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Abstract; Genetic divergence among four populations of Dendrolimus spectabilis, three populations of Dendrolimus
tabulaeformis and two populations of Dendrolimus superans were investigated using Inter-simple Sequence Repeats Polymophism
(ISSR) markers. DNA extracted from 119 individuals were amplified using 13 ISSR primers with 14 to 17 nucleotides. The
agarose gel electrophoresis revealed 195 clear and stable bands with the molecular weight ranging from 250 —2500 bps. Each
primer yields about 3 to 10 bands per individual. Shannon’index showed higher genetic diversity within D. superans and the
genetic diversity of D. tabulaeformis was close to D. spectabilis, both of which had a lower diversity level. The clustering
followed the order; first individuals within a population, then different populations of the same species. The four populations
of D. spectabilis fell into three branches, and two geographically close populations from Shenyang and Jinzhou were clustered
into one branch ; the other branch was Tai’an population, and it was grouped to the third branch, Qingdao population. The

two populations of D. tabulaeformis from Chengde and Pingquan counties were first clustered into a branch and then clustered
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with Shenyang population. The left two populations of D. superans species were clustered into one branch.

Key Words: pine caterpillars ; ISSR ; genetic diversity

PAE W B Dendrolimus (6% B R IEFL) B R 2 FHUE 30 K%, R 7E P EA 27 M1, £4H R
WEEER, AREIL T KEB™EWN EER 1A E R (Dendrolimus spectabilis ) |, M ¥4 % W ( Dendrolimus
tabulagformis ) F1¥% M-+ % it ( Dendrolimus superans) ™o BHT, W HIEAARAT R B AR W2 v P RERG 25 1) 43
i B SRR L R G A PRAS T E BT T BRIEARBI! ), 3k 2 K2 A RAPD 3 fr ER B B B AAF
TR E G RBEAT T BN [0 X AR B s B P B 8 451 B A5 0 b LA S 2L R W R
B, KL, 2 FEYEEARER R BEZHENHRFERATRRN RGYE LY HEFRERRE
EEJAFE B MR RBIFTFT T L AP 1 20 BE i i A8 LU MR (A 6 M SR

ISSR ( Inter-simple Sequence Repeats Polymophism) 7> FARICHARZER R T EHE, N A TFRINBE L
BEME T AR R MM R L R0, ABIFER A ISSR A TARICRI 8k, BRI E
R [E) R R Y 5 R AR B R A B R S MR O, TR B F A IR A R i A S E DL
1 #R5FAE
1.1 R ®

THFATE 3 T 2005 ~2006 4F 8 AR B LA AMEE AETFRE, WHREE; FMERT
2006 4F 8 AR H WARFRZE JIUARF & L TUH AL T 5 AN X 5 S4B BT 2006 45 8 H R B ARTE H
HEMKROFRBRE(ERD) . ULIARBRIIRER, P45 5 14 KHESR (BRIt R TR AT R
R EA D> PUERMANR 7 kP FREH T BIRATOK ZBEF F 4 CHKFE PR

£1 MTISSR ABMRERGE
Table 1 Pine caterpillars populations sampled for the ISSR study

Jride it
AN =N ¥

s T N T T T wmpw CARE PR

. umber o o . evation Average air
Species Code . Collection site Location .

incsets used (m) temperature in
adult period( °C )
B GRIEEFE) AALREE E118°21’
D. tabulaeformis ey 14 Chengde county N35°217 920 24
WA BRCPREMH) AP R E E118°27'
D. tabulaeformis PY 14 Pingquan county N41°15° 935 24
A B R (R FRFREE) YEFHZR R E119°23",
D. tabulaeformis Y 7 Shenyang, Lingyuan N41°11’ 900 25
FRER(EDFHE) H e E119°37’
D. spectabilis o 1 Qingdao, Jiaonan N36°30" 183.4 3
IR BR(REHT) REERL E117°16’
D. spectabilis TC 14 Taian ,Mt. Culai N36°02’ 420 %
B R (R FRFEE) YEFHZR R E119°23’
D. spectabilis SC 14 Shenyang, Lingyuan N41°11’ 900 25
IR BR(BMFE) WM Rgp E119°51"
D. spectabilis i 14 Jinzhou , Suizhong, N40°27’ 380 24.5
EHIRB I CRE O ) KFEOFEE E115°85'
D. superans ZL 14 Zhangjiakou N40°85’ 1000 30
I BR (B HE) REEGE E116°52'
D. superans WL 14 Weichang N42°05' 1230 28
1.2 BT

