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Abstract: The beet armyworm, Spodopiera exigua ( Lepidoptera; Noctuidae), is an important and cosmopolitan pest that
attacks cultivated crops, including maize, cotton, soybeans, beet, tomato, cabbage, and alfalfa, causing serious economic
losses in some of the main crop-producing areas. This species originated in South Asia and is distributed throughout the
tropical and temperate regions of Asia, Europe, Africa, and North America. In China, S. exigua was first recorded in
Beijing in the 1890s and has been widely distributed in the southern provinces in recent years. However, recently, with
global climate warming and the adjustment of agricultural planting structures, S. exigua has quickly spread to the main crop-
producing areas of North China. Genetic diversity and population genetic structure are important aspects of the population
genetics of agricultural insects, and provide essential information for understanding local adaptation and dispersal patterns,
and for clarifying the relationships between genetic variation and outbreaks of pest species. Cytochrome b ( Cytb) has a

moderate evolutionary rate and a clear evolutionary pattern, suitable for the studies of phylogenetic evolution at the intra-
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and inter-specific levels. To identify the genetic diversity and population history among geographic populations of S. exigua
in North China, and clarify its population demographic history and genetic structure, the genetic diversity, structure,
differentiation , and molecular variance were analyzed using DnaSP 5.0 and Arlequin 3.0. In the present study, 798 bases of
mtDNA Cyitb genes were obtained from 304 individuals of S. exigua, collected from 17 geographic populations in 8 provinces
of North China in 2012. Of the 798 characters, 776 sites were conserved and 22 sites were variable (2.8% of the total
length ) , including 9 parsimonious informative sites. The average base frequencies were 42.7% A, 33.1% T, 12.6% G, and
11.5% C. Within-locality diversity was estimated in terms of haplotype diversity (h) and nucleotide diversity (7r) from all
surveyed localities. Low genetic diversity (Hd = 0.422 + 0.035,7 = 0.00119 + 0.00011) in the total populations among
different geographic populations was detected. The highest estimate (Hd = 0.643 + 0.106, 77 = 0.00214 + 0.00039) was
detected in Binzhou ( BZ). Nineteen haplotypes, including 9-shared haplotypes were identified. Hap6 was shared in 228
individuals of all populations. Phylogenetic analysis was conducted to determine the relationships between S. exigua
haplotypes, and detect discernible groups related to geographic distribution. High congruence was observed between the
phylogenies derived from Maximum parsimony ( MP ), Maximum-likelihood ( ML) and Bayesian analyses, and these
analyses generated only two inclusive clades. Moreover, the median-joining network was similar to the topology of the
phylogenetic tree with 19 haplotypes, and revealed no obvious phylogeographic pattern. The pairwise F, values between the
populations varied from —0.049—0.666. Generally, little genetic differentiation ( Fi, = 0.108, P < 0.001) among different
geographic populations was detected, with the only significant differentiation between the Lucheng ( LUC) and other S.
exigua populations. The analysis of molecular variance ( AMOVA ) showed that the percentage of variation within a
population (89.18% ) was greater than that between the populations (10.82% ). The results of neutrality tests on the S.
exigua data set of the total population are: Tajima’s D (D = -1.897, P < 0.05) and Fu's Fs (Fs = -4.424 P < 0.05) ,
combined with the unimodal mismatch distribution, indicated recent population expansion of S. exigua in large spatial

scales.
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Z R AL A 8L oA SRR s S HEA TR A ST, D B i T U B G T R R D s B R
2 BRAY T HUB A SR S AR A IR

1 #R57EE

L1 SRR R AT ik

ARWFFEIEEL 2012 4FR FH IR E 8 4 17 5 (1) (1 304 SLAHSERCMRE 200 il 2R S R AR 4 A 5 PE(F B
FABMENE R RS (R 1) o R TR R AR A W] — N SCREA Y JS A FRATTR AR I S (R 45—
SERES . R FTARE R INRHIAE - 20 °C,95 % LI FORAF T 1L T4 AR B4 B A PR3 AF 5% e (v
JIRBH) o FAN, ERE R G K B WA, R Spodoptera androgea ( Stoll) | P4 3 5 25 Ak L ik Spodoptera
praefica ( Grote) Fl Spodoptera latifascia ( Walker) VE RSN

