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Abstract: The genetic diversity among five species of Dendrolimus, i. e. Dendrolimus punctatus punctatus Walker, D.
punctatus spectabilis Butler, D. superans Butler, D. houi Lajonquiere and D. kikuchii Matsumura was investigated using
polyacrylamide gel electrophoresis. Eight allozymes, such as Lactate dehydrogenase ( LDH), Malate dehydrogenase
(MDH), Malic enzyme ( ME), Alcohol dehydrogenase ( ADH), Formic acid dehydrogenase ( FDH), Glutamate
dehydrogenase ( GDH), Catalase ( CAT) and Peroxidase ( POD) were analyzed. Twelve loci and fifteen alleles were
detected, among which six loci were polymorphic (P = 50.0% ). The average number of alleles per locus A was 1.917,
and the expected heterozygosity He was 0. 267, and their mean genetic distance was 0. 0730 — 0. 5701. The results
indicated that the genetic diversity of Dendrolimus was high among the five species. According to the hereditary parameters
of the five species, D. punctatus punctatus Walker and D. punctatus spectabilis Butler had the closest genetic relationship,

while D. superans Butler and D. kikuchii Matsumura had the most distant genetic relationship.
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A A AKX, Hag DR E B (Dendrolimus punctatus punctatus Walker ) . 7744 & H (D. punctatus
spectabilis Butler) .J%M ¥ % H ( D. superans Butler) . = B #3 & B ( D. houi Lajonquiere ) F1 8 35 F & (D.
kikuchii Matsumura ) J2A% T U8 B R AR R, MERBRBMEELZ  RREFIEMER/AD SR SR
AE B AR W) R 46 5 TR AR S AR R 22 57, ZEMA B B FE R R I SR 4% S0 R B 3 b v Rl 43 S5 7 T — .
FEARRER, 2% E M WEEF BEF M AR EE TS L T4 8 MRS E eI
MIFEGRR T Hod ST 2 BT ST SR 4 7 1L R I 463 S0 B0 v B AR S AR A B R A B
LY ) =8 A SN OB B N 0 B I3 25 N )19 ) A N S b L A DA e = Y MR
WAR S BB AR . Bt B R [RI R 6 R 2 IR Y 38 4 56 R B st A% oAk, W T B L 70 2 57 DA K 2
A ERMGEREREAEER L,

KIALLR , ARl B B 2 [A] R 4 6 R A € E B LUB S MR , (B 3 2 i [B] 5C 28 st 4% 4010 1) fie
BilsBn BN RRE. &S FAEYFEAR NI R, 5 F B EhRic i % C 47 B IR s % 28 5 A
YRR R R AT RBRERS Y HhikBERE BEBEME %% ANT LKA RAPD-DNA 15
SUEITERR ISSR Fl AFLP FLRWIR TABHUBER IR R Z B M R G X R s E 0k, R M BRER BA
[ B[R AP AS [ B AP R 22 (8] © 22 & A T B B sst 1% 206, IS B HUZ R it (5 72 R E E 2R B AL R 7K
SR BRI R AT DNA EFRIT AT, S0 B 1R  [Rl— A A [ 25 3 IR 4 S 4 [ — b Bl ) S [
3, BRI AR AT 3R S FE R AL AR Ak, B 20 o Wb AR A SR AL 38t 1% 22K U , o B — Fh & Bt A% i i
FEE . AR RS ER T, U SRR B R MBI EH AR SR ERAES MBI
WIRM R, BB R B S NFFIERD 2 8] #3406 R st f% s (A vl 2B R0, s B B B R4 2%
T U [ R T AR W F TR AR
1 &A%

L1 HHRE

HFMEBR GEMBR EHNBER ZEMEBR ESFAE R TERE HBENL R A SO 5 2= NP1, i)

