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Abstract;In order to explore the genetic structure differences of natural populations of Pinus bungeana in
geographical distributions. Genetic structure of 5 distribution regions was studied using 7 pairs of SSR primes.
The result showed that 14 polymorphic loci were detected in 476 individuals among five regions. The observed
number of alleles( Na) , effective number of alleles ( Ne) , Shannon’s information index (/) , observed heterozygosity
(Ho) ,expected heterozygosity ( He) ,and Nei's expected heterozygosity ( Nei's ) were 1. 7143 —2.1429,1. 1942 -
1.571,0. 1948 —0. 4954 ,0. 1726 - 0. 3116,0. 1178 = 0. 3325 ,and 0. 1172 - 0. 3307 , respectively. The genetic di-
versity was relatively low among regions but the difference was high. The regions with the highest genetic diversity
were west side of the Qinling Mountain followed by the Daba Mountain. While the Taihang and Lvliang Mountain were
relatively low. Genetic differentiation coefficient( Fst) was between 0. 0138 —0. 2242 and gene flow( Nm)was between
0. 8650 — 17. 8646 among regions. The populations with high genetic differentiation and gene flow were west side of
the Qinling Mountain and among the regions of west side of the Qinling Mountain and other regions. Genetic diversi-

ty center of Pinus Bungeana were mainly distributed in the west side of the Qinling and Daba Mountain. Therefore ,
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the protection of Pinus Bungeana shoud focus on these regions.

Key words: SSR ;natural populations;genetic structure ; genetic diversity
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Fig. 1 Sampling sites and natural

distribution of Pinus bungeana
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1.2.1 EEH DNA FIREL L b Rl SE H 4
DNA AUHEH R CTAB ¥5, 1% 350 BEK I DNA
i, ff Fl NanoDrop 2000 #8 ff i 4356 )6 B2 1 %2
DNA ¥ J&F4i i B DNA Fi B 5] 20 ~ 100 ng/plL,
HCA 4 CUkAE %

1.2.2 PCR## RA TP-M13 %OEARigHE AN
AT PCR 9734, 9" R A 3 45519, 55 1 4519
SSR 1E [n] 5| ¥ /9 5" g A1 M13 AH 3 41 A% (5'-TGT
AAAACGACGGCCAGT-3") %5 2 454 M IEH Y SSR
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Table 1 Sampling sites of Pinus bungeana

SR X 5 SR Hb 2 R e SHIA
Sampling regions Sampling locations No. of samples Sampling position
KATIIX LL PG Ak 32 A
3| 32 Ny
bEE RN 32 K-
BRIX L2 32 (1SS
PG A 30 TS
LLPGIiE ¥ B 32 Fh ¥
ZEURZRM R T 32 -
WA 32 Ly
B vH i 32 i
ZE TG Hk Rk 32 T
A 30 i B
Hw e S 32 -
KEMLX WAL R 32 - H
WALFHT 32 -
i |7 32 TS

K519, 55 3 RGeS bR A CYS Z6hric iy
M13 B E 514 (CYS-TGTAAAACGACGGCCAGT)
PCR JZ MR R I 10 L, H:H1 2 x Tag PCR MasterMix
5 pL B SIH4 0.2 pL (¥ 10 um) [ CY5 %%
65147 0.2 wL (¥ 10 wm) .DNA 0.4 pL . ddH,0
4 pL, RNFEFIT2 20,5 1 AP A AT 2 4551
Yy Y ERRY R A 95 C AR S min95 °CAEPE 30
5,55 CiEk 30 5,72 CEEHEAH 45 5,30 MEIH; 5 2
TSNS 3 2551, VG REY M 195 CARYE 30 s,
53 CiE-k 30 5,72 CEEAEf 45 5,8 PMEH ;72 CJE
JE{#H 10 min,

1.2.3 S5|#¥RiE X ME D KR 309 Xt
SSR 5|y #kA 7t , D e 5 3 101G 8R4 2% B
JER L Ik AT 1 4k 2 ARSI, SR A
ANTRI R 8 A P KA it X6 AT B 4 A8 L Dk A
W, 3% th BA 280 S5 1,

1.2.4 EREREX KBS 512 NR%
100: 1 MARF IR AT, B 1S L in A AR
HAMA 0.4 wL PCR =¥, SR )5l Fl§ BECKMAN
CEQ8000 2t £ 43 Mr 4 % PCR 45 R k17 B 4l 4
HLIK o