1.2.1 MBHEFHER
BUA B RUSTERALEY , FJEE =20KIR 1 24h L |, 39K , S8 /5 FRIR AL BY BYARLH AR, in ATE B THAL# , 56 °C K
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B HEAL 8 ~ 12h, B/ E AR, T 4°CTE(pHS. 0) W& /5 - 20°CIRFF& M, B Sul DNA T4 0.5pg/ml
BRAL 252/ 0. 8% BARKHEERE T LUk Kl DNA R4l
1.2.2 ISSR- PCR ¥3%

g1 W9t v : e B AL R FEE B AR 50 4% ISSR 54 HEAT T i , A i L B 1 AR B MR , B Pl
13 &519(3k 2) #47 PCRY 3, ¥ 3% RN AEEE 47K Biometra T3 ZI#5 [ PCR X L i#47,

YR A 25wl WA Z S Sul 10 x Reaction Buffer 1% 4)g DNA 20 ng. 5|47 0.2 mol/L,dNTPs 0. 16
mmol/L, Taq B 0. 5U ( R¥EFEYAH) .

PR :94°C TSP Smin;94°C 28 505, Tm 3B K 1min,72°CFE/f 1. Smin, 35 AMEFF ;72°C FEfH Smin,,

HLUKAI : ISSR P34 ™= 1.5% BRIRMERERL Ik (& 0. Sug AL Z4E) , BRIKZ M | x TAE, FifgH
FLAEIAE I DL3000 Oy Marker, B3k 525 T 50AME 5T R ST MEHA R -
1.2.3 H|FEIH ST

Rk B B — R — A F 50 (marker) , JFREFE—AFI VNSO A HEKFE—E B
DNA A EHATHRIT, A (EREHH) MIidh 1, T IIEh 0, XNEERBRESENEITETUTRMR
s (1) BB HUBH A AL T W8 - TR 4% ( Hardy-Weinberg ) S48 ; (2) GeTH 481 I A H TGEE R 22 40 [R] B9 AR 3
WP A9 R DNA A B4y, 5k Al POPGENE #f4 ! st &3 B AAMA LD BIFATRIES BT . &2
ARTET 2840 5B 22 (PPB, percentage of polymorphic bands) , WLl 25 Z 4 ( A4, , number of all elesper
locus) BN EEE(A,, effective number of alleles per locus) EE{R B I EH LM (H,, total gene diversity) .
PR EE ZEEME(H,, genediversitywithinpopulations ) | & FEA 8] 1Y 353 /£ 70 tL 1850 ( G, , coefficient of population
differentiation) (G, =1 — H/H,) Nei's 3t 4 (H,) "™ | Nei’s 325155 (D, genetic distance) ™ Fli f& —
BB (1, geneticidentity ) , Shannon 's {5 B35 %7 (H, ,Shannon’s information index ) -t FH A6 I BE R 152 15 2 R i
KFH, = - TP log, P, P RS i AWHIRBRR, IR Nei's SEHERS, FIF NTSYS PC22. 10" dkwt
PAE BRI R 31T UPGMA K47,
2 HREWm
2.1 ISSR-PCR ¥ g5 5

