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FEE R ISSR 4 FHRic A, 4301 T 5 E G HL IR 10 ASMAs K AR R A MR B 93845 281 | L5 M BEIAEE BR F I AR 56
TFFELE R 13 45 ISSR 510X 250 AAMAY B 137 S5k P ZBNLEE 402 60. 72% , AR R BN 28005 A3
SEHT R S [ B R 1] (10 B 2R 45 B S BUTE 0. 2824—0. 3702 2 [H], - 4424 0. 3210 ; Shannon £ FEPE$5 5578 Bl 4 0. 1923—
0.2490,°F¥k 0.2165, JEHFEI AR 5 5 RBE S ARG Z RN 37.53% , 2 Mantel K56, Ja#F fa] A b B0 9 st 1% BE 5
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Analysis of genetic diversity of chinese pine ( Pinus tabulaeformis) natural

secondary forest populations and correlation with theirs habitat ecological factors
LI Ming' , WANG Shuxiang', GAO Baojia> "

1 College of Life Sciences, Agricultural University of Hebei, Baoding 071000, China

2 College of Forestry, Agricultural University of Hebei, Baoding 071000, China

Abstract: The genetic diversity of 10 Pinus tabulaeformis natural secondary forest populations in northern China and the
correlation with environmental factors were analyzed by using ISSR molecular marker techniques. 250 individuals were
amplified 137 bands by using 13 ISSR primers. The average percentage of polymorphic loci is 60. 72% , and there is
significant difference between different populations with the highest value in BTM group (71.53% ) and the lowest value in
YLG group (51.09% ). Expected heterozygosity index and Shannon’s information index (1) individually range from
0. 2824—0.3702 and 0. 1923—0. 2490 respectively between different geographic populations, and their average values are
0.3210 and 0. 2165 respectively. The genetic variety between different populations are 37.53% of total genetic diversity.
Among 10 P. tabulaeformis natural populations, genetic distances range from 0. 083 (LKS to CJC) to 0.2939 (SDC to
DWP ), geographic distances range form 110. 9252 km ( LKS to SDC) to 1741.0933 km (YWL to YLG). Genetic distance
and geographic distance are uncorrelated in the Mantel test (r=0.069, P=0.360). UPGMA clustering analysis showed
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that YWL, LKS, CJC, YLGY and SDC populations were a group, and MS population was clearly separated from other
populations, and the other four populations were clustered into a group. The populations located in the boundary of the
second and the third topography steps of China ( YWL BTM,YLGY) have a high level of genetic diversity, and the
populations in critical distribution areas have a low level. The correlation analysis of genetic diversity and environmental
factors showed that allele number and polymorphic percentage of natural populations were a significant positive correlation
with the annual average temperature, the average temperature in January, the extreme minimum temperature, and were
significant negative correlation with altitude. With increasing annual maximum temperature and the altitude, decreasing in
annual rainfall, Shannon’s information index rises. Finally, get a result that the molecular variation of P. tabulaeformis

natural secondary forest population have partly geographical variation.
Key Words: Pinus tabulaeformis; environmental factor; genetic diversity; ISSR marker; geographic variation

