7 iR Y 6, TEIRAATF
(sl Tae

1.2.5 HE\EHRITRBESHITE SSR LB

1 2 3 45 6 7 8

Pl ¥ Pz

ic, B G I IE R —A500 SSR FRichis  #E A 1
Zli KN A B .C\D E--- #1755, ZJ5 LA AA (AB
BB UM TSI A Excel %, R JH POPGENE32
B T, G T S B TR R R I R
PV 5¢ 55 o 5L A H (N, ) A 3055 o 5: R H
(N,) WERZA R (H,) AP I 24 A B (H, ) Shan-
non ZREEFEEL(T) Nei's HHERZL A FE Nei's L1 &
(D) FERMERE(F,) FBEFF (N, ) 55, HR4E POP-
GENE32 {43015 2 st f% 23, FH NTSYSpe 2. 10e
BAFARAF s (L E BB , R UPGMA ki TR 2
IR, IR R IR

2 FHRE5HMH

2.1 SSR 5| ¥Hy 05k

ML A IF & 1Y 127 %F SSR 519y th ) 45
TE 76 XA BB PIHEm RS, ZJE RAI
AR (R B B A B T 2 3, Horh 25 X5 | A
BN HA 22850, e PR 12 X 2280
B PH TARE B B A5 R A& 1 R,

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

29 30 31 32 33 34 3536 37 38 39 40 41 42 43 44 45 46 47 48

-
-

M Marker DL 500;1 ~48 . i3 44 Kt 4 5
M Marker DL 500,1 —48:Codes of the materials
1 PF713 5|34 @ e 47 1A SSR E i
Fig.1 SSR profile amplified by primer PF713 in Pinus latteri Mason

2.2 BEEMEESHEE

fdi ] 12 X} SSR 51 )7 15 /e 91 T 08 m AL 6 4>
FETE ARG 12 A B BESL 350 AMRIEFT PCR §734,
LRGN 38 ASSEALALAL, 1 3,17 DAL, 2
AR A 100% , HA 54 PF693 Al PF713 £c %, l 5
Ao HF 2 0 LR s Z R A BRI A A —
EZES . 12 DR O WESERL LB N,) A1k
RN 1. 8333 ~2. 6667, Horh e KA~ HST JERE,
HWIE TC JEBE, /N & NCHL JR B, A 8%

BN, AR IETE 1. 5974 ~2.0482 2 [a], Hp
DL3 J& #E i K, /b NCHI g e, M4
(H,)7ZWE 4 0. 1933 ~0.4697 , Hoih i Kol NCH2 Ji&
B, B/NR TC R R, MR8 G B (H,) 28 R A X 35
/N, HE 0.3320 ~0.4960 Z 1], Hirh i Kk TC JE#E,
HWCH DL3 JE#E, fe/NR NCH1 , Shannon {5 8354k
FHXT AR HRTE 0. 4707 ~0. 7384, Horb TC fEREfR K, H
Y& DL3 JEBE, fe /oA NCHI FE#E, 8 TC A
DL3 B~ BERY SN 2 REE LA i
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Table 2 The parameters of genetic diversity on SSR locus in populations of Pinus latteri Mason

JERE Population — WEEEALEEREE N,  AREFAEREN, WEIRAE H, MBI BTE H, Shannon 5 K%L 1
HS1 2.6667 +1.0731 1.7721 £0.4039 0.4263 +0.3194 0.4052 +0. 1837 0.6409 +£0.3014
HS2 2.3333 +0.9847 1.6741 £0.4574 0.4594 +0.3540 0.3599 +0.2071 0.5527 +0.3173
HS3 2.0833 +0.5149 1.8384 £0.3222 0.2425 +0.3067 0.4396 +0. 1539 0.6242 +0.2147
ST1 2.3636 +0.8090 1.6658 +0.3644 0.4456 +0.3534 0.3804 0. 1708 0.5686 +0.2235
ST2 2.3333 +0.6513 1.8771 +0.4731 0.3437 +0.2988 0.4388 +0.1669 0.6656 +0.2684
DL1 2.1667 +0.7177 1.7425 0. 3404 0.3936 +0.3428 0.4067 +0. 1558 0.5971 +0.2263
DI2 2.3330 +0.7785 1.9007 +0. 3026 0.2192 +0.2851 0.4610 +0. 1480 0.6653 +0.2209
DL3 2.3330 +0.8876 2.0482 +0.5036 0.2276 +0.3015 0.4864 +0.1745 0.7231 +0.3067
NCHI 1.8333 £0.3892 1.5974 +0.4161 0.4695 +0.4232 0.3320 +0.2107 0.4707 +0.2816
NCH2 2.1667 +0.5774 1.6223 +0.4219 0.4697 +0.4075 0.3486 +0.1743 0.5249 +0.2289
WX 2.4167 £0.5149 1.9519 +0.3751 0.2375 +0.2720 0.4737 £0. 1337 0.7072 £0.2071
TC 2.5833 +0.7930 1.9943 +0.3302 0.1933 +0.2444 0.4960 +0.1171 0.7384 +0.1877
44 Mean 2.3011 1.8071 0.3440 0.4190 0.6232