®1 HELFHXAERMEBEMHHFHITEFERARESS

Table 1 Sampling information of Spodoptera exigua in different geographic populations of North China

R 1R FEA K AR AR s SR ]
Collection sites Code Sample size Geo-coordinates Inset stage Collection time
1T AT X SY 12 41.8 °N, 123.4 °E A 2012-07
1T BT R S X FX 19 42.1 °N, 121.4 °E FAIE 2012-08
LA BTELIX HLD 27 41.0 °N, 120.9 °E 4 2012-08
1L IGETT 4N X DAL 16 39.1 °N, 121.7 °E A 2012-08
KHEHFHLX TJ 8 39.0 °N, 117.2 °E 4 2012-09
WAL BARTTZ R E S XINL 11 38.3 °N, 114.7 °E A 2012-08
T8 TR v s B HAD 17 36.6 °N, 114.5 °E L 2012-09
IR EE S LUC 11 36.3 °N, 113.2 °E JAL 2012-09
WS BT e B YC 17 35.0 °N, 111.0 °E AL 2012-09
BV 45 T R I TE X DL 26 34.8 °N, 109.9 °E IR 2012-08
A P P AR & NAY 17 32.6 °N, 112.4 °E #y 2012-09
TR # S R RH L XINX 22 33.0 °N, 113.7 °E I 2012-08
LI IR TR YANC 12 33.2 °N, 120.7 °E A 2012-08
INARBBEHINEX TA 30 36.2 °N, 117.1 °E A 2012-07
LWIZRAE & T A el A 7Q 20 36.7 °N, 117.5 °E #y i 2012-08
IR M TS BZ 19 37.2 °N, 118.1 °E B 2012-07
INARA R RS B PENL 20 38.4 °N, 120.9 °E B 2012-07

1.2 FLPHZHE DNA (42 HL PCR &3 57

FIH Qiagen’s DNEasy $EHUAF & ( Qiagen, Valencia, CA ) #EA TR Mk &L DNA $2HC, %6 FH mtDNA Cyb
SR AE R T s g, H P8 5 ¥ A CP1 ( 5'-GATGATGAAATTTTGGATC-3') ) FI TRs ( 5'-
TATTTCTTTATTATGTTTTCAAAAC-3") ™', PCR Wik 25 L IR FR, % 0.25 L EasyTag DNA
Polymerase(5U/ L);2.5 L 10xEasy Taq Buffer(+Mg* ) ;0.5 L dNTP (2.5 mmol/L) ; IEZ31#145 0.5 L
(10 mol/L);1 L DNABiHZ;19.75 L KEK, 354 PCRIGHSECH .94 CHAEME: 5 min;94 °C AP 30
s,46 CiR K 30 5,72 CIEfH 45 5,30 MG ;72 CALEM S min, PCR =Y7E 4 CLRFE, PCR RNTE Applied
Biosystems ABI 3730( Applied Biosystem, USA) b #E47 . FrA5 00w I Fy 5 R @ i DNAStar 5.0 ( DNASTAR, Inc.
1996 ) AL ) Seqman T2 7 HEA TR KOl 5 285 SR 1) DF 422
1.3 FHIA B S HE AT

2 Clustal X 1.817 K PFHEFT 2 FF LLXT, 6] MEGA 5.2 8 {43ET Kimura WS HH (Kimura 2-
parameter )} 4 EEIRFL R AR TE N 10581 18] 3% 5 25 ( K2P-distance ) 2 A AR,
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K=- (;) In{(1 = 2P - 0)/T =20} » Fth,P il Q 4t Felb e MG 10 [R5t A BER (8,

Hfx K 8 297 ( Maximum Parsimony, MP ) | iz K Bl #& ¥ ( Maximum Likelihood , ML) 1 D1 i 87 % ( Bayesian
Inference, BI) F @ R4 & B, M H B2 MR G R B XK AR, MP WTE PAUP "4.10b kAT RAE K
AR BEOLINAE, T 5 1000 WK, #4) e K& 2944 . JH Bootstrapping 4341 , X 4% 43 3 sl A7 PF- A, K9 1000
YR, B UK I B AL I AR B 52 100 ¥R, BRI 50% & B, Wit 1 AR T 294, FIFH Modeltest 3.7 1
Akaike information criterion ( AIC) SIS AT feah HE AL RIS B ML AHILZE PAUP *4.10b _E3UAT il .
K, BEHUINEE , FEE 100 WK, M8 E RALSRB . H bootstrapping 437, %4543 32 s - A FIFH , 460 100 UK, B UG
Ry BEHLINFE AT 10 Y, BI RGEM 1A, LAREALA A ia iy AR 96 H s i A, 4 2% SR W] K12 4T 1,000,000
A, %5 200 AAHIEEIFORAF 1 B , BRAFA B 0 SR . 0511 2500 AR R AR 2 AYRT 500 BRA 55 7, LLER
UER ISR - L A B AT TRE