M 100 NEEA G PRk 59 13 4~ ISSR 5145 (FK 2) , %9 NEERE) 119 4> DNA #5317 PCR 373,

£2 13 %5933 Wk B R MBI 119 Mg B4 DNA RTH R &R
Table 2 Result of ISSR on adults of 119 pine caterpillars in 3 populations with 13 primers

SES  SHERI(S-3) BEEH £EAH FomEAE®)
Primer order Sequence ofprimer(5’-3") Total bands Polymorphic bands ]

Polymorphic bands

1 AGAGAGAGAGAGAGAGG 11 9 81.82

2 GAGAGAGAGAGAGAGAC 17 16 94.12

3 ACCACCACCACCACCACC 14 13 92.86

4 AGCAGCAGCAGCAGCAGC 17 16 94.12

5 CACACACACACACACAG 11 11 100. 00

6 ATGATGATGATGATGATG 16 14 87.50

7 GGATGGATGGATGGAT 14 13 92.86

8 VDVCTCTCTCTCTCTCT 14 14 100. 00

9 CACACACACACAAC 16 15 93.75

10 AGAGAGAGAGAGAGAGTA 15 15 100. 00

11 GTCGTCGTCGTCGTCGTC 17 16 94.12

12 GAGGAGGAGGAGGC 18 18 100. 00

13 GTGCGTGCGTGCGTGC 15 14 93.33

JEEE all locus 195 184 94.36

R I IRELA LD Code of incorporate base:V = (G/A/C)
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H, 5197 8 XifEfR SY A1 WL 3£ 28 4~ DNA R 384 R LA 1, 13 &519938 HEAHHEN 3 210 A
&, A& BN R E 250 ~2500bp ZJA], SEYT g A T 195 ST AT AR, Hb BA 2R &

184 14~,

2.2 ZPMFAERTR

119 ARSI E] 184 NEML A, BEBMLAE RN 94.36% , AR A R A I 2 i A2 5
BREB LA FRAR (K 3) o 13 K5 YRvEmM 4 E B B SR EN H A QERZ A8 E 0 R &
2,537 84 F143. 08% ; AT LI FHAREF O AL BN Z AL B 20 R & D>, 7350 36 F118.46% o 9 ¥
HRHERMAAT RN BRT BN ESEMRE TR, 9B M AE R I/PFF - %A E R
(BE) >EMMBRORED) > FMBROEEM) =HRBRORER) >WHRBROEH) > FRBR(F
5) >WHBROFR) > FMBR(FL) > HFMEBRELH)

B1 5148 X ESGEHRER(WL) MLHARER (SC) & 14 kK ISSR-PCR §1E45 R
Fig.1 ISSR-PCR fingerprints of 14 samples of D. superans from Weichang and D. spectabilis from Shenyang populations using primer 8

MEZHIMFF from left to right; WL1 — WL14 ,Marker, SC1 — SC14 Sequence

£3 HEMFEEDBETRET
Table 3 The genetic variation statistics among populations of pine caterpillars
ﬁﬁi pUtIIE SR EEE /o ARENERY Nei 2 H L% Shannon {F 2 16%L SRR EENRBAE

Population A, A, H, H, PPB
TC 1.1949 +£0.3971 1.0983 +0.2359 0.0605 +£0. 1371 0.0927 +£0.2035 38 19.49
JC 1.2256 +0.4191 1. 1383 +0.2989 0.0794 +£0. 1624 0.1182 +0.2345 44 22.56
SC 1.2051 +£0. 4048 1.0913 +0.2293 0.0565 +£0. 1310 0.0883 +0.1944 40 20.51
QC 1.2103 +0. 4085 1.1158 +0.2647 0.0691 +£0. 1484 0.1047 £0.2176 41 21.03
ZL 1.3846 +0.4878 1.2055 +£0.3245 0.1230 +£0.1791 0. 1873 +0.2608 75 38.46
WL 1.4308 +0. 4965 1.2605 +0.3588 0.1518 +£0. 1959 0.2264 +0.2824 84 43.08
CY 1.2256 +0.4191 1. 1287 +0.2805 0.0759 +0. 1557 0.1143 +0.2271 44 22.56
PY 1.1846 +0.3890 1. 1159 +0.2805 0.0662 +0. 1517 0.0984 +0.2190 36 18.46
SY 1.2205 +£0.4157 1.1561 +0.3244 0.0869 +£0. 1736 0.1268 +0.2482 43 22.05
SEHJ Average 1.2535 £0. 4264 1. 1456 +0.2886 0. 0855 +£0. 1594 0.1286 +0.2319 49 25.35
ﬁﬁﬁs 1.9436 +0.2313 1.4926 +0.3278 0.2955 +£0. 1610 0.4495 +0.2127 184 94.36