HPAGIE LRI - 20 CARIRIRFF o APRLRAEHIBERHINR 1,

F1 WNEHEERBMRETEMIESR
Table 1 Origin of the tested Dendrolimus materials

RE  Fik T M Rk i FEHRRE LhEEMZ R
Co;; Speci Sit Altitude Annual precipitation ~ Annual mean Latitude and
© pecies Hes (m) (mm) temperature( °C) Longitude
PIACEL LT, gep s 41°07'N
! Dendrolimus punctatus spectabilis Butler Liaoning , Suizhong 380 640 24.5 121°05'E
) ) AL 1P, RITE 310 1788.8 17.6 28°11'N
D. punctatus punctatus Walker Jiangxi, Yujiang ’ ’ 116°54'E
EMRAE R k. RIS 40°50'N
3 D. superans Butler Hebei, Chicheng 1000 430 8.5 114°53'E
SHEMER Pail. S 31°53'N
4 4 15.1
D. houi Lajonquiere Sichun, Jiange 900 640 5 105°16'E
s BFEMEM WK BELE 730 1460 16.7 30°25'N
D. kikuchii Matsumura Chongging , Liangping ’ 107°24'E
1.2 SEETTk

() FEMALEE  AFPEE I 15 ki K S it B M ds Ul T, i A T8 B9 32 B0 600l (H, 0 30
ml; Tris 0. 048 g; #3212 30l ; BEME 3. 3g;pH =7. 0) ZEUKIB ST 5% ,4°C B0 10 min (8000 r/min) , B b
BB ERGRAETUKFE( -20C) & A,

(2) Bpk B ts, 145 7. 5% RVIRBERE S AR BE BRI AT 56 LB FRLIK , FRAR 0Pl Tris-H & 82 (pH
=8.3) . WM EAE 10pl, IINEBRIR MR, 4 CHRAF T HIK. LSRR ML IR 2, SO
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5% T ERCHEATE,

F2 FAIEGERARE
Table 2 The kinds of allozymes be choosed

fiff Enzyme 455 Abbreviation H#f5 E. C. code
FLERN S Lactate dehydrogenase LDH E.C. 1. 1. 1. 27
SERBR I E U Malate dehydrogenase MDH E.C. 1. 1. 1. 37
SERFEREE Malic enzyme ME E.C. 1. 1. 1. 40
B U Alcohol dehydrogenase ADH E.C. 1. 1. 1. 1
iR il 2B Formate dehydrogenase FDH E.C. 1.2. 1. 2

R AR AN Glutamate dehydrogenase GDH E.C. 1.4. 1.2

WAMEHE Catalase CAT E.C. 1. 11. 1. 6
W ALY Peroxidase POD E.C.1. 1. 1. 1

1.3 HIKZSRIT T REAR T

e E RIS AR ) o SR AR AT 7 1 X T ) 24537 i 2R 0 0 G i I i PR 80 47 35 5
] [R]— £ S [) 2 PR 8 ( Locus ) 42 M BEIAR 2 AR BRI AR YR AR AT R 1.2..3 -+, [l — 3 R 36 S Fr) S [ 4 o
5 i B A B B B AR B AR YR AT AR abe oo

BO¥ 4 3 138 2542 8 )37 i POPGENE-Versionl. 31 B | R84 i 1 &6 138 AR 2 LU K T 51 AP it
B2 2% (1) 75755 /%X P 1 Shannon 15 B 185K 15 (2) 39450 5 IS0 38 B A R & A
¥ A (3) AL BRI AL S B Ho FIBUHZLAE He; (4) SBAEBEB AU RS (5) ARIBmIEHE R
FE ARSI A AU B (UPGMA ) M R GM
2 BERENN
2.1 FAE IR R SR R A3 5 e S R R

Sty 8 #ZE (3§ (LDH MDH ME ,ADH FDH GDH ,CAT ,POD) 3478 skl , B Jk 5 SR IR 1, ARIEAR
[RIAGFHE R T R BB 5 AR AIE R R (940 , 32 % 853 F Hofth B s 2557 BRI 5 A AE 56 STk, e
ERME] 12 NFEEE A &S Ldh-1 Ldh-2 Ldh-3 .Me-1 Me-2 Mdh-1 Mdh-2 Adh-1 Fdh-1.Gdh-1.Cat-1.Pod-1,
Hrp 6 M S LS : Ldh-2 Me-1 Mdh-1 .Gdh-1 Cas-1 Pod-1,