] NETWORK 2.0 $JEAT 2 T Median-joining ¥ Xof T A7 /> (A Ky s o5 5 2 1) 1 o 245 56 R 1, ol
DnaSP 5.0 it Hf5 B 28 (Hd) A TRZ S (), LUK F AR ic 19748 SR i e g™ o i
Arlequin 3.0 T T2 T ( analysis of molecular variance, AMOVA) 53TF Kimura 2-parameter AL R
BRI ERRAL b FoAS50T, Fo METHR AR

Horp n ARZRFESS | FREREAS P A JE R 4 DAL,
2 ZHR5HH

2.1 Cyth P9V S Jasifle ZAEHE

A E] 8 4 17 AN HIHFPHE Y 304 KSR A M T 25 R, Cyeb FERFHIK N 798 bp, Horfr,
776 ABRIEF I R PSEAL A, 22 DRSS (S FLER B 2.8 %) ,9 AMAAME B AL, WA HBUIERR A
RIS, SEIDRFE 5k 42.7 % A,33.1 % T,12.6 % G Fl 11.5 % C,A+T &5 (75.8 %) A B 5T
G+C Frit(24.2 %) ™5 A+T f Pk 5 H B S0 H R Ak —30

H 2 2 AT LUE 17 A M SRR A SR i 0 SRR SR 2 288 (Hd ) T 0.422 + 0.035, % IR Z B
(7) 2} 0.00119 + 0.00011, Hrf, BZ FpfE Ry BLA5 R 28 (Hd) BT IR 28 (7) fermr, 435010 0.643 +
0.106F1 0.00214 + 0.00039, 5 A4, SY Al HAD FEERY A5 275 (Hd) AT IRZSE (m) f Ak, B
H0,
22 RS RGERE T

1 304 S EHSER I Cyeb FEHFH rp, JERGIN H 19 4~ BRA% L ( GenBank %553 % . KF589828-KF589846) , 4%
by SRR SRS TR A A WL ER 2, 45 M SRR A BB VO R 1—5 A, E B AR R 3011 A, o DL
YANC ,BZ 1 PENL Fpf B A5 BUR it it F 67, 20 WIAE 26,1219 20 NG TAMA b e Heg SCT 5 AN BAfERL, 15
19 A BafE IR 4 4R 9 AN EE BRI (Hapl \Hap3 .Hap5 .Hap6 . Hap8 Hap12 .Hap14 Hap16 il Hapl17) ., H:
o Hapl 2065 TR 5 DFPRERY 14 DEEA B Hap6 J792 204 T Fr A 438 17 DR RERY 228 PREA
Hapl4 325040 TRTA 12 FEER 31 ANEEAT . 5340 B A1 46 10 A A58, Hod | Hap2  Hapd \Hap7 |
Hap13 Hapl15 Hapl18 F1 Hap19 4335 LUC DL XINX \TA .BZ . YANC I SY FpREFr 4 , Hap9 . Hap10  Hapl1
4 PENL FPE TR

PL'S. androgea \S. praefica M S. latifascia VRN, He T I K298 (MP) S RABUSAMS (ML) 55 DLt
(BI) MHEBAERI RS LM (K 1) 45120 R4S MP/ML RS 5 B HE R, R R BB R 2 4
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5332 (Clade) , (HALAFAE A AR AR DY 5332, Clade T 1 4E Hap6—Hap12, Clade 11 "1 423% Hap13—Hap19,
5I[Rl 3T Median-joining Y544 # Y SRS AL 28 5C R GIF TS5 SRR S5 A Hap6 |12 404 T2 17 4~
M FEAP R, AR A 2 ) AL 1—2 S SRAZ R &R Ho Hap6 43 %l 5 Hap7 , Hap8 , Hap9 , Hap10 FiI
Hap13 ZIEAUA 1 DRASEKER (E 2) . RPN RS RGE K T AR — 3, & HR B EAH B HC 7R A [
AR b AR B 0 R GE AR )

