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Genetic differentiation among populations of
the migratory insect Spodoptera exigua
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(Shanghai Key Laboratory of Protected Horticultural Technology, Institute of Eco-Environmentand Plant Protection,

Shanghai Academy of Agricultural Sciences, Shanghai 201403, China)

Abstract [Objectives] To investigate genetic variation among different populations of the beet armyworm, Spodoptera
exigua, in China. [Methods] The genetic diversity, genetic differentiation, and molecular variance of 154 individual S.
exigua from 15 populations were analyzed using DnaSP 5.0, Arlequin 3.5.1.2 based on variation in 547 bp segments of the
mitochondrial cytochrome coxidase subunit [ (CO I) gene. Phylogenetic trees of CO I haplotypes were constructed from
the resultant data. [Results] A total of 5 haplotypes were identified; haplotype No.l (H1) was shared by all populations. A
low level of genetic diversity ( Hi=0.172+0.041, P=0.000 77+0.000 2 ) in the total population was detected and genetic
differentiation (Fsr=0.3182) and a high level of gene flow (N, =1.0713) was apparent among different populations. The results
of a Neutral test (Tajima’s D=-1.278, P>0.10, Fu’s F=-1.660, P> 0.10) were not significant, indicating that there is no
evidence of recent population expansion. An analysis of molecular variance (AMOVA) found no obvious genetic
differentiation among populations with a high proportion of the total genetic variance attributable to variation within
populations (68.18%). A phylogenetic tree based on haplotypes of the different geographic populations indicates no obvious

geographical structure in different clades. [Conclusion] Genetic diversity among different populations of S. exigua is low,
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and there is no significant linear correlation between geographic distance and genetic differentiation. Gene flow between

different populations is therefore not affected by geographic distance. These data suggest that a combination of different

factors, such as geographic distance, temperature, and physiological behavior, in addition to genetic factors, could play an

important role in forming variation within and between S. exigua populations.

Key words Spodoptera exigua; mtDNA CO [ ; genetic diversity; genetic differentiation

HHSR 7% 1 Spodoptera exigua (Hiibner) )i fii i3
H R, N E LR RRIEEY . Ik bl 5 5t
RedE A, FSRROR AR TR [ Y A 5 e ek
WE, EECHEK 20 204, HhDIHES
TR G R A R, O U™ E AT I
5 o DXFh L A R B R 1) R e AR TR RE Y
Hi 3R A A S, SRR AL
(Burris etal., 1994; Adamczyk etal., 2003 ),
H T R e RS PR AL RO A 245 btk oy PRk
AR R B 76 2 AR & R XERY ( Adamezyk et al.,
2003; Cheetal., 2013 ),

GG T AT N TR 2R
VI ords . MR s M AR LB XA (Moritz
and Hillis, 1996) . ZhifAEEHF L (mtDNA) ™
F PR R, TP AR AEBEEA, ik
WARHE P FAP ] A5 28 5% . DNA FRicd A
A T FE 22 A MR TR A A 2 DN AR 2z ) Bk DG
Wy R R PN AR R 2 R s R 2 RE MR R T
H. (Behura, 2006 ), ZekifAR 40 i (o 2 A LB
1 (mtCO 1) BHEmTyIsEfbicth, A%
M AAIX S, AT TR AR . R K RSk
B ML 5E( Collet et al. , 2006; Norgate et al.,
2009; #EILSE, 2009; WTEE, 20105 KEW
8, 20125 EXLBMVFER, 2014), EAFH
I3 FHRICHT T TR M5t % 45 F4 i AH DG A 18 ( 5K
i, 2005; A4-RUHAE, 2006 ). T4 E K
(2014 ) FIf] mt DNA CO I ZERFEHIVE K41
FRICHIFFE T3 E 19 /M8 20 1 B SRRk i i 4%
IS IER o AT B 5T 25 S R BRI () 5t A%
AN, BRI AT R . AR S R s T
ISR e 45 P R[] 174 35 D] 22 3 A A2 b FLBL B 5
AIFENR . EXOE AR (2016 ) FIH] mt DNA
Cytb FEFFFIME R/ FHricWFo T3 E L7 Hb
X 84 17 B (1) MYRERARAP I 1s 15 24
P o G5 SRR BRI 5L AR Bas 1% o

