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Abstract [Objectives] To investigate the genetic diversity and population genetic structure of the beet armyworm,
Spodoptera exigua (Lepidoptera: Noctuidae), an important polyphagous pest in China, that causes serious economic losses in
Liaoning province, Northeast China and other crop-producing areas. [Methods] The genetic variation, genetic differentiation,
gene flow and population genetic structure of 160 S. exigua specimens from 6 geographic populations in Liaoning province

were investigated by analyzing the genetic variation among nine microsatellite (SSR) loci with GeneAlex 6.51, GENEPOP
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4.0.1 and STRUCTURE 2.3.4. [Results] Populations had a high overall level of genetic diversity (Na=6.104, Ho=0.549,

Ne=3.431, He=0.608); the population with the most diversity was the Shenyang (SY) population (Na=8.125, H0=0.563,

Ne=4.562, He=0.680). There was a low level of genetic differentiation among populations; the greatest genetic differentiation

(Fst=0.210) was between the Lingyuan (LY) and Dalian (DAL) populations. UPGMA, PCoA and STRCTURE analysis

indicate that S. exigua populations in Liaoning can be divided into two groups; the first comprised of the Huludao (HLD) and

Dalian (DL) populations and the second of the Tai'an (TIA), Fuxin (FX), Lingyuan (LY) and Shenyang (SY) populations.

AMOVA analysis indicates that most (78.0 %) genetic variation in S. exigua in Liaoning was within populations and that

inter-population variation was low (22.0 %). [Conclusion]

There is relatively high genetic diversity and low level of genetic

differentiation in geographical populations of S. exigua in Liaoning province. These findings help resolve the genetic structure

of S. exigua in Liaoning and thereby contribute to the development of better management strategies for this pest.
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B Spodoptera exigua JEHF- I HA
BT KM e . ( Mikkola, 1970
Feng et al., 2003 ), iZFh3 din] 3 £k | AL .
KIGAE 170 ARFFEY), FF 0T 3 ™ 5 A 2 D P 2k
( Burris et al., 1994; Guo et al., 2010 ). &
B IE TR, J 2 A0 T . AR, B
K EW X (Ehler, 2004) . JE4EN, FH3E
PR CAE TR E R R AR 327 DX 3k A 2, IF
T R T E A TR o B, 1993-2003 4,
EHSERO e K X R K, FEORA = T %
Tk 30% (FREEMAE, 2009), A 20 42 90 4F
R, A E R T X O E I BN E, TRE
FERA . K EEEY (XItE, 1998; &
ALEAE, 2000 ), 2000 4EZ 5, TEILTHSHIX
3 7R R K o FERIR, RN B —
i AL 2= 2570, S BORER O A HLBE S AR 1
SRR 270 R B 25 ( Chaufaux and
Ferron, 1986; Lai and Su, 2011), ZAiZfhER
B i R B R TR

HAT, F&EXTEERA A s 2 R | 8l
SER S RREE D AR R Y A D R ARGE . B
un, ke (2005 ) BNy T EEERORY G RRK
25 (AFLP) R R, F iM% (2006) F1H
AFLP J5 2 B T 3% [ A0 55553 i DX b 3 1L
FhE 81 Z RE AT 18 T R, (ELRR (] 35t
LA BAR . — 222 F FH mtDNA CO [
mtDNA Cytb FEH 7 H g 1 3 A 6] o BE AP R
IS AT AR M it A% A8 S 5 st AL Ak ( £2%
WANVFE PR, 2014; Wang et al. al., 2014; 2%