F2 REILS R IR B AR B RN B SRR PR

Table 2 Distribution of the haplotypes, genetic diversity and neutral test among different geographic populations of Spodoptera exigua in

North China

R0 K A G
AR WROMEEE  BAMEAE Nl test and
kit Number of — HAE ALK AMAKL Haplotype Nucleotide significance test
Population Haplotype  Haplotypes and number of individuals diversity diversity Tajima’sD {8 Fu’sFS {8

(n) (Hd + SD) (m +SD) Tajima’sD ~ Fu'sFS

value value

SY 4 Hap5(1) \Hap6(9) \Hap14( 1) \Hap19(1) 0.455 £ 0.170  0.00173 + 0.00070 0.000 0.000
FX 3 Hapl1(3) \Hap6(14) \Hap14(2) 0.444 £ 0.124 0.00111 + 0.00031 0.0968 0.905
HLD 4 Hap5( 1) \Hap6(20) \Hap8(5) \Hap14(1) 0.430 £ 0.103 0.00085 + 0.00030  -1.339 -0.607
DAL 2 Hap6(12) \Hap14(4) 0.400 = 0.114 0.00100 + 0.00028 0.838 2.177
TJ 2 Hap6(6) \Hap16(2) 0.429 + 0.169 0.00161 + 0.00063 0.458 2.469
XINL 2 Hap6(10) \Hap14(1) 0.182 + 0.144 0.00046 + 0.00036 -1.430" 0.506
HAD 1 Hap6(17) 0.000 £ 0.000 0.00000 + 0.00000 0.000 0.000
LUC 4 Hap1(5) \Hap2(1) \Hap6( 1) \Hap14(4) 0.709 £ 0.099 0.00201 + 0.00040  -0.240 0.266
YC 3 Hap6(13) \Hap14(3) \Hap17(1) 0.404 £ 0.130 0.00111 + 0.00036 -0.016 0.784
DL 5 Hapl (4) \Hap3(2) \Hapd( 1) \Hap6(16) \Hap14(3)  0.600 + 0.098 0.00176 = 0.00031  0.201 0.098
NAY 2 Hap5(1)\ Hap6(16) 0.118 + 0.101 0.00044 + 0.00038 -1.706" 0.708
XINX 3 Hapl(1) \Hap6(20) \Hap7(1) 0.177 £ 0.106  0.00034 + 0.00022 -0.835 0.813
YANC 5 Hap1(1) \Hap6(8) \Hap14(1) \Hap17(1) \Hap18(1) 0.576 + 0.163 0.00213 + 0.00070  -0.556 -0.609
TA 3 Hap6(26) \Hap12(3) \Hap13(1) 0.246 + 0.098 0.00055 + 0.00023  -0.989 -0.190
7Q 2 Hap6(17) \Hap14(3) 0.268 + 0.113  0.00067 + 0.00028  -0.112 1.524
BZ 5 Hap3(3) \Hap5(1) \Hap6(11) \Hap14(3) \Hap15(1) 0.643 + 0.106 0.00214 + 0.00039 -0.017 0.183
PENL 5 Hap6(12) \Hap9( 1) \Hap10( 1) \Hap11( 1) \Hap14(5) 0.600 + 0.101 0.00149 + 0.00032 -0.945 -0.672

Hap1(14) \Hap2( 1) \Hap3(5) \Hap4 (1) \Hap5(4)\

E}:ﬁ 19 Eigfi??\:g;‘gi;))\\I;a:jlgs() 1\)}1\“?2;3(\?15';’1\(;:31; 0.422 £ 0.035 0.00119 £ 0.00011 -1.897°  -4.424°

(1)\ Hapl16(2)\Hap17(2) \Hap18( 1) \Hapl19(1)
JITKLEAAE A S A AR SD Rondnifis, * R ZER B (P<0.05)

2.3 N[ BEARRE ] 545 B S st A1k

WFFE 45 SRR B, 3R 1 b 5 b DX SRR I A [) b B 30 (8] 194 - 2438 4% 5 85 4 0.001 (0— 0.003) , Bk |,
LUC FhEE S5 HE 8 N HbIRAPIE (HLD \SY (HAD NAY XINX ,YANC TA Fl LUC) 38 {£ I 25 5k , ¥ 0.003 (
3) . FAM,19 A HARRLZ [E] A A EE 25k 0.005(0—0.009) .