TEM T HUE By S ANRRRITE R B0 25 17 A T 45 S P, 25 0 A S5 BE PR L6 30 o 12 /35 PR 7 5 3k
FRB AL AT R I, Horh Ldh-2 F Pod-1 4 4 NSRRI B T H SR H , Me-1 Mdh-1,Gdh-1,Cat-1 5 2 4
SERTHE DR AR SAH— AN EMREE . BINBI 15 MR 5 Fiks B HUR B RHA T 358 4
fi 7 A EEE SR (g 6 MASAARER) , & BIEFEBE 46.67% ; RSB GHE —MEERE
Pod-lc, MBI & H —MEB RE Ldh-2a, BF AT BRI AE HE Me-1a,Ldh-2d ,Cat-1b Pod-1d,
R AT OR , o [)  EER 7 28 Ro)  7l Afk i) F 4F  PR 52 0, 76 2R S 08 A P R B3 L T 73R
SEIIBAEAE A5 MBAE T ok, BUfdifh 6] 76 B b Aokl & 42 04k B AR T 3R /K - B4 A 4 . 8 AP fr
TERF AR R I B 2 5L BR B H IR R, Eerh AR bA B i T AR L L 2 A B H G 0 ) 25 07 35 PR 5 0k
Z (#9015 ANERIIER) , S5 BRI I A B R (13 NMERIEER) .

2.2 WAEHUR R B ST

MFE 4 TTUFE H FENTE BB B HUK 5 NIRRT 348 i S 3 B B (A) 1924824 1. 200,
HASH IR 1.083 (FEHHFAEH) B 1.250 (FHMTH  DRMBHMEFEMER) ; FHEA LSS A
HIA B E (Ae) BIF-HME N 1. 135, HASSHIERE M 1. 083 (F& M AAEHL) B 1. 165 (FRIATHL) ;4 T Ae HO%ME
ERFRMK, SEMEEIE(P) HFEHIME R 20% , Hh Hn Tl DRAEHRMEEMER R 25% , 7%
HARTEH N 8.33% SRR K . I E SE PRI A BE (Ho) JFMAZ% 4 B (He) 9 F-35H 5 314 0. 084
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53

Ldh-1

Adh-1

I

Cat-1
Pod-1
&1 LDH.,ADH.FDH,GDH MDH ME.POD.CAT p)£5{s fiff B8 Ik 7 U
Fig.1 Electrophoretic forms of LDH,ADH FDH,GDH ,MDH ME POD CAT
MM EZAEKK N :1.2.3.4.5 From left to right; 1.2.3.4.5
*3 MEHEERRS MHMMEMNSLERME
Table 3 Allele frequency of five species and subspecies of Dendrolimus
HPH R A5 Species code
Locus 1 2 3 4 5
Me-1a 0. 000 0. 000 0. 000 0. 000 0. 833
Me-1b 1. 000 0. 300 1. 000 0. 308 0. 167
Me-1c 0. 000 0.700 0. 000 0.692 0. 000
Me-2 1. 000 1. 000 1. 000 1. 000 1. 000
Mdh-1a 0.750 0. 900 0. 000 0.962 1. 000
Mdh-1b 0. 250 0. 100 1. 000 0.038 0. 000
Mdh-2 1. 000 1. 000 1. 000 1. 000 1. 000
Ldh-1 1. 000 1. 000 1. 000 1. 000 1. 000
Ldh-2a 0. 000 0. 000 0. 000 1.000 0. 000
Ldh-2b 0. 167 0. 000 1. 000 0. 000 0. 000
Ldh-2c¢ 0. 833 1. 000 0. 000 0. 000 0. 000
Ldh-2d 0. 000 0. 000 0. 000 0. 000 1. 000
Ldh-3 1. 000 1. 000 1. 000 1. 000 1. 000
Adh-1 1. 000 1. 000 1. 000 1. 000 1. 000
Fdh-1 1. 000 1. 000 1. 000 1. 000 1. 000
Gdh-1a 0. 000 0. 000 0. 000 1. 000 1. 000
Gdh-1b 1. 000 1. 000 1. 000 0. 000 0. 000
Cat-la 1. 000 1. 000 1. 000 1. 000 0. 000
Cat-1b 0. 000 0. 000 0. 000 0. 000 1. 000
Pod-1a 0. 500 0. 500 0. 500 0. 500 0. 500
Pod-1b 0. 000 0. 500 0. 500 0. 500 0. 000
Pod-1c 0. 500 0. 000 0. 000 0. 000 0. 000
Pod-1d 0. 000 0.000 0.000 0.000 0.500
£ (1 F A%k Number of alleles 15 15 13 15 14
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0. 119, H o % it #A B H ¥ Ho F1 He f/IN, 4357 0. 083 F10. 043, = EE#A E ¥ Ho 1 He K, 4377 R
0.090 #10.288; FIAEH . HEMER M BR P EIRAE BN THMZE B, VX 3 M A R K
AR TRE T BRERE EH B RMEFNEBRPLRRARE EYR THEREE, X 2 5
HEREP AR R THRE TR BRERE. 1T HRERRME K P=50.0% ,4=1.917 ,He =0.267,