A ( Pinus tabulaeformis Carr. ) J2FRERFARF, A2 E 14 M8 (AIRX) B EERES KT
{8, 2 TR 05 RARIIAR 5341 DAY F2 2R | [t 2 3 5 b XA BIOK i de s AR 28 P 1 B 2 5
MREFRC2 o FEARSR , AATTRF IR RARARIEA T T R R, i =2 S A s, DR TR B T A R SR PR e 3, L &2
THTE . BRI, 38 U)K IRMRGE AL 5 IR AT R, AR 1 O R B RIS L Z ARk . 78 Bilkadrp
JE IR S MG IS RAE A2 1053 B 4 A AR 55 5 T T 8 OG T IMAR R AR AR A B AR S AFF 52 K
AR 5 AR T B R OC , HARIR B R ARG, [ I B S8 bR DUt F5 5 SOAF A Hh AR S i) i e, I %
FARPIREY 20 NFFESEAT T8 05T 1000 1 7 AMAEZSTY, FEMAR B 70 T8 A% D T, SRR B8 250 45 Rk
IKOV-SERBEIE B DK 7 IR FSE T IR 18 1% 2 AR PERS RS TR AR R T S AP AEAH DG OC R 07 5 30 55 R FH BB AL
TREYHZZE DNA (RMAPD) 4 FARic R  $87R 1 IMAA 5 KR Jm BE R A 7 5 it AL 2 REpE 22 B0 22
& SIS IR IE R N IR TN B (APAGE ) BURJM At 1At DX I AR Fa REAE BSR4 11 S o 1 /K il gt
FRAED ) UEARR 2B BREE SE R T ISSR ARic B AR KT AR T PR IR A G54 R S AR BRI T —
SERFFE , ISR AR 358 e 4R T3 R SR U A B AR S A2 AR Eckert %53 18
XS AN ] JE A A 5 A8 X TBIESE DA AN [RISHRA Fa A ) 382 70 AL 1. 3, st 2 REMESR B S 4R 2l AR TR AN
FATE B AHDCHE S RGERFIE = MR R 7 55 A AR U A MR35 A% 28 S5 (1 ST LA % b A S L o e
FAT BT B 0 PR AN A RAT B2 BIE 3 S, AR5 R T ISSR BARXINIAA AR BEAEAL Z AL 5 AT
WFSE, oA 5 7 b A A PR DR 1 Y DB , DT BE 15 2 L A SRR T S R T P T A R 53 1 R i 114t T A%
SR, JF R IERA G A S PR AR A BT 98 5 B2 (it BE Al BEORL RN AR 22 4 HIE
1 ARMREARTE
1.1 HpAhHE

2011 4F7 JER) 8 A, T rg (AR b 7 5 e BRPE HOR L TAE 8 4 10 H X AYIIAN AR YA bR
HOURE SR BRI 25 AR, BRI IE R F 50 m, 3 250 AMREAS  SRAE AR B AT R A B
fif G Pl o], BT -20°C UK IRAT . b AR MR GPS MIAS, A28 MR B i e v i L A o e AT
AERETR R AR H IR R 1t A SR e TR BORH T SAS B 2 R AL B S SR B R 1,
1.2 WF5r:
1.2.1  DNA FY4RIBCRIR W M4 5

R HT UNIQ-10 #E=CH BUAE ML N 2 DNA 41800 & (18 [ B A4 TREAT R 7)) S U DNA, I B i
LU 20 ng/ L, FLA -20°CUKFE A7 4 FH o ARIEINEIEHAL HLIE R A2 A 100 2% ISSR ARic /¥4 (hup://
www. biotech. ub. ca/services/naps/primers/Primers. pdf) , i 1€} 13 /N5 & M4 B2 a0 519 H T ISSR-
PCREZI ISSRT Wy dy [ AR 4 TR A BRA w5 o 97 G 7= W 451 5 9% BRI Wi B e v Uk 3 19, TRUAL £ 5
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Pt J5 78 UVP BERSUR R G0 N WEHAIR,
1.2.3 HlEgeitmsrtr

PAF= A 435 oA 100—2000 bp B Marker DI.2000 (‘24850 ) IARAEREH , AAric/E«1”, iFicfE«o” . #
PEREAARAL 05 38 -5 -4 , #IJ POPGENE 1.32 1 GENAIEX6. 3 44X 154 EAT AL FRAE 234 , 20 13134
(1) WA HE L Na s (2) B3 RERIEL Ne s (3) WHERZR G 1% He; (4) Shannon 15 8355015 (5) 2075
HARP;(6) MIERZFREE He; (7) JEREN LN ZHEEE Hs,

I 1 SPSS 18. 0 4k E4T Pearson A FEVESMT, 8 H] POPGENE 454 L) UPGMA 5 %) JE FE 0] (4 35 2% 56 R i
PRI LI R
2 ZERE55H
2.1 A RIRE R 2R