P/ o AERAUATT I HE A Tl 5 s DX ) S 73
AR EAT I SC R, B OTFE S e E A Bl
B L S RO

BT, AW ERR A R C Al
B 1 (COT ) FEPEN 7 FARiCHt 5 IE AR
HuIX K 4 ANHIFE H X B RSB AP ) 5% 2
REIE R 3g e ke, DT by JHG DX I o 42 )2
WA

1 MRERFZE
1.1 FHEERERIR

A ST T R LA 15 AN FRREREAS,
Ak AR EAL R O, g . EiEEA
FUIR)TN L MR SRR . VTR | AL
TS . sMEEW . RE. TAREE . MR
W, BEEdt. IR, BELE (£1),
SRAEM BN SR A PR, 2009 4F 6 H-2010 4F
10 it M1 B RS AR R AL TR0 i I ik
VO SRR AR b IX 2 Bf (], B3> s B AP R 4E 50-100
H A TOK S, & - 20  UKERATE, T3

1.2 EE4 DNA RYIREL

S H BT FH ) DNA RS Ry B3k 327 % 1Y)
FLHZH DNA, 55 5 BRI IE 5% (2009 ),
PREUAY FE R 2 DNA I FH B i B 6 e mi, ARG

-20  REFEHL

1.3 FHIERIEE mt DNACO EE PCR ¥

PG 2, =YKk 600 bp
Aidi, PCR YISO AR R SRR 30 uL, Hrb
10 x PCR buffer 3 uL, DNA 3 pL, dNTPs 2 puL
(2.5 mmol-L "), B1# LCO1490 1 pL (10 pmol-L ™),
714 HCO2198 1 uL (10 pmol-L "), Taq fiff 0.6 pL
(2.5 U/uL), ddH,0 19.4 pL, S F2FA0F < 94
5 min; 94 1 min, 72

1 min, 55 1 min,
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I 30 DMEH; 72

FE{H 10 min, P18 R
2720 % PCR ¢844 4T, 973631519 PCR 7~

PILL 2.0%BUIEHEEEIC LUK 78S L Gelview B0 )5
1E biorad EEE MG R G LA, 10RER

F1 MHHERHMERECRNNFHE
Table 1 Data of the collection of Spodoptera exigua involved in this study
it . N - . RE BRE
Ponlat o WRHCR R G (N) () oo St BS
opulations ; . ) BfE]  Accession
Code  Numbers Location Latitude/longtitude Haplotypes .
Time number
e Jb 5T Beijing BJ 12 4 1 Nankou 39.55°/116.24° H1 2009.8
Chi - . -
M EgE Fujian FJ 12 #&M Fuzhou 26.08°/119.3°  HI,H2  2009.6
R GZ 10 M 23.16°/113.23° Hl1 2009.6
Guangdong Guangzhou
¥ F Hainan HK 12 %17 Haikou 20.02°/110.35° H1 2009.6
R Henan  ZZ BN 34.76°/113.65°  HI,H3  2009.9
Zhengzhou
M Jiangsu HA 10 #E4 Huaian 33.5°/119.15° H1 2009.8
J;T ) HLD 6 ks 40.45°/120.51° H1 2009.9
Liaoning Huludao
VLY Jiangxi NC 10 P4 & Nanchang 28.68°/115.89° H1 2009.8
J_ﬁ I\ : o o
. SH 12 4111 Jinshan 31.22°/121.48 H1 2009.7
Shanghai
PaJif Sichuan  YB 10 HE Yibin 29.77°/104.56° H1 2009.6
575 Taiwan TB 4 b Taibei 25.03°/121.30° H1 2009.9
K3t Tianjin TJ 12 Kt Tianjin 39.13°/117.2° H1 2009.8
511t Hubei WH 12 #7X Wuhan 30.52°/114.31° H1 2009.8
BEPE Shanxin XA 12 P4 Xi’an 34.27°/108.95° HI1, H3, H4 2009.8
ZF Yunnan KM 8 E.#H Kunming 25.04°/102.73° H1,H5 2009.4
2 [E America Floridal H3 HM756077
2 [E America Florida2 H4 HM756078
&= America Florida3 H2 HM756079
ZEE America Florida4 H5 HM756080
FOHEF Spain Spain H3 FN908024
#% [ Thailand Thailand H1 FN908004
JINEE K Canada Canada H2 GU094753
# 2 mtDNA EE R #E54
Table 2 Primers amplifying mt DNA gene fragment
FEH Gene 5| Y FR Primer 5|¥) 751 Sequence of primer JEf# IR E Melting temperature ()
LCO1490 GGTCAACAAATCATAAAGATATTGG
mtDNA CO | 55
HCO2198 TAAACTTCAGGGTGACCAAAAAATCA

