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EF Cyt b EEF 35 HAE RF B R EMTR

SEE T RFE O AEE X E4E

(L AeOl AR BE , WL RE 07100052, i 4EAE 752 B¢, 4t k%0 075000)

FEE N T 4878 T JURPE RS G 4540 , SR AT DNA JP810 A i 30058 T 48 8 BURRIFPRF R (43 b (Cyt b) FEH K
AP A, IR S F AR AL T R AL AL o imise S EE A i G B BORG R, 45 R 0R AERARH) Cyt
b LK 387bp HYFHHPHHEL A, T,C, G SIS E4 58 40. 1% 33.5% 9.5% .16.9% ,A+T SRR E T G+C S EEMHRL
B9 AT A ] 1, 8RS F56 3 S iy A+T & 53k 86. 5% , X Fi i ml PEAEFPREIN TR B 22 R, WAL R 2 R BB 75 =
A7 FE 3T B, ELRR R PR = AR ], T8 B Bt 39 M IR AL S & A AR 57 AL REES S 0..000 — 0. 100, $7R
WE/NBRAEAE T . B ARSI A R A 2R LASMY 19 FhEERRA A, RIS Hras 5380 5 B A T JURM AR & JUl At 5
PR BSBGE P[] 1 3812 01 5 2R B BRR R OC

FE4RIA AN Cyth [N L 45

Genetic structure of Pine caterpillars ( Dendrolimus) populations based on the

analysis of Cyt b gene sequences

GAO Baojia"** ,ZHANG Xuewei' , ZHOU Guona',LIU Junxia'
1. College of Forestry, Agricultural University of Hebei, Baoding 071000, China
2. Hebet North University, Zhangjiakou 075000, China

Abstract: As the major forest pest in China, Dendrolimus includes Dendrolimus punctatus Walker, D. tabulaeformis Tsai et
Liu, D. spectabilis Butler, D. superans Butler, D. houi Lajonquiere and D. kikuchii Matsumura. During sequential
outbreaks, economic damage was serious and the forest appeared to be burned. So a large number of studies were ( carried
out at different levels but the research concerning the genetic variation and differentiation of populations based on a single
specific gene mutation has not been reported. In order to clarify the genetic structure of the populations of Dendrolimus, and
provide the scientific basis for prevention and treatment of Dendrolimus, a fragment with 387 bp of the mitochondrial
cytochrome b ( Cyt b) gene sequence in different populations of D. punctatus Walker, D. spectabilis Butler and D.
tabulaeformis Tsai et Liu was amplified and sequenced. Nucleotide composition, transitions and transversions, amino acid
composition, genetic distance, and the phylogenetic relationship were analyzed with molecular biology software. The results
indicated that the average contents of A, T, C and G were 40.1% , 33.5% , 9.5% and 16.9% , respectively, and the
contents of A+T 73.6% were obviously higher than that of C+G 26.4% . Cyt b exhibits an A/T bias across all sites which
was the most prominent at the third position of codon with the highest content of 86.5% but only 1. 1% of C at the same
position. There was no significant difference for A/T bias in the populations. Nucleotide substitution occurred mostly at the
third position. Transitions were greater than transversions, while substitutions of intraspecific populations were higher than
interspecific populations. Thirty nine nucleotide sites and eleven amino acids showed mutation in this sequence fragment
and the variability were 10. 1% and 8.5% . Nucleotide sequences and amino acid sequences in genetic distance were 0. 000
—0.100 and 0. 000 — 0. 086, indicating a low genetic variation. The amino acid sequences were believed to be more

accurate than nucleotide sequences in genetic distance. Polypeptide is composed of nineteen amino acids except for glutamic

EL£mE . BRHARI4 (30771739)
Wo#s B #1:2010-01-24; E1T B #3:2011-01-11
# MIRVESH Corresponding author. E-mail ; baojiagao@ 163. com
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acid and amino acid differences have little to do with populations. The most common amino acids and codons are lysine
[ AAA] and asparagine| AAU |. The average content of AAA and AAU is 15.00% and 10.63% , respcetively. Cluster
analysis showed that the genetic distance between D. punctatus Walker and D. tabulaeformis is relatively close, while
genetic differentiation exists between D. punctatus Walker and D. spectabilis Butler. The population genetic differentiation
was related to ecological environment. These results provided a basic molecular biology clue to the studies on population

genetics and ecological control of Dendrolimus.