AL IR EL ( F-statistic , Fyp ) AT 27 A ) JHE AR 0] S5 07 35 DRSS 1 728 S | O I B AR ARk Dy s i T 22 5
B, AR — E R LB AR R TR I DR 3 R 3 A5 AR (R AR 1 3 PR U T LA 7 o AR [ T BB A SR IR 3B 15 I
B M BAE S . Arlequin 3.0 HHAZE R BoR | 17 A HUBRFER] (0 3345 0L TR B Fo, ol 0,108, 45 1 3t
FOHEMRI Y 5% 73 AL 20 -0.049—0.666 ( 3% 3) , LUC 5 H & 45 M 3R ) £7 78 W i i 38t 1% 40 fk (P < 0.05) ,
S b PR [ 9 35 % A AL R B SR A1
2.4 FRERIS AL LSR5 R DT S o pT

F LA 5 A7) b JHL o S 0 358 4 28 57 119 43 78 5 43T ( AMOV A ) 85 5% UL 3% 4 /) iy 3R 48 [ 1 st
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——— Hap6 ——— Hap6 —— Hap6
——— Hapll ——— Hapll ———— Hapl2
——— Hapl0 ——— Hapl0 —————— Hapll
[ — Hap9 [ — Hap9 0.6 Hap10
——— Hap8 ——— Hap8 ———— Hap9
L——— Hap7 L——— Hap7 ———— Hap8
L Hapl2 L Hapl2 L Hap7
a 63.2 Hap17 a Hap17 0.86 Hapl7
% Hap18 [ Hap18 [ Ha§18
———— Hapl3 ———— Hapl3 ———— Hapl3
632 |  Hapl9 690 | Hapl9 1.00 0.76 - Hapl9
I Hapl6 | I Hapl6 N I Hapl6
+———— Hapl5s ————— Hapl5 ———— Hapl5
L Hapl4 L Hapl4 L Hapl4
Hap5 Hap5 0.64 0.77 Hap3
100 — Hapl 100 Hapl ] L Hap4
L Hap2 Hap2 Hapl
— Hap3 — Hap3 Hap5
L Hap4 L Hap4 Hap2

praefica - androgea latifascia

androgea L latifascia androgea

latifascia praefica praefica

B 1 ET mtDNA Cyh BEEMBERFIIHNHERERELE SR
Fig. 1 Phylogenetic trees of Spodoptera exigua based on haplotype sequence variation of partial mtDNA Cytb sequences
A B KR 98 ( Maximum parsimony, MP) ; B e KAUSAH ( Maximum—likelihood, ML) ; C: DUI-3{i## ( Bayesian Inference, BI). MP/ML 43 #r
1 A ZERT I 5 BT AT (95 S0 MR A T R AEA Y 38 [ MP A% . —EMEZ40 (Consistent index, CI),0.862; {1 B 454X (Retention index, RI) ,
0.840 ; B 1E—ZMEFE 50 (Rescaled consistency, RC),0.725; # 4, 138; GTR+1 > ML il Bayesian 53 T i i LA B ] . Spodoptera androgea
(HQ177620) Spodoptera praefica (HQ177719) F1 Spodoptera latifascia (HQ177678) 1E MM,

Hap9
O
L]
L]
. O Hap?
Hapl1 o, 725 ° 0.0 P
*. 560 ‘ .
.
.
565 648 558 557

Hap12 ‘Ooouo-ooooooo-snuoo sesessssscssesseee O Hap10

556
. A 10 Hapl 571 40 O Hap2
o *. Hapl3 772 40
Haps O oent ()
733, 4" g0 77
L]
o’ 6 e 565...000010001...-01-[ap4
L]
e e oo ¢ O Hapls .. Hap3
797 . 4
L] . L]
796 oo : 240 ° 5 Hapl7 Hap5
..°. 798 ¢ 'o.
Hapl90. C:) 80 .o.
Hapl16 79 %
O Hap18