23 A DNA BERE ISR & AT [, [T
PR AE T A TRE (i ) A R R AT XL fm]
?}[“JJ_‘?—:O

1.4 PCR ¥ 1 7= ¥ i £ 4 (=] 45T %2 30 Fr
PCR ¥ 34 B A5 r= 4 A1 F R AR AR AL B A BR
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1.5 BEHH

K FHAF Vector NTI 1.0 X} 154 4 CO - ¥4
P A AT X, R MEGAS.2 ( Tamura
etal., 2011) THRAFHNIMTREEL L . A8 T 0705
8] 295 B A | A0 R HG A6 () BU AR A 2R ]
AL, H Kimura2-Parameter FE7IRE SR
T AS [R) BB 8] ) 382 A% B Y . %K F DnaSP 5.0

( Librado and Rozas, 2009 ) kS iHH=E% K
ANFEFPEE R AE AR E . R | SR
B (Hq)  FPEERBEAL S EFE 5L For F Gsr 55, IF
AT ARG ES: (Tajima, 1989 ) o IR (Ny ) 31
BN Fgr=1/(142Ny,) ( Takahata and Palumbi,
1985; Goldberg and Ruvolo, 1997 ) . &=k ik
AN TR Fob T b o5 22 0] %) b B B B Pl 2 6 T BT
5. FIH Kimura2-Paramter £ 8 f143 07 (NJT)
R G K EW (Felsenstein, 1985) . MREL
FEAR FETH AN IR R R A B 2, IR A
IRXFTEL . FIFHE A TFPGA X H SR X5 A (& i
21T Mantel £555 . FIH Arlequin 3.5.1.2 {4
F1 Pairwise difference F AT 55FhEE ] i) /1L +
¥ (Fsr) A5y 77 225341 ( AMOVA ) ( Excoffier
etal., 2005) .

2 GR59H
2.1 HHREHEARFE mtCO RIS

X RS IEAS AP REEAT me CO - 974,
FERAR 15 ANFPRERY 154 4 CO BLOFF, Hgk
5 5 AR, 22 Clustal-X BXHC)S , 58]0 CO

W R BOF S BN 547bp (3£ 3), TERMS
) mt CO  JE[A 547 bp B Be 47 541 MESF
i A 6 DA A ( Variable sites) 3 H 4
Tl iy 2915 B 7 25 ( Parsimony informative
sites ), JoH#IEAYIH ARG . FIH MEGAS.2
S CO LRI AL A31.1%, T39.1%, C
15.5%, G 143%, A+T &k 70.2%, B
A/T IR . 287 154 % mt CO R i
R, P I S S 100%, P A 5 G
ZIE MY 16.67%, C 5 T ZIEMHESR L
83.33%.