®4 WEHRRERS MMM EMEESHESE

Table 4 Genetic diversity parameters of five species and subspecies of Dendrolimus

POP 1 2 3 4 5 F) Mean Overall loci
A 1.250 1.250 1.083 1.250 1.167 1.200 1.917
Ae 1.165 1.162 1.083 1.152 1.115 1.135 1.676
I 0.142 0.136 0.058 0.123 0.095 0.111 0.441

P(%) 25 25 8.33 25 16.67 20 50

Ho 0.083 0.083 0.083 0.090 0.083 0.084 0.085

He 0.100 0.097 0.043 0.288 0.068 0.119 0.267

A TR AR E ; Ae R TB TGO SRR AG BB E ;1 4y Shannon {5 BA8E; P HE AR IR s Ho VB BAL s BUP 24 BE 5
He X507 SN2 4E  A: Number of alleles per locus; Ae: Effective number of alleles per locus; I; The Shannon information index; Ho:
Observed heterozygosity ; He: Expected heterozygosity; P: Percentage of polymorphic loci

2.3 MBHRERERRZXRSH

BHBERH 5 FRIEF Z 18] 8 Nei SEAEHERAGRA—BUZMNERS P 5 AFRAIER 8] #38f5 —
BUEVEE N 0.6508 ~0. 9206, B L HE RS VE o 0.0730 ~0.5701, REXRBEKRAFIAERGLEMBE,
FRGRARIEHRFEHNBREBFMEBR . SHRMBIERERRTERI N TEMBR EHRER .=
FIAB BB R,

*5 WEHEERHS MM EAEEHEOERZEES
Table 5 Nei’s Genetic identity and Genetic distance of five species and subspecies of Dendrolimus

Pop 1 2 3 4 5

1 *oE ok ok 0.9296 0.8669 0.7603 0.6508
2 0.0730 Eokox ox 0.7963 0.8188 0.6523
3 0.1429 0.2278 *oEox ok 0.6985 0.5655
4 0.2740 0.1999 0.3588 ok ow ox 0.7449
5 0.4296 0.4272 0.5701 0.2945 *oEox ok

YA A Nei FUBHEREES, XLV ERBfE—BU¥  Nei’s genetic identity (above diagonal) and genetic distance (below diagonal)

ARYF I % B B PSR 3 B A AR 8 (UPGMA) A A 6 HUR BL SR 5 MR AIIE A A9 SR8 1, LI 2.
MER A 5 AFHIER KRBT L2 4 32 AR B A S R B AR —3, M B R o B ER
MEBFRBRED N Lo AT RGBT R X BR—F b, (AE MBI a RR A 8 R &K
RIOR , HF AR R T AN B s A IR A X — B A2 BB >