A K 3.1667 +1.1934 1.8492 +0.2464 0.3371 +0.2200 0.4511 £0.0730 0.7142 +0.1376

Species level

N, :Observed number of alleles, N, : Effective number of alleles,H, : Observed heterozygosity, H, : Expected heterozygosity ,/: Shannon’s information index

2.3 AEEEFENEESHENE

IS EEAN 12 SR Bk H K (HS) K
FH (ST) Z<75(DL) (pg X3 (NCH) \ FF (WX) B Al
A (TC)6 MRETE , N 6 BT st ZREMES (3R
3) AT LA, AR SR JE (N, ) fe KB HS ¥
% e/ MA NCH B B4 B (H,) IR G
JE(H,) 50514 F 0. 1933 ~0.4679 0. 4150 ~0. 5321 22
], B = B NCH Hg , me o5 TC JE Ve il ST
B AR BN, T A TC BETE > WX

®3 TRBEHIREESFESHST

HEV% > DL #f 7% > HS #E 7% > ST BEV% > NCH BEv%
Shannon 15 S 4850 (1) 1 Nei's BRI E F  HlAF
0.5225 ~0.7384 .0. 3451 ~0. 4819 Z[f], WA~ 2 &4k

SFRHEZ —ECh TC BETE > WX BEE > DL BEE > HS
#7% > ST B > NCH s . 256 DA LAk sie
ZAEREOT AL A 3 R AR HES — 3,3 MR EAE
—LEHER 22 5, BA A58 Z R KT DA R 2T
A TC BT > WX BE7% > DL BEYR > HS 7% > ST #f
7% >NCH #7% .

Table 3 Statistics of genetic diversity parameters in differemt communities of Pinus latteri Mason

MR B G Shannon {58, Nei's BIBEREE
H, H, it Nei's

b FEAKL WG S T PRI A 2805 (i PR 5
Community No. of samples N, N,

HE7K HS 89 2.7500 £0.9653 1.7940 £0.2775
JKH ST 61 2.5833 £0.7930 1.7799 +0.3691
#4575 DL 86 2.6667 +1.1547 1.9045 +0.3159
3 NCH 56 2.1667 £0.5774 1.6154 +0.3847
TF WX 31 2.4167 +0.5149 1.9519 +0.3751
M A TC 27 2.5833 +0.7930 1.9943 +0.3302
-4 Mean 2.5278 1.840

0.3624 +0.2452
0.3919 +0.2989
0.2836 +0.2844
0.4679 +0.3889
0.2375 +0.2720
0.1933 +0.2444
0.3228

0.4317 £0.0967
0.4150 +0. 1492
0.4561 =0. 1472
0.5321 +0.3889
0.4737 +0.1337
0.4960 +0.1171
0.4674

0.6744 +0. 1570

0.6421 +0.2136

0.6907 +0.2428

0.5225 +0.2175

0.7072 +0.2071

0.7384 +0. 1877
0. 6626

0.4291 +0.0962
0.4106 +0. 1476
0.4533 +0. 1463
0.3451 +0.1671
0.4656 +0.1313
0.4819 +0.1138
0.4309