3 FRREAEEREER CO ERTR
Table 3 Variation sites in CO
of Spodoptera exigua

haplotypes

LA AR S35, Variable sites
Haplotypes 284 395 443 459 506 545
H1 C T T T C A
H2 T C
H3 C T
H4 C
H5 C C C G

22 BEFE, EESHEMRSERE SN

2.2.1 EBER 7E 154 KEISEROK CO T ¥
Fijrpr, LA 5 ASFRAERL HI-HS (JERGRS
5 KX533912-KX533916) (£ 4 ), GHEEAIRA
R A B A B AN S5, 0 XA FPEEA 3 4
HMERL, AE S ANAERL ) HT A SRR AR
BI HI 78 15 /NSRS R RDEE &8 A7 5
H3 434 T 2Z F1 XA Fifgd, H2. H4 f1 HS
HA AR, A3 FZ. XA FI KM R T
A

222 EHEREARMEIEESHEEMP S
WM 15 DSOS R A S B A
FERE (Hg) M 0.172£0.041, BHREZHEE (P)
4 0.000 77 +0.00 02, ZRV-HERE (K) N
0.420 3 (3R 4). A[EIFRHEE R BAAS T 20 B 7E
0-0.667 Z [0, HITIRZAETE 0-0.004 18 Z[H],
Hrp g FEEa 11 AR ITAE S5 R 0,
f14% BJ. GZ. HK, HA. HLD, NC, SH. YB,
TB.TJ .WH. XA b X 1 A5 R 2 Hy = 0.667
+0.091 Jy&iEr, KM 1 Pi=0.004 18 +0.000 69,
K=2.286 {Ef . Tajima’s D il Fu’s Fy K2
RN, mrEEUINFAEE (KM) RBLEE, M
oAt b P X3 ) R B A 3, U H BT AR Y
15 AKX b, A 2 R B B A AR I AR
B s AR R A T HUE SR Fh
£ Tajima’s D= —1.278, P>0.10, Fu’s F,=
-1.660, P>0.10 255K W3, ULHATR EHE
TR MR T B A 5 30T 19 7 S e 300 o 422 1 W e ) R
¥k,
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R4 MERHEARMBEREESH . BESHEMERRPHRE
Table 4 Distribution of haplotypes, genetic diversity indexes and neutral test
among different populations of Spodoptera exigua

ST R ¥ ST JF e Nid A X B A A |=5=d 'T"ri*ﬁ%&ﬁ%‘ﬁ*ﬁ%
FIELACED R AR RAMAE BATRIZAEE BIFREAE BRI ERE

Fopuations Nmberof \(TUNTE OO TR e e
individuals (h) (Hs£SD) (P+SD) differences (K) Tajima’s D Fu’s F,
BJ 1 H1(12) 0 0 0 - -
FZ 2 H1(10), H2(2) 0.303+0.147 0.001 11+0.000 54 0.606 -0.248 1.384
GZ 1 HI1(10) 0 0 0 - -
HK 1 HI(12) 0 0 0 - -
77 2 H1(10), H3(2) 0.303+0.147 0.001 11+0.000 54 0.606 -0.248 1.384
HA 1 H1(10) 0 0 0 - -
HLD 1 H1(6) 0 0 0 - -
NC 1 H1(10) 0 0 0 - -
SH 1 HI(12) 0 0 0 - -
YB 1 HI1(10) 0 0 0 - -
TB 1 H1(4) 0 0 0 - -
TJ 1 HI(11) 0 0 0 - -
WH 1 H1(12) 0 0 0 - -
XA 3 H1(6), H3(4), H4(2) 0.667+£0.091 0.001 88+0.000 25 1.303 1.624 0.747
KM 2 H1(4), H5(4) 0.571+0.094 0.004 18+0.000 69 2.286 2.101* 3.933
&t 5 H1(140), H2(2),  0.172+0.041 0.000 77+0.000 2 0.420 3 -1.278 - 1.660

H3(6), H4(2), H5(4)

*FonzE R B3 (P<0.50 ), * indicates significant difference ( P<0.50) .

iz ] Kimura2-Parameter X} 154 26 CO I A

2.3 NE =20 E H 37
{1547 bp YT R 2 i HREET IR RS LSRR

B, AN[E) B 760 22 ] 3345 6 25 >h 0.001 8-0.007 4,
S RAEIEES K 0.004 4 (£ 5),

RS FHFRTEH CO EREATEREREMEEES
Table 5 Genetic distance of different haplotypes of
CO gene of Spodoptera exigua

H1 H2 H3 H4 H5

H1

H2 0.0037

H3 0.0037 0.0037

H4 0.0018 0.0018 0.0018

H5 0.0074 0.0074 0.0074 0.0055

HI1-H5 SRR 5 B
H1-HS5 refer to the five haplotypes of S. exigua.