3 it 5615 3.651 Dendrolimus punctatus

S SRR (B R T B ot R R so —{aas BB e
fets b MBI RIEAT T WIS B IR TN i L = D.uperans uter
R — S B ] 1 0 ) AT T . A SOk AT D. hou lajonguiere
i7E R R RIS E SR R R BB, iy 20 D. kikuuchii Matsumure
MEREBEARMREKSS , FEASLZTMRTHEER B2 HATE iR L s S VR AR 2 K

*{Eﬁy)ﬁ*’&% E E[‘] l}kﬁ \f[ﬁ_ﬂiﬁi FJ]" 'fﬁ ,':Ij E@%{ﬁ%@ ‘ijaﬁ%z: Fig.2 UPGMA dendrograms based on Nei's genetic distance of five
Iﬁ E(J , {E,ﬂg%i{‘ DNA ﬁ%*j‘-\‘ia ( RAPD, SSR) ";‘"% |:I:| 5'& species and subspecies of Dendrolimus
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R I R B R AL RIS A R T S R SR 22 5. BT LA, SESARHBUR BB AL 7™ 48— BUR S L BE R AR
HHAFIMCEARRAR Z AL, ELFRREhHEESE IR, 750, DNA S FHric i m Y Fhis s 2+
MRS TEM TR RO, XFh 2 5= 5hRic i AR R R R 3 BB A X0, R TR & o
FETR A MY MK S MERE SRR A R RS ™ . 78 DNA ARCH BTkl 2 i A7 s a5 2 A
24 DNA J73) i BAE AT DX B8, A 46 G 5 X AR s X L B 4% DRI EE &2 /) DNA 751, BRI 2 38 2 /)8t % 5
B HEAZEE W B A BRSBTS BEIE A — R A RRR I BE R Gt , 322 I Wi Fh Bl TR S B
XA 5, 3 H ORI 28 AU B YR B B — B B — B Be M AR K . SR F R EEC
PR, ERIE BT, AT AR 2 & R FIZ & 1K, T 2L DNA 43 FARic & B AEFRIC (41 RAPD Hil AFLP) ,
TEMEX — o

SEAAARICAEAA B HUR B L S SRR A 2 8] i A6 T 25 2R (B 7 78 B 4K P | P =50. 0% , He = 0. 267,
A=1.197 S HRIIN B IR B B ERR/KFRE AR MORELETIR S AR R RRE 45
BTG A He = 0. 1385 4 4 5% BUAR 4% R IR St 30 A B A6 S5 40 (0 F- 2 24 & B He = 0. 11617
Vandewoestijine S ZERF57 & A 7ERR R & AHY) b 1) — T i f& Wk S ——Boloria aquilonari B3 5 %R0 B 1) F- 3 42
4 He = (0.188 +£0.029) ™, 51U L 4R3E A8 H Hofth B e i 201 B AT 45 SR A 1L, T A e AR BF
FHMEBRER B FHAREER TR K. EER ERNMRMINE T, BER AN T (HILEA AL
ZEBTIR ) XSS T RN RE AR S U™ E AR o R E A A B A ) R E N B B S
ZE L T A B A SRR, BE AP Rs R EA A THE N A, ERH B B BETRS
SPRIR EAR , B L G B A R AR A . BRIEZSN, MERBRRESHARWBLT,
— PR AT B E K X — A e A B TS 2 B BB, DT R R T BRSSO AR
TREEF T MYF 1.

A SO B B B 3L S MR FIERN Z B RPR R 2K B 10T AR S, 508 A B AA R U e R SR
— R, M ATEREI T WE AT Ok 8 )2 BN B R a R B R & BMSL o — 7
WE BB RERERAR X ERRT, IR R 2 FWBR B MR LR R Y] F KGR RME, i
DA, AR SCRF 98 45 50 S0 3 LU RIS 2 R OB ST 25981251 o ol ot T 0 6 HUJR B HiL 5 /Nl A0 S b B9 8 8 AT A
B ) A0S (] _EA—ANp02B 4 B B 5 B RS B B AR A, 5 5 A 6 B 43 B8 ) FR I P R &R
VIR ERAEMER S LEMBRE EHAERS D EMNE R E)S mREICEY R, et THRE
R SUMRFM T BT AR € B A B R R S BB R LTI E XY RN — X, 5 S EMER
3T B) B A, TE PRl g 5 3 DX Y] P <A 2 14 F T AR 8 B3 B A (B S R B AR R FH RS
XF FHATE HUR B B &R BRI AR BU ], B AT 89 73 F R ARIC B B A BRUER A8 i B T — 2P
W5t