2 EF mtDNA Cytb EEFFIH 19 4~ 452K Median-joining P45 3 R B
Fig. 2 Median-joining network of 19 haplotypes of Spodoptera exigua based on mtDNA Cytb gene sequences
B PG R — AR RR | AR A5 RS Hapl—Hap19, A5 BELARSR — SR R (5 F) T AR A5 B0 R A< A IE LE

M (Fo ) 2R /N(Fg = 0.108, P < 0.001) , 89.18 %t fE 78 5 5 K AR AERDRE PN, I Fh R a] A 728 ALK
10.82 % , Ui TR [ A6 7 b X RHSE 0 Mk 0 73 A% 748 S F2 B0k 1 Tt o3, Rt () A0 38t A5 738 SR SR

% 3 ET Kimura 2-parameter iZ 5 BENMEBRAIN FE(T=/)MEEER(L=/)
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Table 3 Population pairwise Fy; values ( below diagonal) and genetic distance ( above diagonal) between the populations of Spodoptera exigua

ki
Po:flazion DAL FX HLD SY XINL HAD NAY XINX YANC BZ PENL TA ZQ LuC YC DL TJ

code

DAL 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.002 0.001 0.001 0.001 0.002 0.001 0.001 0.001
FX -0.003 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.002 0.001 0.001 0.001 0.002 0.001 0.001 0.001
HLD  0.097* 0.069 * 0.001 0.001 0.000 0.001 0.001 0.002 0.002 0.001 0.001 0.001 0.003 0.001 0.002 0.001
SY -0.040 -0.041 0.050 0.001 0.000 0.001 0.001 0.002 0.002 0.002 0.001 0.001 0.003 0.001 0.002 0.002
XINL  0.111 0.026 0.033 0.039 0.000 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.001
HAD 0.208* 0.144 0.053 0.122* 0.042 0.000 0.000 0.001 0.001 0.001 0.000 0.000 0.003 0.001 0.001 0.001
NAY 0.111 0.046 0.018 0.031 -0.030 0.000 0.000 0.001 0.002 0.001 0.000 0.001 0.003 0.001 0.001 0.001

XINX  0.111 0.026 0.033 0.039 -0.022 0.031 -0.038 0.001 0.001 0.001 0.000 0.001 0.003 0.001 0.001 0.001

YANC -0.027 -0.007 0.120* -0.035 0.037 0.200 " 0.117* 0.120" 0.002 0.002 0.002 0.001 0.003 0.002 0.002 0.002
BZ 0.023 0.001 0.150* -0.011 0.082 0.214* 0.135" 0.134* -0.011 0.002 0.002 0.002 0.002 0.002 0.002 0.002

PENL  -0.049 0.002 0.086 -0.032 -0.004 0.134* 0.082" 0.086" -0.019 0.028 0.001 0.001 0.003 0.001 0.002 0.002
TA  0.155" 0.119" 0.057* 0.086 0.013 0.028 -0.007 0.038 0.183 " 0.206" 0.129 " 0.001 0.003 0.001 0.001 0.001
7Q -0.026 0.005 0.044 -0.022 -0.059 0.091 0.028 0.030 0.028 0.079* -0.016 0.071 0.002 0.001 0.001 0.001
LUC  0.376" 0.332" 0.531" 0.286™ 0.497" 0.666" 0.558 " 0.565" 0.222* 0.153" 0.338" 0.017" 0.002 0.002 0.003
YC -0.059 -0.004 0.084* -0.039 -0.009 0.167 0.089 0.091 -0.038 0.029 -0.043 0.134* -0.029 0.377 " 0.002  0.001
DL 0.052 -0.010 -0.010 0.004 0.085 0.195" 0.119" 0.105* 0.014 0.014 0.055 0.194" 0.087 0.193* 0.055 0.002

TI  -0.029 0.019 0.019 -0.033 0.042 0.279 0.147 0.158 -0.028 0.017 -0.029 0.193* 0.024 0.311* -0.027 0.051
T AORZES WE (P<0. 05)  Inf {RETLGF K.