1.2.5 HIESHT 05191 —A5 7 SSR AR

O K R IR AA AB BB A% X174
i, 2% M. Kimura 5517 (1 550G 805 (1 36
# Ne (effective number of alleles); 2% R. C. Le-
wontin" " ¥ 5 3 31 % Shannon’s {5 & $5%k I ( shan-
non’s Information index) ;=% H. Levene'"' i) 31}
BB IEE (Ho) 5 WM 4% 4 i (He) ( expected
homozygosty and heterozygosity ) ; 2% M. Nei' "™ fi{] Ji
S Nei's WIBRAR A ;2% S, Wright' ) Y JF
T [ 258X Fis (fixation index) ; 5% M. Nej 202!
M E R F Seit it (Fse) FEPRR (Nm) G8AL I E
Fl st & — 2 ( genetic identity and genetic dis-
tance) ; e J7 K 50 460 B K 9 Hardy-Weinberg
fir, LA ESEOTA RS 6T POPGENE 32 #iff:
PEAT AR I8 A5 R DL RE 5 i AR B, R A NT-
SYS-pe 2. 1, LAk UPGMA (unweighted pair-group meth-
od) ik, A HHAR SR 22

2 HERES
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MAH JE Ho Al 4 b EL & K B9 309 XF SSR B4
o, )25 B R 86 X4 I AR B A 51 W, R S
Xt HHEAT Z ARk, Ak 7 TR A LS
PEOLE I (R 2) ., B2 B85 Wiy i
£
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Table 2 Sequence and number of primer

HE 4K Kl
No. Name Sequence
Yl 36567-992-F CCAGACAA CAGAATCAG
CCCAAATGAA GCGTCCAAT
Y2 RPtest9-F CCAGACAAC GCCTGCTAT
CCAAATGAAGG CGAATCCAGAA
Y3 919347-F TCGCCTGG GCGGGTTG
GCTTTGTCTG CATATTTGGTG
Y4 ssrPt_ctg8767-F TGGGGAAAA GGAGCAGAC
ATGGCATACAT ACCCATGGACT
YS  51113-3237-F TCCAGACAA CAGGCGTCC
CCCAAATGA AATACCAGA
Y6  48044-7700-F TACGGTGG AGGCTTCT
TCTGTTCTGC CCTGGTCTCC
Y7  PiSIFG_6058R AAGAGGTT GCTCCATT
GCTCCTCACCAA TCAGAGCAGGTC
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Fig. 2 Polymorphic primers of SSR molecular marker of Pinus bungeana
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fdiFH 7 XF EST-SSR 51¥Y7EH B br 5 D AiX 15
TR 476 A Hukk PRI R 14 S 205
BRo 19 Y3 Kl F] 3 A~ 2801540, HAth 5| Py 3546
M) 2 228N, &AL Ne [ Ho He Nei's 77
MA T 1.0042 ~ 1.7619 0. 0151 ~ 0. 6240 0. 0042 ~
0. 6239 0. 0042 ~0. 4329 0. 0042 ~0. 4324 Z[f]
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Table 3 Statistics of genetic diversity parameters

& XKW Na  Ne I Ho  He Nei's 53 5|4 F
1.7143 ~2.1429 1. 1942 ~ 1.5710.0. 1948 ~ 0. 4954
0.1726 ~ 0.3116.0.1178 ~ 0.3325.0. 1172 ~ 0. 3307
ZI (£ 3) , & ZHPEFRBON 25 XU HE 2 FE A
], Z2FE 7K P o e 1) DX 2 S R 08 PR A | JHEvk
PR R E L XA RATILIX 5 BRI X R ZE
FEPEACE JAERTRAI

X 4, FEAKL pURIIE: e EEESERE Shannon’s {5 WL 2 WG Nei's Jj 28
Regions No. of samples %L Na AL Ne )5zt 9l Ji£ Ho JE He A PE Nei's
KATILX 192 1.7143 1.1942 0. 1948 0. 1786 0.1178 0.1172
SRS 188 1.8571 1.1985 0. 2405 0. 1748 0.1378 0. 1371
A LF R 192 1. 8571 1.2143 0.2874 0.1726 0. 1656 0. 1647
ZUE PE ) 188 2.1429 1.5710 0. 4954 0.3116 0. 3325 0. 3307
KX 192 1.8571 1. 4176 0. 4281 0. 2485 0. 2766 0.2752
- 2J{H Mean 1.8857 1.3148 0.3273 0.2109 0. 2039 0. 2030
PRifEZE S 0. 1565 0. 1610 0. 1245 0. 0499 0. 0900 0. 0898

2.3 XigEEEs

B W 45 DX B ] 38 1% A AL 3R BXTE 0. 8416 ~
0.9964 Z[a], HorpasG AL R o RATILIX 5 B
Qo X3, 38 P B S F KA X oA R AT L X 5 04 7
MIXE (K 4) . DLstte AR RECH Bl % UPG-
MA JEAT RIS MR B e L E oy 0. 13