Dasmahapatra K. K. 7EBFST8EH H B8Rl T4 Anartia fatima F1 Anartia amathea FpEE15 1% G544 B & B
ZHEIEN ALK T AR, B A A BAEY R E T R FF B 7R A X 58 A
WIRE BA I RIVA AL, RAAZSF BRI IR A Fr R S A R 2, i SR A WA B L 3
B AIAERBR A E B R 2 ARSI 5 R B A I B A FE TR B R A B R 5 R R R
HIFRGRR , AR EBRYF W RE R F s kiR A NEES%,

References :

[1] HouT Q. Pine caterpillars in China. Beijing Science Press, 1987. 29 —78.
[2] Zhao QS, Wu W B, Lv G P, et al. Hybridization experiments with two species of Dendrolimus. Acta Entomologica Sinica, 1992, 35(1) : 28 —
32.

© HAERE

http ://www. ecologica. cn



43

MEBHE % WBHRE (Dendrolimus) F/FRIEE KR GG MUK FLLEGIHT 1667

(3]

[4]

(5]

(6]

Zhao Q S, Wu W B, Lv G P, et al. Study on cross heredity of pine caterpiliars, Dendrolimus spp. Scientia Silvae Sinicae, 1999, 35(4) : 45 —
50.

Kong X B, Zhao C H, Gao W. Identification of sex pheromones of four economically important species in genus Dendrolimus. Chinese Science
Bulletin, 46(17) :1435 —1439.

Shi W, Ye H. Genetic structure in four geographic populations of the oriental fruitfly, Bactrocera dorsalis (Hendel) (Diptera: Tephritidae) located
in the seasonal occurrence zone in Yunnan Province. Acta Ecologica Sinica, 2007, 27(6) ; 2477 —2482.

FuJ Y, Han B Y. A RAPD analysis on genetic diversity of populations of Aleurocanthus spiniferus from seven tea gardens in eastern China. Acta
Ecologica Sinica, 2007, 27(5) : 1887 —1894.

[ 7] Martel C, Re jasse A, Rousset F, et al. Host-plant-associated genetic differentiation in Northern French populations of the European com borer.
Heredity, 2003, 90 141 —149.

[ 8] lJane K H, Clare L H, Calvin D et al. Genetic diversity in butterflies: interactive effects of habitat fragmentation and climate-driven range
expansion. Biology Letter, 2006, 2: 152 —154.

[9] Han Q, Caprio M. A. Temporal and spatial patterns of allelic frequencies in cotton bollworm ( Lepidoptera: Noctuidae ). Environmental
Entomology, 2002, 31(3) ; 462 —468.

[10] Pichon A, Arvanitakis L, Roux O, et al. Genetic differentiation among various populations of the diamondback moth, Plutella wylostella
(Lepidoptera; Yponomeutidae). Bull Entomology Research, 2006, 96(2) : 137 —144.

[11] Zhang A B, Kong X B, Li DM, et al. DNA fingerprinting evidence for the phylogenetic relationship of eight species and subspecies of Dendrolimus
(Lepidoptera; Lasiocampidae) in China. Acta Entomologica Sinica, 2004, 47 (2) : 236 —242.

[12] GaoBJ,Gao L J, Hou J H, et al. Genetic diversity of Dendrolimus ( Lepidoptera) population from different geographic area. Acta Ecologica
Sinica, 2008, 28(2) . 842 —848.

[13] Yuan Y'Y, Gao BJ, Li M, et al. The genetic diversity of Dendrolimus tabulaeformis Tsai et Liu in forests of different stand types. Acta Ecologica
Sinica, 2008, 28(5) : 2099 —2106.

[14] Wang Z R. Allozyme analysis in studies of plant. Scientific Publishing House, 1998.