BRI T PP EA N SR WA 2, AN ZE R R I A s B AP G 1o 5 22 5% (P > 0.05) R R Z Kt
FRRRIE N B P S AL LA v PR T I AT S A D — A B AR AT 04T, S TP PRG3R 2 ( Tajima’'s
Dl Fu's FS) % R HE, kP 225 BE K, BLIFRIE 8 4 Fi SR e A S — > B AR R O 5 vh Mt Ak, T
Et,f&iﬂﬂ?ﬁﬁﬁ%&“%iééﬁ?ﬁlﬂﬁi‘f?{%$f¢ I3 81, 8 A0 A BN e 4 A A B A I 0 A BEAT e A
(K 3) RABTAR Cyeb BRI BN — 2% BN S8 B (E U — 1 WA L TG 7% e Rt 2, ok — 25488 1
TSR A — Rk 2 Dt ﬂ‘%’ﬂf?{%

R4 TRMEBMBHRABEBEETRNITFERS(AMOVA)
Table 4 AMOVA analysis of mtDNA Cytb sequences in seven populations of Spodoptera exigua

75 5 SRR ER:t]; 3 B2V A S Sy 5 55 L £l %
Source of variation d.f. Sum of squares Variance components Percentage of variation
ZH N FPEEN] Among populations 16 22.621 0.052Va 10.82

BN Within populations 287 123.242 0.428 Vb 89.18

A3t Total 303 145.863 0.480 100

[ 5 224X Fixation index Fg = 0.108, *** P<0.001,

3.1 miDNACyth FE[H 75148 7 584 Z Rk

IR 578 A B T S A IR S A7 50 ) ARS8 1 oA & FE AL AS [ ot B R B I
I Cytb FEDH 7 B 5t A% A48 S IF 0, T 302 1l DX =52 ¢ i ol B 5 00 o eIt A 22 280k, OF HL, FE I 2 1Y
Cytb B R BeSE R AUCA 22 AR SR A5, BSR4 SRR ) SF- Y4038t A5 BE B34k 0.001, 52 A —2m
B e R R Bt kT ik Arctia caja FIHTSORYE Lampides boeticus WA S T AR BS54 41 & {lK
SR s A% Z2 FEE R I TSR RN R T R 8 3k ™ S A R S0 B ALV , T RE 5 S e AE R AL Oy B
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AREIERIRE 5 P s, R AR R d 2 n i e 8 S A

0.6 |

S TSR RE (02, B2, B ELA AR 5 O 15 2 ?fzﬂ_;‘f% reons
BEFE T 55 VR X AR A 5 P T o4 e
B SOEHRRE NGRS (R e, BEO|\ 0 e T
32 A S RERE N £

TR (MP) R RIS (ML) 55 010
WS CBT) HIE A0 B PR 3R S 2 DA BOE T Median- O . . "
joining P HIEE 0 B (R IO0 24 e 8 125 A ] 7 5 s
S AL R4 3R T LA B LA 2 A
WL 2 R MP/ML R Gi W 1 J5 S A R A5 A%, 2Ry B3 A% 75 Tajima’s D # Fu's FS M 4401

e L m AN o Fig. 3 Mismatch distribution and the results of Tajima’'s D and
i/%ﬁk H ﬁj‘%%fjb Hj 2497 jz ’ 1E %Ep‘/fn =+ EP}JF {&ﬁﬁ Fu's FS tests with associated probability for all sampling localities

HECH E 534 T8 BV 5 e R, 2 A LR AH ELAA ZEAS i Chiima
7 1 M FE A o, S ) L 11 2R SR FRAE # . LUC FAREHRE A BN R AR
DL XINX ,TA .BZ YANC SY fll PENL FhEERTARA 1Y 10
ANPIAT BAAE Y A 45 AP R AE — E SR AR A [ s | o AT — @ FR R A% o0k, (A5 B2 e A
WE By 19 D ERAE A BAEHY Hap6 J2 25 M R A 3t o LS i S f A, 38 ook s s AL I T I W] Y
ML JE—Fhi I Aa s | BENEIE N PR BE B A B R T
3.3 LS SiEtE ik