Key Words: Pine caterpillars ( Dendrolimus) ; Cytochrome b gene; genetic structure

ULAER , “E A1 IR T . RAPD (AFLP \SSR \ISSR K ZRA7 /& DNA S8 AR %t B iRy e 1% 2 Re bk 5
BB MEHEAT T REIIE, WFITAE SRR, B UM RN A g5t 1% 78 5 R TR ) 5 % PE W Fist 1% A48 S A%, AR ik
PRt A% 728 S van s TR (B] 3545 40 P B T b o 8 VPRI 2 5 S P | P g i - (e A ) B8 24 5 S o e v
LR BB

ZRiK DNA (mtDNA) J& 74240 DNA | HAT 73 S5 {7 58 FR AN AR S , AN B K R 9878 A BE PR AN
[7i) DX I AU 8 A7 7R 22 5 B A . miDNA BB ) — N6 PR B BE A &5 T 7K T BRSO AH OGS
B IS AT AR BT S BTk BRI, A mtDNA K- RAIF 5 R AR R 19 35 14 R0 AR S K TR
TS DNA A ELAR A S JE R sl B DR B, DA S8 aeb B A SR DR 9 728 S o i — 28 SO AR 1) A8 S R ol
T BN REAATR) 3845 44k o IR E M S BT B He b 5t A% 45 #4198 2 1) 8 B0 20 1B i, AT mtDNA
VENPRCHEAT IR ZEad R LR R AR BT Z T E B E SR E e | 6
WH F#E CEEE R HERS R RER R LT FHRE R e

PAE R IR [ fa 3 5™ B AR iz — . Horb R 5 DL 5 B A B L (Dendrolimus punctatus punctatus
Walker) /i), faE i, LT LIHAABH (D, punctatus tabulaeformis Tsai et Liu) , JRAAEH (D. punctatus
spectabilis Butler) FIVE A TEH (D. superans Butler) S5 3E 4 WK fo FE i EH . A2 E M4k 72432 | JA)
5T . RAPD | AFLP SSR % ZFh F-Bodt HoE 5 0 R M AL 2580 5 /0 A0tk AT 7 K iy ise 1 ikos
A= R R — AR AR AR (X SE i 5T 22 J2 LA A DNA Sy SRR 47 A% i =1 38 ok B0 1 EL A [ £
70 S R SN AR %) 353 A% 708 S A0 Ak, BT R i LU R THAG B8 07 v AR 1k 22, 45 SR P f5 BE IR, PRt AR S
W1 FH B 4R AR DNA 13 NG it 25 191 5 1) 35 PR Fh 54 S S REF I S5 M T AE /Y Cyt b HEIRER 73 g A Xy H 1Y
BEPA 3 HTI0 33— B B A A B AR HA T HU RS [R) R RE (0 352 AL 45 A AT IR, LU I8 e 20 B e BE PRl B
B SRRV HAB AL S5 48 B2 PR | S e B 1 B Bl B2 BE LA 4R
1 #MRl5FZ®
1.1 ik
1.1.1 dkrR

SH LR BRI S AR (G SR E R SR B RS | AFEERTTAS B HUTR Y 3 AR ) VR R S
AR, & T RE AL AR MRS B SRR B AR 1,

R1 MERFENREMER

Table 1 Origin of the tested Dendrolimus materials

it AT SR A b S Hh PR HEARL
Populations Code Site Location Samples
OEMER D. punctatus punctatus Walker GYM bilEa R EEN E112°29" N25°55' 3
IRANTE B (EFN) D. punctatus spectabilis Butler SYC LTI E119°23" N41°11’ 2
JHAATE AL (W) D. punctatus tabulaeformis Tsai et Liu HTLZYC P [0 5 i o e T E VATV /N E118°46’ N41°27' 9
PQYC JE (AR EE R E AL E118°63' N41°11’ 4
HTLZYH b R B B B s R Sk E118°45' N41°14 5
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1.1.2 SCHAUER