13 A~ ISSR S 13 3511 137 D248, PR Z BN A 575 60. 72% , SN Z 8015 H 7% 100% ,F
BIR4c5 10 38 10. 54 450 (£ 2) , R 2505 4 7E 400—1600 bp (& 1), AR VAL JE#E B IEH £
FEFE(H,) 2 0.3461 , o FAAE TREREN AL Z A 8 (Hs ) 0. 2162, FE B [B] i HE K ZFE (D, ) 24 0. 1299,
AN E RN 8L AL R B Gy ) M 0.3753 , R A KR 43 TAE 52 AR TR IEN (62.47% ) o — M REEAL H
B S A A A ) B (R AR S o AR S 19 10% A2 47 IhAR 5 Z M B, AR IR i 1 . RIS Nm=0.5(1-Gst) /Gst
AN A AR BE T A0S B B R (Nm) R 0. 8323, T BH JE B 0] 77 70 AT PR A 3 R 38

Fz2 ISSRYESIH FIRTEER

Table 2 ISSR primer labels, primer sequences and amplification results

TR I B B REAls-y SRR
Primer Sequence Total bands Primer Sequence Total bands

808 AGAGAGAGAGAGAGAGC 8 827 ACACACACACACACACG 12

809 AGAGAGAGAGAGAGAGG 8 828 TGTGTGTGTGTGTGTGA 13

811 GAGAGAGAGAGAGAGAC 10 834 AGAGAGAGAGAGAGAGYT 13

812 GAGAGAGAGAGAGAGAA 9 836 AGAGAGAGAGAGAGAGYA 11

818 CACACACACACACACAG 8 849 GTGTGTGTGTGTGTGTYA 11

820 GTGTGTGTGTGTGTGTC 12 855 ACACACACACACACACYT 11

826 ACACACACACACACACC 11 -3 Mean 10.54

'

1 ISSR 5|#1(826) X475l QSR RE R MERY I HEER
Fig.1 The profiles of SDC population using the ISSR primer (826)

2 3 AT AT, 45 JE ] Shannon 5 B SR LT EIZE 0. 1923—0. 2490 ,SF-H{H (0. 2165 ) 5 Nybom ' ff 4t
I ZFAE IR KT 138G ZREVE (ZET RAPD 1 ISSR 25 BAEARC) SFI4E (0. 22 ) ML ; 4% JiE FF 18] 5] 28 2
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BIE He "SACIEFITE 0. 2824 —0. 3702, H Ll PU IR 2 e 23 Bl J B e, HR 16 0 S S RE SRR, -5 WL A6 o ik
PR A S IEA — B0 220750 73 AR LA g S R S AR FE i e g (71.53% ), L P4 MW 2= e 2 el Js Ok
Z(70.7% ) , HiliG 1 R e AR (51.09% ) .

K3 HBRABRBREESH

Table 3 Genetic parameters of Pinus tabulaeformis populations

o L) 48 £ 5 PR B AR R WG Shannon {5 B 154K EZ DA 2 S
Population Observed number Effective number Expec'ted Shann.on information Perc'entagfé of
of alleles ( Na) of alleles( Ne) heterozygosity ( He) index( 1) polymorphic loci (P)/%
BTM 1.4891+0.0719 1.4328+0.0354 0.3572+0. 025 0.2416+0.0181 71.53
clc 1.4818+0. 0640 1.41620. 0327 0.3536+0. 0249 0.2396+0.0175 63.5
DWP 1.1899+0. 0826 1.3491+0.0328 0.2987+0. 0251 0.2012+0.0176 57.66
LKS 1.4015+0.0651 1.337+0. 0315 0.2967+0. 0245 0.1982+0.0170 56.93
MS 1.3066+0. 0737 1.337+0.0327 0.2911+0.0247 0.1949+0.0174 56.93
SDC 1.4161+0. 0652 1.3463+0. 0326 0.2995+0. 0247 0.2006+0.0174 58.39
SYK 1.2044+0.0797 1.361+0. 0342 0.3003+0. 0247 0.2039+0.0181 55.47
YLG 1.1679+0.0779 1.3398+0. 0337 0.2824+0. 0256 0.1923+0.0181 51.09
YLGY 1.6277+0.0528 1.4313+0.0326 0.3702+0. 0241 0.249+0.0171 70.07
YWL 1.4380. 0709 1.4248+0.033 0.3607+0. 0247 0.2441+0.0174 65.69
3 Mean 1.3723 1.3775 0.3210 0.2165 60.72