2.3  Shannon {5 B84 5 Nei 18 5fhHHIRIZ B HEHE

17 3 W H,9 4 NREfR Shannon 15 B8 %089 2L EI7E 0. 0883 ~0.2264 X 8], FH#{H % 0. 1286, & HH#A
BH () K Shamnon {5 B8 MR, AMBHR (L) B 9 MR Nei 2B M (H,) BT REIE
0.0565 ~0.1518 *F-¥J{H %y 0. 0855, &M ABR(HEY) WERNSHERR, FMBHR(UEH) RMK, X5
Shannon {5 BAE Al T HR & BHMAERE—ZH,
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2.4 HhIHRRAR RN 2k

AT HE—Ba P ARRRE R E R TR T REHEME SBEER (R 4) . WERHH, FHARE
B ALEER AR LT D 0.0230 ~0. 4936, AL AL B9 AL TE Ry 0. 6104 ~0.9772,

MRy Nei's SRGEER A UPGMA B i@ MRt s (e X R RKE (K 2) . B, WAERELSE
MAABRRET —&, R4 SHMBRER, UIH S REHRRFE—ERERR AL, R, B8
JBBFPRE 2 5B BN TR 22 57, 3R ISSR B—Fa SRR 4nic , T THA B B A A MR R R R R EY
Ho

3 FMAB R AR KRR M T A RRERBEDME(ERS) , FRBHR 41.92 % HERFETHEME,
58.09% 7R SHAFTE TR IAL B L 32. 60 %0 Y728 A7 12 TRAAIE ,67. 40% B9 78 A7 76 TREVRPY ; 6 i
B 15.50% B FAE TR ,84.50 % B FHETREN

F4 I MAEARFEANEECHAUESREES
Table 4 Genetic identity and genetic distance among nine populations of pine caterpillars

Bk

Populations TC JC SC QC ZL WL CY PY SY
TC ® ok ok ok 0. 9492 0.9293 0.9305 0.6429 0.6434 0.6729 0.6735 0.6501
JC 0.0521 ® ok ok X 0.9512 0.9219 0.6104 0.6239 0.6833 0. 6839 0. 6654
SC 0.0733 0. 0500 ® ok ok ok 0.9224 0.6446 0.6535 0.7072 0.7071 0. 6967
QC 0.0720 0.0813 0.0808 ® ok ok ok 0.6154 0.6209 0.6648 0. 6605 0.6510
ZL 0.4418 0.4936 0.4392 0.4855 ® ok kK 0.9473 0.6970 0.6872 0.6784
WL 0.4410 0.4717 0.4254 0.4766 0.0541 ® % % % 0.6969 0. 6954 0.7076
CY 0.3961 0.3808 0.3464 0.4083 0.3609 0.3612 ® % E ok 0.9772 0.9259
PY 0.3952 0.3799 0.3466 0.4147 0.3751 0.3632 0.0230 w ok ok 0.9292
SY 0.4306 0.4074 0.3614 0.4292 0.3880 0.3459 0.0769 0.0735 LR

= WAL LN Nei BEMRTUE, AL T H NBRIEIERE Nei's genetic identity (above diagonal) and genetic distance ( below diagonal)