A KIE KIS B O VKA (PCR AX FRIK i TAER .
1.2 ik
1.2.1  FEPH4 DNA $2H

AHIGE T FH A B HURE S 35 R 2 PGS LR VR I B Sk P B OB B S ML IR ( Bk i 2 )5
F0.1 g) BT HEFT S AFER P I AGE SR R GE B AR R BT 1.5 mL Eppendof & Fh &% SDS-2E
K {H A4 EUE DNA

DNA $2HUZSE A5 B 4l frs 3L 4] DNA H 0. 8% (S AR RN , 8 4% 1Y 3 I 41 DNA-20°C PA7 &
1.2.2  ZRifk DNA 4ifta R b 5B PCR ¥

PCR #3415 HAR i BE 2R DNA 40l 2% b (Cyt b) & 4 i X 1 — B DNA 491, 5193+ 5%
Simon 16 o IR .

CB-1 5'-TAT GTA CTA CCA TGA GGA CAA ATA TC-3’
CB-2 5'-ATT ACA CCT CCT AAT TTA TTA GGA AT-3’

TR A ARE R S0uL, N 7 50ngDNA BA A AR . 514 0. 20mol/L  dNTP 0. 3 mmol/L Taq
DNA 4 2.0U Mg**2. 5 mmol/L,PCR buffer 5L, Jill ddH,0 % & ZLAKFR 50uL, 1 51F 4 .94°C AR 1
3 min,35 MEF, A3 94°C 25 30s,55°CIE K 60 s,72°C HEMH 60 s, 55 78 72°C T84 4EM 5 min, ¥ 34774 1
1.5 % WIIEBEWEEE RS R IKAG I
1.2.3 PCR /=¥yl )3

P T BT A B S P B iy ) B0 ] A T SR LK B 8O B HE R AR S =
EAEYARAGHATT, A5 ABLAF 377 #4 A 3T 518X
1.2.4 DNA JPFIE R AL 2

I B A5 45 25 5 81 A1 DNAStar B00F €0 8 SeqMen B FEFTIENT , 4 75 WA AR 5 581, %41 P 356
B — R T N TR, DARIEDN 7 S5 F ARk . 88 )7 95 , 76 NCBI ] BLAST #EA7T AU PRI R o
FE TSP I N BARSE R By, 55 B X B8 751 Clustal W44 X622 35 R 91) B R BE 1R 7 9 0B A7 HE X
o3 Fst AL s B A Mega 4. 1 TSR] T 91 ) B AT AR 7 187 2945 B s, e 48 46t L AL 382 A2 I 5 B 45
Ff i, R4 (neighbor-joining method ,NJ) % 8] 2774 ( maximum parsimony ,MP) #4758 IE547
2 BEREHH
2.1 DNA $2HCS BT

FERCH ) DNA H 0. 8 % B BEAEBHEBE A FEL VRN , 2558 0 7 SDS-2R 1 K 748 U DNA 7 B3 55— 3
SR oeaE LT R (1) .

PLEL DNA SR, R 51904 CB-1\CB-2 §™3% | JrA #3445 21— 2% R¢ 5% PCR 724 (K1 2) 25 500bp, H.
3 WEE IR R —8, T LR E B3 2551 9 miDNA Cyt b K250, i AR 4% ih R AR R L 1A, IF:
X HE P Py T
2.2 Cyt b FEF N RES A F

FIAS 7 98 25 5 1) AR 5 3 91 A ik e J5 L 4K 15 389bP ¥ 81, 4 ik AR 0 135 23 A 2 W T 10 5 1140 7 )
Y5 — BRI AT — BRI RS T 1056 2 A, R TR T o007, NS =0T 8R40, BRIy 41 2 K BE 387 hbp,
LGRS 129 NEIERR .