Ne: No. of Effective Alleles=1/(p2 + ¢*2) ;1. Shannon’s information index=-1X(pxIn (p)+gXIn(q) ) ; He: Expected heterozygosity =2 XpXq;
q=(1-Band Freq. )0.5; p = 1-¢

2.2 JMAARERE ISSR 22 AR BT

10 ANMAS KSR B R 13 455 908 3 i 22 Al B /0 84 25 (DWP) L5 2 127 45 (YLGY ) , % hAR K
SRIBREY TSy R A AR B R AR S, 3 Ah, 76 22 5l B0 R AR ( <25% ) B, D BUBBE N YLG
SYK.DWP = JRHE&A Y HFe 54001, Uil = S AR SRR BE AR 1T YLGY JBHEA 3 4%, YWL Fl LKS JE#F 447 2
5 HETRBEA 1 (R 4) , LB SR R AR R A M B B B =F A S kit . AEMER M5, Sbe
JEREA 1 SRR R 1 550, i RN T IR 0 AR S AR R A S AR AL T 4R

F4 HIEE ISSR ERTHSN
Table 4 Different bands for ISSR data of Pinus tabulaeformis populations

s e Z 5t KL 225 L
ot 2SR LA 3 iy iy
" FESATEL b (IR <25% ) (AR <50% )
JE R . (IR =5% ) No. of bands
. No. of different : . No. of lacally No. of lacally
Population No. of different bands unique to a
bands ith a F > 59 inel ati comm bands comm bands
with a Freq. = 5% single population (<25%) (<50%)
YWL 107 104 0 2 19
MS 101 96 0 1 13
LKS 114 112 0 2 19
cJC 116 114 0 1 17
YLGY 127 125 0 3 24
SDC 114 110 1 1 16
BTM 106 96 0 1 13
YLG 90 87 0 0 7
SYK 89 86 0 0 7
DWP 84 76 0 0 9

No. LComm Bands ( <25% ) = No. of Locally Common Bands ( Freq. = 5% ) Found in 25% or Fewer Populations; No. LComm Bands ( <50% )

= No. of Locally Common Bands (Freq. =5% ) Found in 50% or Fewer Populations
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2.3 IHIFA KRR BEIA] (4 35 AL BE B A1 UPGMA 43#r

5 WK, 10 D RARMAEHE RIS LIRS (D) 2465 2 0. 083 (LKS-CJC)—0. 2939 (SDC-DWP) , i
FHPEES ARG N 110. 9252 km( LKS-SDC)—1741.0933 km( YWL-YLG) . % Mantel #3565, 10 /> J& ¥ [a] ) Hb
T B R 38 B AN AEAE B A OGTE (r=0.069, P=0.360) , 15 B i1 35 55 AN 2 78t A5 720 S i) 3 2 IR T 7
ISR R T S M8 AT R T Jo A R A — e R 1 b LS 7 A

R5 MREBENEEERS (ML T ) FIIEEE (WAL L)) /km

Table 5 Nei's genetic distance (below diagonal) and geographic distance (above diagonal)/km of Pinus tabulaeformis populations

YWL MS LKS cJc YLGY ShC BTM YLG SYK DWP
YWL - 747.2752 998.9315 1204.8800 846.0104  977.5324  1246.3251 1741.0933 1376.3048 270.2863
MS 0.2353 - 540.5362 725.2684  442.0463  608.3927 597.8427 1304.7969 1123.7532 641.4381
LKS 0.1366 0.2611 - 210.8708  153.3511 110.9252 346.1992  787.0347  592.9918 761.9796
cJc 0.1463 0.2417 0.0830 - 362.9554  239.2946 318.5911  582.6412  481.1852 960. 5079
YLGY 0. 1447 0.2578 0.1045 0.1051 - 172.4632 452.1963  931.0725  685.5609 613.1765
SDC 0.155 0.2128 0.1317 0.1805 0.1150 - 449.2693  772.3542  515.5157 726.1735
BTM 0.1889 0.2561 0.2375 0.2204 0.2349 0.2589 - 783.4410  796.4241  1044.1572
YLG 0.1956 0.2298 0.2636 0.2211 0.2187 0.2452 0.1352 - 470.7576  1479.3538
SYK 0.2309 0.2344 0.2657 0.2005 0.2381 0.2650 0.1213 0.1649 - 1106. 2608