AV ANE R %, 2016 ). Zhou Z5( 2017 )F] il mtDNA
Cytb LR T 5 & IR E 47 D HbBERRRE A RIS
I B m it A S SRR L oAk, FRIE R
ke T RVEEI Y 5K . Zhou 4% (2016) 2
F mtDNA CO [ Fl Cytb K:[H % B0 3k = it 75 4
DX SR AN A ELAT (R 2 T S KT ast e AR 5
PRI AETE — 2 st fE ok . D 2 4 Fhrid
(SSR) HAZAM SRR, MLl
K% FUARBERE R I B/INGE R A, T2 W T
REB AL B oy Tl 2 FRHF 5T 45T 5E ( Tang
etal., 2015; Duanefal., 2017 ), Kim % (2012 )
e 10 NEAZSMEM T AN A, T
SRR REIRAG AT . SR, B TAESE 0 Fhn
WHERAL . FEAR /NS RFEE A TR, X 2ept
FEARBEN AT RIS 8t 15 78 S 515 R st E 45
PRALEEIREE . FealE, T I AR
BTz R s S8 S ARG A i e = 5T

KT, ARUFEAAHM A (SSR) XHLT
by DX AN (] b 3L 1 1 S 7 i ot 1% 720 S 5 st A%
SERIIEATIRSE , O BB M DRI SR ket L 2k
P, S A () b B R ) 35t % 1A G R DA B
T5 G R AR AL SRR

1 #R5HE

11 #hd AR

2012 4F 7-8 H, fEILTH 6 &R (1), #
FAVE(S B R BI A 71, 454 S R 4 e Il g T
SROIRAE i o BSR4y HOR AT, (45—
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JE BB DR S R A ok A IRl — ACREA JE AR AR
( Wang et al., 2014 ), T AFE i B T 95% L BEHT,

- 20 °CRAF TR AL R AR I 2 B, i
SR TSRO A R B LR 1.

F1 ITEREHEMBEHERBEREFERER
Tablel Samplinginformation of Spodoptera exiguain six geographic populations of Liaoning

AR QR SR P/ BEREA L B SRAER ]
Population code Collecting locality Latitude/Longitude Sample size  Insect stage  Collecting date
HLD B T L X 40°56'N/120°38'E 31 At Adult  2012.08.20
Lianshan district, Huludao
TIA IR 41°01'N/122°40'E 19 1 Adult 2012.08.17
Taian county, Anshan
FX BB B i X 42°10'N/122°00'E 26 40t Larvae  2012.08.22
Xingqiu district, Fuxin
DAL KRET M X 39°04'N/122°19'E 30 S Larvae 2012.08.18
Jinzhou district, Dalian
LY I BHTE B IR T 40°35'N/119°37'E 9 4t Larvae  2012.08.26
Lingyuan city, Chaoyang
SY PP IX 38°43'N/125°46'E 45 BH Larvae  2012.07.18

Shenhe district, Shenyang

1.2 DNA £EUE PCR ¥ 1%

fdiJl TIANGEN DNA 2GR 7] & 3 B
K gk 5 DNA A i NanoDrop ND-2000 #:31] DNA
WRE I BAK BRI DNA FEfE T - 20 °C
MR

13 RIEMRYBEERSE

AWFFEFIE 8 ASFIER M TR ST
307 b DA ) el B SRR A T A S T S
FEPp R (Kim et al., 2012 ), PCR WK Z 4L
$§ dNTP 0.2 uL, 10xEasy Taq Buffer 2 pL,
TagDNA 0.2 uL, [ER514)4 0.4 pL, DNA #ifk
0.5 uL, ddH,0 16.2 uL, 94 °CHiIZEE 4 min, 94
CAEM: 30s, 58 °CiRk 30s, 72 °CHEfH 305,
35 MEER, 72 CLIEf 5 min, 4 CIRAF. 97
B2 1.0%5 B e S F VKA 5, 3% 11
A T A B AR BRA B 58 R 44 L VKA DU 5
FEP I, I N T AT S B R A X

1.4 HiEsE

FIH GENEPOP 4.0.9 X FHER ik 4% FhRE 5
{7 384T Hardy-Weinberg A6 55 3% B A
F RN , 25 52853 Bonferroni 4 1E( Raymond and