4% DNAsp 5.0 IR REN (&
6 ), H RN R FhRE ] ) [ REL Fer 7
0-0.428 6 Z[a], SEHIE A 0.115 6; LML REL
( Gst TE 0.004 2-1.000 0 Z [1] , F-H4{E K 0.587 6,
15 DAS[RIFHE SR Fsr o 0.318 2, EIEPIR Ny
S 1.071 3, FREN] 3L R BUE R 4 5.001
(% 7), FZ 1 ZZ FhRERy R e s 59.741,
VLIRSS AR R =, (BEBR T XA KM
M FZ M EZ RGBS, XA, KM 5
A4S FRRE R SR A AR /N T 1, R A
B,
FFH MEGA 5.2 B4 Kimura2-Paramter A5
I AS Rl BERDEEAY CO T 2T A e a] 1)
W E, WK 8 FTLIE H, FHERUIRAS R Fh
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*6 MEBEARMEENEEZSUER Fe (T=A) 5EFSURB G (E=A)
Table 6 Population pairwise Fgp values (below diagonal) and pairwise Ggt (above the diaognal)
values among different populations of Spodoptera exigua

BJ Fz Gz HK V4 HA HLD NC SH YB TB TJ WH XA KM

BJ 00476 1 1 00476 1 1 1 1 1 1 1 1 0200003113
FZ 0.0909 0.043 8 0.047 6 0.004 2 0.043 8 0.038 7 0.043 8 0.047 6 0.043 8 0.043 8 0.0457 0.047 6 0.0922 0.147 5
GZ 0 0.099 1 00438 1 1 1 1 1 1 1 1 0.18540.2945
HK 0 0.099 0 00476 1 1 1 1 1 1 1 1 0200003113
ZZ 0.0909 0.008 3 0.0909 0.090 9 0.043 8 0.038 7 0.043 8 0.047 6 0.043 8 0.043 8 0.0457 0.047 6 0.0424 0.147 5
HA 0 0.099 0 0 0.0909 1 1 1 1 1 1 1 0.1854 02945
HLD 0 0099 0 0 0.099 0 1 1 1 1 1 1 0.1479 02441
NC 0 0.099 0 0 0.099 0 0 1 1 1 1 1 0.1854 0.294 5
SH 0 0.099 0 0 0.099 0 0 0 1 1 1 1 0200003113
YB 0 0.099 0 0 0.099 0 0 0 0 1 1 1 0.1854 02945
TB 0 0099 0 0 0.099 0 0 0 0 0 1 1 0.1273 0.206 6
T] 0 0.099 0 0 0.099 0 0 0 0 0 0 1 0.1930 0.303 4
WH 0 009%9 0 0 0.099 0 0 0 0 0 0 0 0.2000 0.311 3
XA 0.3818 0.181 8 0.381 8 0.381 8 0.079 6 0.381 8 0.381 8 0.381 8 0.381 8 0.381 8 0.381 8 0.381 8 0.381 8 0.092 3

KM 0.428 6 0.3327 0.428 6 0.428 6 0.3327 0.428 6 0.428 6 0.428 6 0.428 6 0.428 6 0.428 6 0.428 6 0.428 6 0.289 4

RS2 1, N ER[E . Population code is the same as table 1. The same below.