HE AT R YRR ) A P R e AN TR b X (R LA B/ NG A . FEARIF ST v, R 43 b B B ) 7%
A W E AL b, A BT AR S A S T AR I TR A R B SR RN T
PEAEZS S5 AR TE 7 AR 285 S | ISR FH i B B T Tl KAAAH ), D) 238 B A% 43 A DX P AR AR A 3t A% L X LU 1
BERME ) AT, h T LKA RRES, a0 AT L L bk 5 B ES TT RE S R T LUC FRE S HE s B
FREAAAE 035 st G o0k . FRIE 8 44 RIS 10 Ml by FHL I AR 1] 1Y) 382 1% Z0 AL 4R R Fo T 0.108, JEPIR NV, 4 4,130,
2N, >4 B PR D AS R A R, A A AR T /N R LT FE U T S R A5 R B [ 3 R 52
TIRSY, W2 T Mo BRFRE R AL o0k . ASFHE— R R EE L N RIS ROR 1) 2R Ge i AL o 441t T 40 F /KSR
i, iz BB B R ISR A 1 o3 AR 2 Oy T AR BORL
3.4 FhEEBE LA SRR D R AT

BER AL S5 R R 4R 5 AG 28 SAEA al A b B —FhAEBEAIL S0 A1, X Fh AR BEAIL S A1 2 f AN ] ik 72 2 (W] 4
PR AR PR A DT s oA XA AR BERRE REIARR RS AR SR IEAY EKE ARG RS R
Lol IR TR R IR A 4 A B TR TR AT I B A A 2 (5 T G T PR A
R AN, BHUA YRR T b PR B A BT e AT Bh (AN R GZ S ) B RS i 4 b i R RS A
A AT ] HAEE A L R A A A LA B B T AR B SR P R A A g AR S B
H R KSR A 2R > AR b B T 3R G B R Rk e W G A S 25 MR R Bk B R
TS A A5 B A RS WA R SRR B A TG AN, R BIPRS00 B R 7 A B A
P33R FE b T3 AN [F] b SR () TSR i SR 0 A s/ st AL oA

FEARMEGEH , Tajima’s D Fl Fu's FS W SEACARIN DL B 57 555340 2 AT St 58 B g e Fh g o s, i 38 i R
AT PG 55 2 B0 B L B T AT i S 300 ) P A1 e W R S R e i 91 A A S RV B . S3 A R
FEE R B B R R 26 Rl A A SRR 5K BOIEHE  EASHIF T, BALAE AR o 2% [ 52 BLIR A0 A R AL, 43 A 4% Ry 26 W it
SEROIRREAR T 25 f TSR0 28y ik Rl 5K
3.5 FRPHAFRRSARTE

BT, SRR Z 0 TRESR T/ X, BT iRfp 3 U™ & e F v, A OB T HY JO S
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A AT, DRI, AT AR LA T A 5 i, SR B — LAt el L DR T B R 7 X
PUEGPERY A B HUE Y IRBE 5 K HE L2 L Tl b Ak [ AR RR I 25 SR et R LA, —
B 4 DX A8 2R — 2 SR 2 A B VA TSR0, 20 SR B T TP EE BTG E Y I AR A S DX
SRS T RO BN R BRI RN IE, U i A BT IR AE TR TR,
G AN [ B BR AR [ 720 9 38 PR JRE AT AR S L2 P ) DR B, [N, P S50 PR it e B ) ) 1
R AR R, ZERE R Ta] A i) )RUBE V8 A5 RSB0k BT 250, 405 A B b 36 R 55 8 S5 4 2007 K
BT T SRR AT K 5 P25 280, fe 298 A 25500 O BRAS R 4, TSR A MRS Tl B Ao 1)
RS /N R BEAR , UL SR IR 0L, ZEREA T A~ B IR e e sl St FH -5 e Dt e AR R] B0 245700 26 28, LA
WG A G PR A BT IR ROR 5 X8 A% 2R 1L 2 6 0 Ml DX, 38 5 A A B SR g ik H A 050 v 3 17 5 72 A 1 E
T3, Biif OB IR, 5 R RS i 24 , FAR T b T2

BEAh AR TSR, il B R miDNA 5% R4 miDNA (BE R E], LUK A ZR B U 5 kS B4 A [a] A
R RGE mDNA [7) % A2 36 P8 2007 3506k DL mtDNA ™A% B 58 33 4% o Sl 1) 1/ 22 1oy 40088k 2 o 25
mt> o gihn FERFA L S RS & BRI, mtDNA H AL AT RERZ I G TR AR MBI HES ) 5
LRI, mtDNA FE 20 08 22 J 0 R e 4 B 06 22 K @1 43 I A v 01 DRI, S T B L 1 LA IS A
AR AL D s R R R 352 % 25 A, A b A0 I S 2 ) 2R P A7), B R PR A AR B T, R T
RAFIST
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