BEXTUHERY 387bp IF SR Mega 4. 1 3K HEATARIE LB A0 2B, 76 £ 00 22 AOAA B AV 4R (5 2% b JE N
BP0 A 387bp , AN AT IELH 348 A, A8 S S8k 39 A, TR B AL 27 A4S, BE AL 12 4, 75148
SN 10.1% . A,T,C,G FXSE5140.1% 33.5% 9.5% 16.9% ,A+T &1~ 73. 6% (156 FE PH A
W 73% AL TIRBAFPHEE 73. 8% JTALFIEE 73. 6% , FIEFRIZE BN ) (T G+C iR 26.4% ,A+T FrE B &
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T G+C it X5 B i — BRI TSR AN — 2, 7R80SR A R AR R 22 57 . AT
WAL R TRIR S A+T SRR 2,

M 1 2 3

El 2 PCRPHEEMER
E1 SDS-ZEHA K iX#REA DNA BHikE i Fig.2 Results of PCR amplification

Fig. 1  Electrophoresis photograph of DNA extracted by SDS- M. k71 DNA 23 74 1.2 3 PCR ¥ 14724

protein K method

x2 FWTFARMAEESMERFMELGR
Table 2 Nucleotide Frequency and Substitution of Coden in Vary Site

FH T Codon sites T C A G A+T Ts Tv Ts/Tv
55— First 23 10.0 46.9 20.0 69.9 0 1 0

% {7 Second 31 17.5 34.0 17.8 65 1 1 1.33
5 = {37 Third 47 1.1 39.5 12.8 86.5 6 2 3.04
S IEEAT total 33.5 9.5 40.1 16.9 73.6 6 4 1.45

M2 AT AR T IS =L, A+T St 5 T G+C 35 (4 ff i) OISR, , i ELAE P4 Rt o, C
e R B 1 1% , FLZERRREIRI 22 5457 (0. 9% —1. 2% ) Tl AC IR A MROFP R 5 755 =005 C 19 & i
H0.9% , IR EE AR 1 555 =75 C B &5 1. 0% , 1L 7 VL BH AR RE FIar I8 ) P A Sl oRD 1 25 1 oh
1.2% ,T W R I SR 2 47% o Sty Cyt b JEPITE RS 7~ FH 1 B i 1) 1

iz i Megad. 1 ARAFGEVT P P 91 22 TE) A R P 48 (Ts ) RIS (Tv) BB R (H (Ts/Tv) RISE R 3,
MEEHH AR AN B HL Cyt b 79 ) FE40 502 T s e, AN [R) 3 8 7 L AR IR et R B ik T AR R 22
SRR TR RS 15 =L, B 5 B R A AR A ] R TR — | A B T e B R
85. 7% , At i S IGHIN) 50% | FetfeZe TG . 1R BB PRI 103 AR BE AR AR () G ] S0 22 5 (ELAE T L f)

£3 BREBRARMSNEEREREESGR

Table 3 The base frequency and substitution of nucleotide codes each sites

7 4 Codon sites i Ts Ty R TT TC TA TG cC CA CG AA AG GG
T Avg 380 6 4 1.45 139 1 3 0 37 1 0 152 5 63
Si—{f First 130 0 1 0 30 0 1 0 13 0 0 61 0 26
%5~ Second 129 1 1 1.33 39 0 0 0 23 0 0 44 0 13
55 =1 Third 122 6 2 3.04 59 1 2 0 1 0 0 48 5 14

ll*ﬁuﬁt{ ;TS:%%&&;TV:,%F\E?&@;R:TS/TV
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3 PP E) S TR R 2 S K AL TR SRR RE AT 5 A0S & A= Bl , Horp 4 AN Bedde 1 N Hge 1 T A4 4
MRAIE ) HA — B e A 4 H AR I 48 | T i Je Az 136 IR A S R A () 700 S TR ]
SR 2 R 1. 45, ULIARA B AN 51 BB R 4 EL R SR AR | 8 22 AR i AL 45 4
FagE
2.3 BRI

FIH Megad. 1 34, 3T Kimura 2-parameters BERITH3 T TG P 75 81 (0] A% 1 B (138045 #E 25, 5& T p-distance
BRI T A BRI s R Y (2 4) o th3R 4 W IR R A% BE B AE 0. 000—0. 100 =2 (8], 2 BE R 15t 1 B B
TEEITE 0. 000—0. 086 = [1] , 1 A1 £ 45— 25 8 7 1) g A PER{RE RNk BH AR 15 45 00 25 A, U X PR S B ] 1S
T sl ik,