AT BRI D 2 AR, 2RI P AUAT D — 4~
SEZRRE S SRIERE SR 23y 2 ANMESERE, Hoh R AT I X
TS AR INIX AR — N0, RIS R Bt A S
RE KRR — IR (K 3) & XL
PH RS 5 M PR B SR S B — i ARG, IR 5
FHIE A DXCIERGB AL R B AR X A5
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Table 4 Genetic similarity and genetic distance of different

regions
_ ; ZRIRZRON ZRIR T
KK BRLK U xEx
[X 35 East side of West side of
Taihang  Lvliang Daba
Regions ) ) qinling qinling .
mountain  mountain . . mountain
mountain mountain
KATILX 1 0. 9964 0. 9830 0.8416 0.9822
BZX  0.0036 1 0. 9956 0. 8676 0.9893
ZIEARM 0.0172  0.0044 1 0.8941  0.9908
ZISPEM 0.1725  0.1420  0.1119 1 0.9151
KEIX  0.0180  0.0107 0. 0092 0. 0887 1

XL L7 IR A AMUBE X F e T 7 A g

Above diagonal ; genetic similarity , below diagonal : genetic distance
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Fig.3 Cluster analysis of different
regions using UPGMA method
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Table 5 Genetic differentiation coefficient and gene flow a-

mong regions

ZIGRM  FE P

. KAFIX EZIX ] KEX
X 3 East Side of West side of
Reai Taihang  Lvliang Qinli Qinli Daba

egions niin. niin;

8 Mountain Mountain 8 8 Mountain
Mountain Mountain

KATINIX 0.0138 0.0515 0.2242  0.0455
BHZILX 17. 8646 0.0139 0. 1866 0. 0283
ZIBZEM  4.6007 17.7871 0.1454  0.0215
ZIGVEN]  0.8650  1.0900 1. 4693 0. 0906
KX 5.2489  8.8528  11.3749 2.5091

XHALZ Bhy Fst S ALZ TN Nm

Above diagonal ; Fst,below diagonal : Nm
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Table 6 Genetic differentiation coefficient and gene flow
within regions

X sk N Ve wie sk L
Regions No. of samples Fst N
KAT I X 3 0.0135 18. 2868
BN 3 0.0121 20. 4453
ZEIe 2 3 0. 0770 2.9982
ZRUE P ] 3 0. 1657 1.2584
RELX 3 0. 0598 3.9290
X3 ] 5 0.1478 1.4417

3 g

3.1 EESHEEXIEENS HE

HATC A R Z W50 R SSR 70 F AR id xR
FE ) B A T 1 35t A% Z2 AR st AR 25 R B AT TR
WIS, KRS8 TR AR BT AR XA = i st R 2
FEME , IR XL 45 37 325 PR RS ORI 1 10 28 2% 5 B 43
WK 5.2 ~10.3.0.482 ~0.559 F10.626 ~0.679' >,
R S YOI 265 37 5 PR SO 09 2R 2 5 B 0 30l A 8. 19,
0. 734 P FA ML A5 437 35 PR 45 Lm0 A0 1 28 25
BEAYHIH 5.67 ~7.33.0.567 ~0.867 F10. 774 ~
0. 8370 Ik R L I 45 457 3 [R5, L) A A 2R
B R 2. 663 0. 5208 F10. 478671 IHIAS WL
A AN TR 00 T A BB 2k B 3 i R 8 ~ 20,
0. 3689 ~ 0.5852 1 0.5612 ~0.742"' | {H{ A —
SO 5 A% Z2 R VA X BAR, T H A A 08 I 45 A7
FEHCK 2. 93 IR A R 0.3817 ) db e mnt
WA B BE BN Nei's JBE 2% 45 B S 408 43 51
AT 1.187 ~1.321 F10. 118 ~0. 194" Z 1], /%
FAFEAAR A ) DX 338 [i) 08 0 45 437 56 DR B30 FE 1. 7143 ~
2. 1429 ZZa] ,SEH4{H 1. 8857 , 4% X 48 [i] Shannon’s {5
SAE F UL I RN B ER gk G BT B AN R 0.3273
0.2109 F10. 2039, Ui B 1 2 A it 1% Z AL K- AT
B, X—25R 5 R TR (ERGER
0.0986) Fl AFLP ( Shannon’s 15 & #5 5/ 0. 283 ~
0. 437 ) BFFE 45 5L AR

SO A% ZFEVE KT B IR R R IR 2 G %
ARG A RIS Sy i A REE L
FNZE, WG Sk 3 KRR 4550k
e R — BRI Sy ik 35t A% 22 RE PR KT 55 e AR
T, PR AR B AR DA U S5 22 o = iy #2807 =, (.
S FCHb P53 A7 8 AR XA AR R BN 7R R E
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Xf Fe A A iT LAt 28 06 D A0 AR 4R 5 H At X 4l 17
PRI 7K P 2 AEARR i At DX 35k Py 366 PR 90 7K S D) A X
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Bl AT RE R T 2 0 T 0 A R T8 52 2 T 5
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