2.4 ERHEESML

FAMEAAERETE 12 /> SSR 7 1 3848 21 45 55

T4, 6 MHEENBE S CRE(F,) AR R
0.0005 ~0. 1747 ,*F-44 0. 0628 , KI5 6. 28% )15t & 7%
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SEIFAE TREVE I, 26 K0435 5. (93. 279% ) 1776 TH
TEN UL 6 BRI A &AL oL, RIREE NI
AR SERFREIE ], BEIE R AR AR /N, URBH RIS D9 A8 57
ST T ERE WA BAL ZRENER FEZORIR, LA F (E AT
VAR R A AR (B P S 8 (V) #E 1. 1812 ~
456.7794 2 Ja] -3 45. 9668, Uit B /N9 [ (4 J A 1]
FAAE SRS (K 4) o F M F 05IER S
PRI RIERAN SR PN R]E R3S BE A 8 b BV i 250
- IRARE AT R R R EAR SRR FL A
—0.4549 V44 F AH R -0.5445,
2.5 EEEEEHEUAREMEES R

FE S ATLAE A 25 TR T 10 35 A AFABL 2R
$UAE 0.8928 ~0. 9907 = [a], H:rf 35 A% AHBLE £ 1 119
kg HS A1 ST Bff% , HUR A TC I WX B, B/ (BD st
FEFEES B K S TC 1 NCH BV . AL AL PE B
B, FIHAE AR AT 24 F 253 (UPGMA ) XF 6 M H
A TRIS T, WBRRIE T LA (18 2)  FE il
FEES 0. 082 A FKE g AR 43R 2 28, kK K AR
7S SO E R ST M AR B T IE SR IE, 4521
T AL G REE R A K,

®5 BEEERBEEHECEMEEES

F4 BHLRFEHEMNF SITEMERRS
Table 4 The F-statistic and gene flow of the Pinus latteri

Mason populations

ik WAL MR ML AR
Locus LHEMEF, SR,  RNF, N,
PF683 -0.5392 -0.2703 0.1747 1.1812
PF693 -0.3862 -0.2994 0.0626 3.7465
PF695 -0.9585 -0.9575 0.0005 456.7794
PF705 -0.2411 -0.1031 0.1112 1.9979
PF713 -0.3627 -0.2706 0.0676 3.4495
PF717 -0.8275 -0.8093 0.0099 24.9104
PF737 -0.6985 -0.6829 0.0092 26.9727
PF760 -0.1519 -0.0501 0.0884 2.5765
PF¥766 -0.7239 -0.6953 0.0166 14.8243
PF790 -0.7149 -0.6509 0.0373 6.4506
PF786 -0.4361 -0.3879 0.0336 7.1946
PF801 -0.4931 -0.282 0.1414 1.5181
S35 Mean —-0.5445 -0.4549 0.0628 45.9668

F, : Genetic diversity within populations, F;, : The total genetic diversity,

F, : Coefficient of genetic differentiation, N, : Gene flow

Table 5 Genetics similarity and genetic distance of different communities

T Community ok HS JKH ST 775 DL U NCH T WX i A" TC
K HS 1 0.9907 0.9622 0.9692 0.9639 0.9511
JKHI ST 0.0093 1 0.9345 0.9560 0.9489 0.9329
RN DL 0.0385 0.0677 0.9614 0.9281 0.9252
¥ X NCH 0.0313 0.0450 0.0394 1 0.9017 0.8928
FT WX 0.0368 0.0525 0.0747 0.1034 1 0.9861
Hil A4 TC 0.0502 0. 0695 0.0777 0.1134 0.0140 1

A LA OB AR A7 N A A A

The upper right corner of genetic similarity and the lower right corner of the genetic distance