F:5 @ Nel JEHHTTE 3 HAEREMFEEANEES L

Table 5 Genetic differentiations among pine caterpillar populations

-3 ! & 3 Gst fili 7HRIE

TS BOEESRE SRS BB M Gat fii RO ER
Speci Total diversitv Hi Within population gene Genetic differentiation Estimste of gene flow

pecies otal gene diversity, diversity, Hs among populations, Gst from Gst,Nm

B D. spectabilis 0.1143 0. 0664 0.4192 0.6927
B A D. tabulaeformis 0.1132 0.0763 0.3257 1.0351
EH I E R D. superans 0.1626 0.1374 0. 1550 2.7265

3 i

3.1 BEEHNE

2N R B SR USRS RRNRE. ACPIRSGRER, EHINERESR RN ZE
i KB 332 (43. 08) B i, A A B IR UL FRRFARE) 237 U E 20 2R (18.46) B /o TB I RFA L AL i B 10
(94.36) IR R T ARABH BB B 05, KR THEA S TENBIRAR b R 2R REAFIRHE
e REAS I 2 T e SRR RHA T T AT 9 MR ZBALEE 53 EX/NFF 5 Shannon {57
BAREN Nei 185UHTHI R RS HHIMF EA—3.

BRI, 7E 9 MAT BB M AE R R A Z R ME K T B A B IREHA, G E 1
ERE XM AAGHREEZFA R, FHRER(ES) WREZHERTREZ DR, TREHT
XAEHARMA S MR E T BB IREE 7 1230m I M ARE, 76 F Esh X R HE TARILX 4%
JERX ST KBS M, AR R 2% AREUORARALTE I AR TR FRAMTRSZAK, Valentine YOV LR Y FIkE &
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BRI EER AKX AE R RS, (i -
X— X BORAE AR S R R TR Bih , BB I R ﬂ .
BRI 2 — TSR 140 X B 75 I H Bt SR 4 W
S, BOR SRR EAR , AHATE L SAL R BRI — ¢
ZHMEHEEAE, Qc
3.2 LML 7 .
3MMERERHEENBET, FEZERKE Y,
AN A B TR RONR RS , B A MR 2 5. SC( - "
WEH) 5 SYHHAT ) 3R B 2k B2 TR 17— i AR L oo
PARSOH, BAR T SCI T S PRI HA T M BB AT 20307 A T L
TR (B RBRIGRAE , BRI B MR T3 X3 SY

&, UIHA7ERE MR & BUX B FIAA B B Z43FF . AAAB B
Gst fETHIZER R/, A 0. 6927 , 7K - 1 BB 3t VT BB 3 AL B2 9T RAE
BT R ARSI RIIE N, S (HAA A A X fRES . 7§ Fis.2  The dengrogram produced by POPGENE soft for 9
I T 5 4 X P B 8 B AR , TE AR I B S R R K, i Popltions of pine caterpillars
K F 5 R 3 T A B LR Fp AR A4k o

MEBHREI 2 F RERRE , BN REM 20 3 DMRWS T WMRB R FEHRABR FMER, WHRE
HEETMERE AR K, RE5FMEBRBA R, FHRERSHAE RO BREHEMUESTHRAE
X 57K % &5 B RAPD iR KMILE R—3, HAMBRMAED, M S0k e BAHIERE, Bt
BE—E; RN B SHEHERE, MESEARETSTRETRTIE, ZHIFK, SHE3 MK
A EEIWER; K, T SMERMEERER, METE 3 MHX A E R EF S HFRAFIEE, K E%
KRBT, WIAERFES R EER RS R ARAEEERIE, 5 e RA—E, RS 5B B BT I H
BRA—E. B LE, RN SR 5 R B —E MM,

ARICRG 3 FPIAE BB ZREEIEAT T T IR, A B R E AR R SN BT R IR T 49 FKF
M SRR AE R, BT BRARER/ MBI TRAERR, B AR I A BURE S B B R R,
LR R KRBT
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