®4 Cytb BEBEEEMI LB (BT, 22T, 25ER, 4 1)

Table 4 Pairwise distance of Cyt b gene sequence ( nucleotides, lower triangle; amino acid, up triangle)

FIHEARIY Code GYM SYC HTLZYC PQYC HTLZYH
GYM 0. 086 0.016 0.016 0.016
sYC 0.100 0.070 0.070 0.070
HTLZYC 0.013 0. 094 0.000 0.000
PQYC 0.013 0. 094 0.000 0.000
HTLZYH 0.010 0.091 0.003 0.003

2.4 LA RS T

F Megad. 1 FAEGETHAB AURIEE miDNA Cyt b 25 X A 2L RRALAL (£ 5) . H& S A0 FT i JE K 2 51)
JEGRAT 129 DRI, H A 11 NRAZES, B0 8.5% , WL FLL A 45 BARR S, 4R =00 & C %
Tl AL Sty Cyt b JEI7E BRSO LB A v . fER TR b 500 A B2 RR (6
IR lysine[ AAA |\ KATHNE asparagine[ AAU | ) i A ARHR 8 | 3 I o 2 R o A3 1 B 2 B IR 1Y) 25. 63%
(Lys15.00% ,Asnl0.63% ), 1E5 DFH#ER , B %R (Glu) & BAR A AXAETL BH A HE (0. 78% ) HHA L EAF
16, TAEH TR A SE B Glu FIFEAE , B4 Fl e mIDNA Cyt b 4 fi% X O 2 14 B 2 2688 T 2 1B Glu
LASIME 19 FhE S RRAA , 76 SRR AL A A — @ mi P, BR Glu LLAMY 19 FhaU SRR AE 4 Fh 4 (1 40 i AR
FES5E/IN, W iR 1) 8 S SRR AL - a5 25 30D

K5 oytb EERFIISERAN

Table 5 amino acid composition of cyt b protein sequences

ﬂ:ﬁigiﬁgj Ala Gys Asp Glu Phe Gly His Tle Lys Leu
GYM 3.91 1.56 0.78 0.00 1.56 8.59 0.78 7.81 15.63 7.81
SYC 3.91 1.56 0.78 0.78 2.34 7.81 0.78 8.59 14.84 7.03
HTLZYC 3.91 1.56 0.78 0.00 1.56 8.59 0.78 7.81 14.84 7.81
PQYC 3.91 1.56 0.78 0.00 1.56 8.59 0.78 7.81 14.84 7.81
HTLZYH 3.91 1.56 0.78 0.00 1.56 8.59 0.78 7.81 14.84 7.81
Avg 3.91 1.56 0.78 0.16 1.72 8.44 0.78 7.97 15.00 7.66
ﬁ??;g:ﬁﬂ;’ Met Asn Pro Gln Arg Ser Thr Val Trp Tyr
GYM 6.25 9.38 5.47 2.34 0.78 8.59 3.91 7.03 3.91 3.91
SYC 5.47 10.94 5.47 1.56 0.78 7.81 3.13 7.03 4.69 4.69
HTLZYC 6.25 10.94 5.47 2.34 0.78 7.81 3.91 7.03 3.91 3.91
PQYC 6.25 10.94 5.47 2.34 0.78 7.81 3.91 7.03 3.91 3.91
HTLZYH 6.25 10.94 5.47 2.34 0.78 7.81 3.91 7.03 3.91 3.91
Avg 6.09 10.63 5.47 2.19 0.78 7.97 3.75 7.03 4.06 4.06
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2.5 KT HUR IR 0 i A4 B SR I B

K] Megad. 1 HAFALRY NJ 54 MP IEAR S AL T B AT R4 (1613 4) o Al LAFE AT N kA MP 3%
PRI ITIE TR SR I T 4G R e 2 — 2, RS S M S MR O &R . BV B, KRBT 30 3 32 i S fei L
PIAS SRR B 1 X B IR 5 P S IR SSHRA SR 1 32, Z 05 50 R R PR AR R 2R 56 2 3¢, BeJm 5T i
VEBHRRRESR NS 3 30 X — S5 R R WAL T s A ] Ffrht 18] S 245 MR T Ak A 2SR i T — 5 W38t A 74k