bDwp 0.2137 0.2442 0.314 0.2881 0.2814 0.2939 0.1162 0.1797 0.1415 -

MR Nei Jofiist (% 10 s A R H] UPGMA RS (& 2) B7n, 10 MMAS RAR R RFIL R L 3 K i
FRE(BTM) JREREH (DWP) 7 E 7508 11 (SYK) FUH R 18 7156 (YLG) JEBER N —2 3L 77 £ Ak )
(YWL) | IHPEI0 PR R 25 11 (LKS) (BRPEZEG)NARIZ (CIC) (PG AU 2= Je 23 el ( YLGY ) AT Ll PH K =38 )1 Ak
(SDC) JE#ER R —25  ILARZE 1L (MS) JE#EA S —2

7.2834 —
4.1516
LKS
—| 4.1516 c1e
52414
YLGY
7.1200 spe
7 12.0562 NS
5.8124 BTM
0.1132 —| 5.8124 -
65693 Vi
7.9974 —_—

B2 10 NRAMMIERFET Nei's (1972) BFEEREE
Fig.2 Dendrogram based Nei’'s (1972) genetic distance of 10 Pinus tabulaeformis populations

2.4 AN RARFEREE 1L AR K 5 7 MR EE TR 5 AR SR 23

2D X IAR R IR T 181 2R IE 5 P M R3S TR 5 BEA T AR G 0 A (3R 6) |, Il SR SR Jea A B UL 25 57 5
B Na) e Z 355600 328 (P) ARl 1 A -390 A i fie R L 558 7 U P 7 22 3 IE AR SR
i W& HOC . Shannon fFEAER(1) SR (r=—-0. 5788 ) M fw =il (r=0. 5289 ) K AFFF N (r=
=0.5512) 1 A, IV Bl A0 S Ao el T TR ARG A [ FT A0l Shannon 5 SR K05
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F6 MREBHEESBENERTFMEXYE

Table 6 The relationships between genetic diversity parameters of Pinus tabulaeformis populations and environmental factors

FR5EHF Environmental factors Na Ne I P
4iJ¥ Latitude/(°) -0.1030 0.1033 0.3091 0.0304
Z8% Longitude/ (°) 0.2121 0.1033 0. 2606 0.4195
1R Altitude/m -0.5636 -0.3404 -0.5788 " -0.6079 *
AEF-1 0 Mean annual temperature/C 0.5545 * 0.0790 0. 0909 0.5567 *
1 A5 January average temperature/°C 0.5455 " -0. 1581 -0. 1879 0.2310
7 AR July average temperature/°C 0.2128 0.0915 0.0243 0.4451
He ¥ ffR IR E xtreme minimum temperature 0.5515" 0.0486 0.0788 0.5377 "
WS il extreme maximum temperature 0.1152 0.5289 " 0.5303 * 0.3587
=10°C AR TE 3 R 0.1273 0.2128 0.1879 0.2371
AEHY KB mean annual precipitation/mm -0.0244 -0.3517 -0.5512" -0.2171
LAETFEWY) Annual frost free period/d -0. 1581 0.1006 0.2857 -0.0945
4E H BB 4L Annual sunshine hours/h 0.3659 0.1376 0. 1890 0.3945
4EZ8 % Annual evaporation/mm -0.3212 -0.2979 -0.1152 -0.2979