F 7 EHERHEAEFEENERER Ny
Table 7 Gene flow (N,,) between different populations Spodoptera exigua

BJ Fz GZ HK V4 HA HLD NC SH YB B TJ WH XA KM

BJ

FZ 5.001

GZ Inf  5.001

HK Inf 5.001 Inf

ZZ 5.001 59.741 5.001 5.001

HA Inf 5.001 Inf Inf 5.001

HLD Inf 5.001 Inf Inf 5.001 Inf

NC Inf 5.001 Inf Inf 5.001 Inf Inf

SH Inf  5.001 Inf Inf 5.001 Inf Inf Inf

YB Inf  5.001 Inf Inf 5.001 Inf Inf Inf Inf

TB Inf  5.001 Inf Inf 5.001 Inf Inf Inf Inf Inf

TJ Inf  5.001 Inf Inf 5.001 Inf Inf Inf Inf Inf Inf

WH Inf 5.001 Inf Inf 5.001 Inf Inf Inf Inf Inf Inf Inf

XA 0.809 2.250 0.809 0.809 5.781 0.809 0.809 0.809 0.809 0.809 0.809 0.809 0.809
KM 0.667 1.003 0.667 0.667 1.003 0.667 0.667 0.667 0.667 0.667 0.667 0.667 0.667 1.228

Inf:  JEFRK Infinite.
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x8 MERWARMEENELES (T=/A) SHEESHNBEATKE K, (E=/)
Table 8 The natural logarithm of geographical distance (K,,) (above the diagonal) and pairwise
genetic distance (below the diagonal) among different populations of Spodoptera exigua

BJ FZ GZ HK 77 HA HLD NC SH YB TB T] WH XA KM
BJ 7.3310 7.5210 7.717 0 6.364 0 6.582 0 5.822 0 7.099 0 6.949 0 7.329 0 7.429 0 4.553 0 6.928 0 6.774 0 7.626 0
FZ 0.000 6 6.5440 7.0370 7.0100 6.7170 7.380 0 6.096 0 6.414 0 7.3170 5.4480 7.290 0 6.544 0 7.2070 7.4190
GZ 0 0.0006 6.1300 7.1640 7.161 0 7.622 0 6.507 0 7.100 0 7.034 0 6.740 0 7.5050 6.7170 7.174 0 6.991 0
HK 0 0.0006 0 74220 7.4590 7.8120 7.0170 74220 7.1170 7.136 0 7.708 0 7.1190 7.373 0 6.869 0

ZZ 0.0006 0.001 1 0.000 6 0.000 6

HA 0 0.0006 0 0 0.0006
HLD 0 0.0006 0 0 0.0006 O
NC 0 0.0006 0 0 0.0006 O 0
SH 0 0.0006 0 0 0.0006 O 0
YB 0 0.0006 0 0 0.0006 O 0
TB 0 0.0006 0 0 0.0006 O 0
TJ 0 0.0006 0 0 0.0006 O 0
WH 0 00006 O 0 00006 O 0

XA 0.0015 0.001 8 0.0015 0.00150.00160.00150.00150.0015 0.0015 0.0015 0.0015 0.0015 0.0015

6.2650 6.7750 6.564 0 6.722 0 6.9270 7.178 0 6.363 0 6.1650 6.074 0 7.3190
6.6630 6.4300 5.8150 7.2740 6.873 0 6.478 0 6.3360 6.8520 7.522 0
72270 6.9380 7.5350 7.4490 5.7650 7.1220 7.116 0 7.775 0

6.4110 7.0090 6.5120 7.064 0 5.544 0 6.809 0 7.221 0
0 7.396 0 6.536 0 6.870 0 6.5360 7.107 0 7.5820
7.458 0 7.3500 6.848 0 6.477 0 6.3220
0 0 0 7.3880 6.8250 7.361 0 7.5340
0 0 0 0 6.9020 6.8170 7.6370
0 0 0 0 0 6.4830 7.164 0

7.0820

KM 0.003 7 0.004 0 0.0037 0.003 7 0.004 0 0.003 7 0.003 7 0.003 7 0.003 7 0.0037 0.0037 0.0037 0.0037 0.004 3

N [ole]

— i
n Beees
n

HbFEFE BT Geographical distance (K,)
S

O 1 1 1
0 0.2 0.4 0.6 0.8
AEFEE Genetic distance
Bl1 EHREREAE#E mt DNA CO FHIaiEeE
BB 5B R S B A A AR K M S AR
Fig.1 Correlation analysis between the natural
logarithm of geographical distance (K,,) and
the pairwise genetic distances from mt DNA
CO sequences of different geograpgic
populations of Spodoptera exigua