99 HTLZYC 73| HTLZYC
433’—: pQYC 64|—1 poYC
HTLZYH HTLZYH

GYM GYM

SYC SYC
0.005

—_

3 EEYAEMERER Cyth EERMNEREE
Fig. 3 MP dendrograms based on the Cyt b gene sequence of B4 BEAMREOMENR Cytb BRKRKE

Dendrolimus Fig. 4 NJ dendrograms based on the Cyt b gene sequence of

Dendrolimus

3 itig

ARHFFEIETF X mDNA Cyt b FEPRFR A7 5 A0 2 Fo0 T, 55 T 48 T8 O TR RPORE A] A s A5 06 2R, 25 0R 36
HHAIRE ] 1Y) 5t 45 22 57 LU /N (B AR B 2 FR T B BE B 7E 0—0. 1 Z [a]) o X Frill 459 Cyt b BERRER 43 )5
GIHEAT o3BT, 25 BRI B Cyt b [FHIN A+T P EEN 73.6% W m T G+C H 7 (26.4% ) , SHER
AR AR A TR A+T BT 39MH (64% ) o 5 H© SCRRARIE (Y B ORI T 1) 1) 25 SR 5y —
B0 FEBAL T LA AT R 86. 5% , BB E (93. 4% ) T K M (95. 2% ) L) K SR
(93. 8% ) TEIZAL A Y A+T SR R0 Cyt b B 7EmS R4 Al - BA WA i B Pk, 33 O 2 2
HTE =M R A K28 T W R4, Z B B AR5 E 18/, R85 2 [ 78 45— 55 — o A
MR,

B I 480 (14 285 S 7 91 ) e 22 1 B , A 6 A Sl W b M R TR R A | 05 1) 5 o 32 22 DA 4ok
MILEE | A ST R ASE A —3 ) B 22 LU RIME R 1,45, Knight Z5IAR 6 B i 3 2 L )
{EA/NTF 2.0, W IE R P81 2828 EL A B APIRZS T o BAHA IRl 2 A B3 B 4 E SR B AR S . AARMA |
B I R AR TR AL B A, AR BN 85. 7% i T IE AR HL(73.5% ) EH (74.6% ) |
T HE TR (89.74% ) 7 KRB R BB R, H L KA A-G [, Sidh £ L AETE AT
], S AE R HE N LR KA FEBEL C-T HFEHFRLGRA—8 ) BFLLA T 45 B
o, XS R SRR T R R R RS A+T SRS, S0 A B IEER AT A [
QLN ST A R — 2, RO E T AL T IR BHFRE , e BAFE X SEFp S rfr | Cyt b 4w (13X — &840 1Y & L R 7
G 19 FREIERRAL L, PR AR LASMG 19 Fha FEmR 7N N A0 8 tbichese | PR oAl S0 R 1) 22 55 [m] ol
BRI RAKR,

BT Kimura 2-parameters fBIF p-distance BALTEE 1 5 AFIEAL B HUP Py 91 [B] A% 1 IR S 2 LR 114 35t
A2 WA R0 T84 2 50— S50 s 1) e e PR R e AN SRR B st A IR B R, OO R 1) st A% 22 S PN 2 L R st 1

255t WPRUE R A1, WEERHRRIE b S et 2 R IR 1y 91 2 LA H R 7 91 S AT S T

RIEIER (K 3, 4) 5EXLA] AFLP J7 35 B AR A0 52 19 SRISAE KA, 2838 A D 45 Pl [ 3 22
YIRS 7 NTITE [ R SR A e ol B i 0 B U TR LB | AT D R 2 S B I R N R A Bive )
— S R R AT I A B SR A LR A i [R] S AR AT, 7 PR B DA SR T | P A A A ER AR 2
PERRURE S A s, AHR 2 5 Se S RE I E SR D28 — S 2 a4 S UL BRI SR O 5 =5, U BT b A= A5 R IR 1V 1%
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