#* P<0.05; * = P<0.01

3 HFit5itie
3.1 SRR EBER IS L AR 5 EREE R A DG

THPA TR BER -3 2 A0 05 E 2% 60. 72% , B 2 A7 5 N 100% , 48 53 1 BE S [ Ry 55. 47% —
71.53% , R BIMAAFEFIK S AR AL 2 REME . Wright!'7) SA R JE B 1B] 6 R K F 1 RE & #E H mfk
VER, B2z, W2 BH Rk PR A 152 45 A 18 2 2 U IR, AR BT 5 R SR I BRI PR O 0. 8323, T B AN [] 7
IRBE R B2, 1T BRI SR TR JE AE () S R e /0N, 2 S E ) it A% oAb B 2L R IR B ) a4 A S L
AR SER) 37.53% R BEHERIC = A SRR B 404k . 3R BH TR AE 1) b 2 22 BABE R 7 1 25 55, T B A A6 3 1)
LA 52 BN B IR L B BT, DI BIR ) 7 J 4 1] (%) BEATL S B, S A T 35 A% 0 A O B &

AWFFE ) B 12— Tl bs R s L ZRet R S ASE F RIS, 13 X508 M 2B 50 R
EH = (100% ) 76 137 A~ ISSR 38547 v B 20 1 4 (LS =381 IR <25% 25 74 B0 1—
3 5% AR <50% 25 S MR T—24 &%, IR =5% 1Y 25 B 76—125 45, T E— 25 B A AVE Ry 0 A
FIREICTT AW i, R AEMRE AR EF RN ZEN, — B — YRR 2 s+
KT FR AR AR I P A S T SR TR [ 38t £ 45 R 110 22 S A R T R B R R R BRI A i
PRI A SR ILIE N IR FE AN FAEY FEREEAT T 858 R 7 5380 4% 2R M5 55000 (4 AH S AT
5, R IURBESRAL ZREE S ik TR R R I YR A S R — i A R O i
BRI A SE M BGOSR AN L Z R R A — R B BE AR A, 5 R AR R (1438 P AR A b 3 o3
A REHFE T 5 Y PTIEME IR i I R R 2R R A B M TSR S A 0, AR IR 45 R
WIR (3R 6) , FA ™ M AF -3 AR i i AR T A BTG, R SR T AR A F 3 P SO 45457 6 R 5t S 22 256 A5 43
R 2R AIK, Shannon {5 B4 05 W R f 2 B0 58 38 00 AH DG, DA T 156 O AV ek /R R8T 5 M 1 7 396 4 G Rk PR
IR X TSRS A AR ISSR 228 = A8 5 7 o X 515 B RAPD 5557 i 55 br id B A e Ad 4 iy it
FEAESRARRL 02 B RIS KR R R RIEAL L R R BR T 55 B SR B B [ il = A R 3 1
A A, I AT RE S AR 2R M S OB SRR O s A% o Ab— A AR PR —A: W) 2 R = 3 (R OCHR PR A i i
— SRV
3.2 SRR BB L Z R b PR AR AR

20 BN ARAR, SR A S AERTAR A | I HRIR 5 b B R O R AT T REMF, A A KAy
PE 5 AR 530 B I | IAATETE A5 K (1 M AR S AT BEBLYE ' ARHFZE N DNA 7K 5875 2R [F] 45
T, BV AR AR W S5 7 b A PR R T R SR T YR A bR (5 8 S5 i EE SRS R, T AN [R] 22 46
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JE 77 M A A o A S A B 25 57, 57 M A DR A St 3 T R 25 A A — 2 A b B X 3 1 P P K
SRIERE IR KT A M AR IR ARS8 R REALY , B —E L . 35T UPGMA 24T s 1E R KR
AR A HL A AT LUK | 5 SR 1L bk B # Jk A R 8R Tl o A MR R 157, 17 40 A1 2 i 3 SR il s
MEA —E B IBALRFE . Shannon ZHEIEFE (1) FZ LA 733 (P) WP s A5 Z FEPERY S IG5 4L
M, W TR A 38 A5 2 REPE KSR 2 Ll P RN 2 B2 ] 30T g 5 K 48 B 3L 7 15 AR (8] B B 14 Shannon {5 8
FER R 22 500 15 T A R A I Ak v R A R = G BB A o B R T, B A AR SR A A X
i) Al X3, SO = R B S L R A2 Z KU R R B AE A S8 AR X A, SR 2 A AT R i Ll AR 5
W H6 F1 5 TR ERIRT ST, SR B R BR ) 1 5 e B B 1 38 T, 38t % R AIE 4, Shannon 15 846 41
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