[15] Yeh F C, Yang R C, Boyle T. POPGENE version 1.31-microsoft window-based freeware for population geneticanalysis. University of Alberta and
Centre for International Forestry Research, 1999, 11 —23.

[16] HaoJ H, Li S W, Lin C S. Isozyme cariation in defferent local populations of Mythimna separate. Acta Entomologica Sinica, 1992, 35 (1) : 33
—39.

[17] Xu G, GuoYY, Wu K M. Allozyme variation within and among five geographic populations of Helicoverpa armigera (Hubner). Acta Entomologica
Sinica, 2004, 3 suppl: 64 —69.

[18] Guo X X, Zheng Z M. Studies on esterase isoenzyme of Pieris rapae at different developmental stages. Acta Entomologica Sinica, 2002, 45(3) :
401 —403.

[19] Fisk J H, Daly J C. Electrophoresis of Helicoverpa armigera( Hubner) and H. punctigera ( Wallengren) ( Lepidoptera; Noctuidae) ; genotype
expression in eggs and allozyme variations between life stages. Australian Entomological Society, 1989, 28 191 —192.

[20] Vandewoestijine S, Baguette M. The genetic structure of endangered populations in the Cranberry Fritillary. Boloria aquilonaris ( Lepidoptera,
Nymphalidae) : RAPDs VS allozymes. Heredity, 2002, 89 439 —445.

[21] Zhang X,Leung F C,Chan D K, et al. Comparative analysis of allozyme, random amplified polymorphic DNA, and microsatellite polymorphism on
Chinese native chickens. Poultry Science,2002,81:1093 —1098.

[22] ZhangJ Y,Yuan Q H,Meng Y Q,et al. A genetic diversity analysis of wild Lespedeza populations based on morphological characters, allozyme and
RAPD methods. Plant Breeding,2007,126:89 —94.

[23] Dasmahapatra K K, Blum M J, Aiello A, et al. Inferences from a rapidly moving hybrid zone. Evolution: International Journal of Organic
Evolution, 2002, 56(4) : 741 —753.

SEHk:

[1] M PERBR. JE50. BleEmmt, 1987. 29 ~78.

[2] B, S8, BEY, % WERKRERERELE. BilEsk, 1992, 35(1): 28 ~32.

[3] B, S8, BEY, % BB E R RGBT, MolPe, 1999, 35(4) : 45 ~50.

(4] FLReSE, B, Rifh 4 FRAE Ml B 2B RASE SR A SRR B s i1 . R, 46(17) 11435 ~1439.

(5] # 6,0 ¥ =ER/NEHE(Bactrocera dorsalis) ZZTTHESME X 4 D HUBIRMRESEAE 451, A 255£4H,2007,27(6) : 2477 ~2482.

[6] AT, s, A5k B A A (Aleurocanthuspiniferus ) Fif ) RAPD ZHEtE. A 35444k, 2007, 27(5) : 1887 ~1894

[11] skBIe, FLAEE, 2GR, 5. P EMAB IR \AFPRER LR K DNA $580EH. RS, 2004, 47(2) : 236 ~242.

[12] W=, R, @, § ZMRBRAFMIIR R SR A%, 2008, 28(2) : 842 ~848.

[13] =—W, &EH#, TU, % FEMAGIE T AL E S (Dendrolimus tabulagformis Tsai et Liu) Fifif i L M. A4, 2008, 28(5) :
2099 ~2106.

(14] EH-. HWEMFHT. JEat B diRt, 1998.

[16] #paise, A, HhEF. REIHDOK RBAK FIDIRAE . B4, 1992, 35 (1) : 33 ~39.

(17] %7, BWTIT, RIAY. M HOb BRI SARAE S, B, 2000, 43 (347]) : 64 ~69.

[18] #PeEE, TR, SMURFEIRE WG T BT, B, 2002, 45 (3) : 401 ~403.

http ://www. ecologica. cn



	04a15.pdf
	04a16.pdf
	04a17.pdf
	04a18.jpg
	04a19.pdf
	04a20.pdf
	04a21.pdf