[ AR I B 25 S AN K, 7E 0-0.004 3 Z[H],
YIE -~ 0.000 8, Eﬁﬁﬁomm(%s)
JH TFPGA #4447 Mantel AHICHER S, 46

DU S8 M A (] o 1 1] 35 % B 5 5 e 3 B2 3 1Y)
FHOCPE . S5 RFW], TR A [RI R (] 35t A HE
R M B B > e A R A G (R =
Qﬂm9,P>005)(EHJO A ESES T DR

HIEAL AT — 8 B sl P 22 57, S PR B 8 %o
FE SRR M ) 35 A% 43 AL T AT 18 35 )5 ]

15 AR R AR AMOVA 73742
ST, S5 (£ 9) R, RN AL 1L
FREE Fsr iy 0.318 2, BRI O HA B IR 1Y 5t
o k. 15 DRRIFIRERI AL 28 5 H 43300
31.82%, FPEFNMEBHE S R AN 68.18%;

PR DA P 18 A 2 5 1 0 AR o A ) e gt 2 7
FE A ULHTRISRAIR 15 MY 5 1L 78 57

SR A TR AR o 25U
SRR TP A ) 4 332 2 0 P o TR 22 5 T
(8, DRITTSEA T B S 14 i PR = o A

24 BEBRRGRESH

iz MEGAS.2 B4, 31 A Kimura 2-Parameter
FEARILR 70 ( Neighbor joining, NI ), PLifEK#H
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*9 HHERBARMEE CO

B FERHFESHT (AMOVA)

Table 9 Analysis of molecular variance (AMOVA) among different population of Spodoptera exigua

75 S kYR FI 2 F-J5 5 224 5% A T Fsr
Source of variation df. Sum of squares Variance components  Percentage of variation ~ Fixation Index
FhEEE] 14 11.823 0.068 3Va 31.82 0.318 2
Among populations
FREEN 139 20.333 0.146 3Vb 68.18
Within populations
AR5 Total 153 32.156 0.214 6

Va, Vb: FEH5r%E, Va, Vb: Number of variance components.

Florida2
Canada
Florida3
H2

Florida4
Floridal
Spain

H1

Thailand

H3
H4
H5

0.010

Spodoptera littoralis

2 4B#% (Neighbor-joining, NJ) #EEMEAMAEME CO BEDERGR
Fig.2 Neighbor-joining phylogenetic tree of haplotypes of different populations

of Spodoptera exigua based on CO

W gk Spodoptera littoralis ( GenBank & 3¢5 .
FN908019 ) R4MES 5 A58 K 6 A~ E S Fh
THERGEREW, 458K, 5 AHRERA 6
A ESMIERTE— ' 5HME T . Hoh H2 H
B 5 RN Spain AL 3R Canada . 32 [E Y
Floridal . Florida2. Florida3. Floridad & h—
%; HI1, H3, H4 5WY1Y Thailand 24—,
. B S i VB e b AT Y R — S ) b
IR
3 Wig

TEABTE T, AT R A 15 DEEEAE R
BE (R 1) 1 154 DMREEFT T 2okifk CO T 2k
AT, DMGTHs A8 ik o ZE3R13 19 5 S

gene sequence

BRI BR Tt tm M FZ ., BEPG P XA =~ R
KM, TEGHSIN ZZ A1, oAl 11 ASFRRE A RLER
J H1. HAEED H1 2R RE I L= i s
Xof A S R 18 3 17 P 5 A B i, R SRR
I A B R RS AR AE D AR S B B T B P VY &
XA AR B 2Rk

Fo M{EFRBHAB L LR,
RS B 1) st Z R 22 B0 R HLl,
G Wright (1977 ), Fy BUEART 0.05 F IR
504k, 0.05 F1 0.15 Z 8] AYMHE s rh EEAr Mk,
0.15 f1 0.25 Rk, & T 0.25 BEERIE
W R ARFFEH Fooh 0.318 2, BEBAHK
A% 2R A