oK
JKH

I S AT
AN
I |—35T
L i
012 0.09 007  0.04 001
Coefficient
E 2 B%iE UPGMA BESHE

Fig.2 Cluster analysis of different communities
using UPGMA method
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FRIVLER S0 BRI (8 ~20) WEER 2% 4 (0. 3689 ~
0.5852) HHEHZLA i (0. 5612 ~ 0. 742) B 4 G psl27)
WRER A IR (8.19) WEEA A T (0. 734 ) By &5 R
PRk, 5 TG R P RS A AR 8 A R R
(2.663) WELZRATE(0.5208) WIEAZREE (0.4786)
ZERLL I D. Kawase %52 W58 H AR SR 45 FART
A R 555 JE DR BSOS Fe b S Js s ) B
FAEAART Shannon 15 EFE A Nei's HIEE A2 5 14351
1E0.5225 ~0. 7384 .0. 3451 ~0. 4819, F- L4 {E 43 5]
0.6626 F10.4309 , Fibt 555 0 B FT 4 1 B by, Jb 360
RS AN SR AT B R A
(351G ZREPE AT AR A, B SR R S Sy KU 42
WYHEY) , BRAEARSS AN ER R RS BT X . 5h
Y FHARFh 1 AR AR A TR A T S AR B LR AR
N, FECE TR WA KSR ACERE AR, i L R A M
AT AE B S A B AW T R, H AR T3
BN JI MR WA SRR, — 8 FEFERZ IR T A
FRA RN e BRI 33X A] BB T B0H E I A
R Z AR R

5% o3 1k F2 B3R s R R) A 8t 4% 78 S AR
S. Weight ™ $2H 48t L /- L R B F (AFE0.050 < F, <
0.150 B EEAME; F, <0.050 B AR EE ML, F, >
0.25 MIFHARI B 22 IR, AT R AL 6 1
% FF49MER 0.0628 , J& TSk, Ul B 9 T4 RS
AR (B 5 R A TRARARR, B[] HAFAE 6. 28% )3
BRIZEL , 11T 93. 72% (A TAFAE THEVR N, EARFIL
PATETE L DR S8 U = AR I (B AASBFR  NV,,
R, B WANTEAI R B NG 234 X N AR T BRI
FERAZ T, A5 B AR A5t % 534k 2 %1 (0. 0628 ) 22
A AT SE  WFE ma A R LA RN SR 4%
AL M50 0. 134.0. 112.,0. 093 , 1568 e A A
TR IAEAL AR S, X R T R WA TEHB B A by

FEIRAE A E SR —3K

AR 6 DHEVE 0 Nei's mAEHE &5, >k H
UPGMA Jy kb7 SR 2, 45 5 WoR UK AR 7S 7K H
FRE SO RNy —2, E N AMA R —K HTHE
WA DX g ST A 73 A DX I A o U L Jk (= W TR 4K
1105 m) , T pg MEAA 53 A5 FE 4K 100 ~ 1200 m, F 2
I3 ARAE 500 ~900 m'®) | i N A A IE 45 HAb#E
& A A FERE I U PR, B8R AR 7S FE T BEVR
PR BRI AR T A R IR IR ES DL Ok ) ]
I/ T B 0 ) AR 7 TR) A KSR P 5, b
B SR ST, B A1) =2 ) A e 2 ) i PR 22
L, WK 2R 7S L 7K H R Rg 3R] 22 [i] (1) 38t 4 5%
FAEIT 3t R — A 10 I s P %) B T2 S 3
WA ZREE R b BB R 2 —, 5 FE
e

A 2 TR g O O R B R A PR SR, T
i B AR 181 2R KO R 5 A% A8 5 2 ] SR Rk 2 X6
5 B A SE PRSI R A T AR 4 1 JE BRI, 53 MR
3% 1 1A P SIS 188 £ AR PR K S RIE R WA P s
JEFIEGE [ AR VAV I R, AR R, %
AR R /S ig [ A =t e o o d ey - A S B s Y
KN HEATHE G 0] 1) - 2SR 14 I e A 1 352 4%
ZREE, BRI KX —ar B B 5% 2
FEPE 2 5 04 R A A o T | 7 I8 X i —
DX IR B R A A T (R AR, X TR SO KRR
(R ERAP B oL IAHE VR A A4 3 N2 R TR
TEAP AL HA Rk B (N E T 54K
ANHEA—ILZE, st Z RS2 MR R) ,
D R G B A 0P R AR 1) 5 1 B8 A (Cn v 7 A
HUE Ui AE ) 7 T A BT IR SR AT S ORI Y
() JEHBARATE | SR e e P 7 AL P ol R BRI B

HH . EEBF IS G B RARWAE KA
el 15 T H IR LB K AR B e —HF
Fom B

B
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