AMOVA  PEAf Fft FH 45 #4) F0 8 52 TR [R] 431
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FEAEAITER) A& % (Grassietal., 2004 ),
ASBIFSE BRI P 5 15728 S LU RPRE IR BE v
LR AR HAD R A5 h A BHIESE ( Sluss
and Graham, 1979 ; Timm et al., 2006 ; Mozaffarian
et al., 2008; Golikhajeh et al., 2018 ), HFHr
ARSIV BRI MOR, T LA BER & HoR
H H2F A, P22l et T A BRI
o BEL Lk AR [va) e PRI 3 AT AT A S Ay 3t 2
B AT, FiRE 22 S U T BE Hy T Ml 2 R A B
( Mayr and Ashlock, 1991 )., B #ff 5% % B
( Golikhajeh et al., 2016a, 2016b), HTHHY .
IRTE 5 A1 R by B Y58 119 22 S AT LA S Wil SR A
FREERG R . BRI EBOANE L E %% . Bale %
(2002 ) 5% IR EE AT LASE e B i A 3% 5
FRHERERE | RN, 2 AT & 7% B2 R,
PO
N 8 iR, TB-TI b IX 2 i) (s 14 B
I X A-KM i DX 22 1] B i 3847 B 0 26 1) b B
A X Z A AL R 1) 32K 3K . 7E Mantel
DURCr b PHLEE 2 R BT 35 A% IR B T 2 2[R
FASCHE, RUITERBOR AR R A 2257
CA WIS Mantel K30 HIEZRE AT 045 2R R
BN | RIS SRR 14 35 12 R b P 2 2 [
B AHICNE , FR LI 9 3 BR8] AT i B
31k ( Wei et al., 2015; Golikhajeh et al., 2018 ),
Arunkumar % (2012 ) i#id Mantel £ 56 % FLEE
A UEE A RE 2 BHAS [ TR 19 B 20 A 119 3 4% s
[F] B 8 2 [ A AR DGR o
TR 1 v J32 7 S FAE % A A R W e X Bl i
TG TN, AR Z A HOMEAL g -
VFZ GRS HAT 2 35 1 SR 5E i 52
P BRI AP (Jiang et al.,
1999, 2000, 2002, 2010; Che et al., 2013 ),
FHAF R M IHA P T E S 098 7
AT 5T DA FE S A A [] [ A8 A R L
BRI PSR G R T, S5 R U PR
VA FEH PR B N — g B I SRy o AR 2 F
FERVEE . AN 7] 3l DR AR A RIS B I 1) 52 14 B
B Hh BB B 0520 . ARFSY Mantel AHC
PRI AT A SRR, TSR I 25 M A 18] 1) 52 14
95 PR B 22 [A] T B S AR G, TR I AT 5

IR BRI 2 ASFPEE TW (595 FREERT LN
(ILT) PPz s (Al H2 B A 5 R Y
Spain F1dL €AY Canada. 3¢ [E A Floridal |
Florida2 . Florida3. Floridad ¥ Ah—3Z, UiBAHH
SRR 5 b L A ) ) 35 DR 52 A A7 B
FEEG A5

TR AR T SR TR [ A L X A T Y
PRI I T e 1A 7% e 38 HC At DX Sl A rh A2 7E 19 352
fEZ2REME . T A LA DX R T BORE T A, DAl
T A b7 i L SR 08 G P o A 435 A 35 A% 7
SEHABANTY o Ak, AT DA E S ARl ok
WFSEFSE R st A% 26, AT AT 2T Y 1 fi
Tl SRR M o AR 35t A% 235 4 L SR P R ) Z2 A
B DL

BOGH TR AR BE B R AE ST TP 5K ACEEAIT
RN Bl A A B B e U ST B A e Ul ST N
A R A VAR R | P UL R A7 20
R IR AR BEAE DR UT RS T R 5 B3 R
A AR BEAR DR BT 5 IR RIS 51 | 1L T A0l
FreeBe PRI BT E K, IR R
HEERFO A | DR B A SR PR A A 2
X FHE i 24 A SRR R ARG P 40 T YT B
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