Rousset, 1995), FlfH GenAlex 6.51 #4455 114%
B A M RE A 280, 46 SR AL A E

(Na), MEZEE (Ho ). WA (He).
Shannon {55 838 54 1)UL I I Ny )35( Peakall
and Smouse, 2006 ), ffif Arlequin 3.5.2.2 ¥4
O3 BT AP 35t A% o AL AN 3 PR 7K, ( Excoffier
etal., 2005), flifil MEGA7 3T Nei [itf&HE
241z F UPGMA REEMH# RS &AM ( Kumar
etal., 2016 ), FIff STRUCTURE 2.3.4 # {44245
DU 37 3R 2 T 1k 43 A Bl R 35t A% 2544 ( Pritchard
etal., 2000 ). B X EIXE N burm in=
1 000 000, iterations=100 000, *J#4~ K #4710
WHEEE, FIH Evanno 1Y 4K EMiE R K
{6 (Evanno etal., 2005), {fifjf CLUMPP1.1.2
AT T X 5 45804 ( Jakobsson and Rosenberg,
2007 ), HR4% 35 % 1 B9 J B 04T E AL AR ( Principal
coordinates analysis, PCoA ) 3#7 . i | GenAlEx
6.0 ( Peakall and Smouse, 2006 ) #4174+
Ji 22538t (AMOVA ),

2 ZREHW
21 FhEHY D E G R TR B B R S

T i Xk 8 AN AT Hardy-Weinberg - #6:
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5, B spe06 o wi i B P51, REZBFHEAT &
Hardy-Weinberg “F-fj, A (7 &84 H T a2 43
Mr o HEBUR T BRI S5 R0, A3 T2 A5
] JC i %8 (P <0.05),

LT HIIX 8 ANEREAC G T A Y 35t
ST 20 BAK L, F00S L 2Rk
K8 T ( Na=6.104, Ho=0.549, Ne=3.431,

He=0.680 ), Ak, 8 IMisifE 6 ISR
PHAPHE N AC RECEAR (- 0.568<F15<0.430 ),
Herdr spe06 o7 5 13T 28 R EURAR( Fis= - 0.568 ),
R NG T BER B AE R BU(Fin) i BN
- 0.550-0.610, H:r1, spe06 v 1) Fip K ( Fir=
- 0.550 ); MLAk, BEMAREISERBERAL (0.011<
Fs1<0.315) (£ 3 ),

®2 ITHKX 8 EMEREMIEMAREES KT
Table2 Genetic parameter statistics of Spodoptera exigua based on eight microsatellite loci in Liaoning
RERIE) 73
t i N, Ky N
gy PR RIS RN e zm
S 2 ooy Shannon JREILpE WBZLAIE s RN §
" FHHEH = B R . : T ZEL  Genetic differen-
o ¥ H ERCXIE] Observed  Expected  Unbiased Inbreeding L
(VA Number of . Overall tiation
L Number ffecti Shannon-  heterozy-  heterozy- expected  coefficient | breedi coefficient
O ot alleles < oo 'Y® Weiner gosity gosity heterozy- within tnbreeding
alleles . . . coefficient among
(Na) index (1) (Ho) (He) gosity  populations .
(Ne) (Fy) populations
(uHe) (Fg)
( FST )
spe06  4.000 2.672 1.092 0.975 0.622 0.637 - 0.568 - 0.550 0.011
spell  3.667 2.063 0.905 0.361 0.509 0.540 0.290 0.333 0.060
spe08  8.000 5.464 1.789 0.640 0.787 0.805 0.187 0.245 0.072
spe09  9.333 5.033 1.793 0.567 0.775 0.794 0.268 0.309 0.057
spel5 8.333 5.537 1.782 0.845 0.783 0.805 - 0.080 - 0.015 0.060
spe07 5.167 1.763 0.813 0.218 0.383 0.392 0.430 0.610 0.315
spel2  4.833 1.771 0.856 0.451 0.424 0.436 - 0.063 0.002 0.061
spel0  5.500 3.147 1.214 0.336 0.580 0.601 0.420 0.602 0.313
Mean 6.104 3.431 1.280 0.549 0.680 0.626 0.110 0.192 0.119
x3 TTHIX 6 NF SR M i R Fh B B A i 12 S
Table3 The genetic diversity among 6 populations of Spodoptera exigua in Liaoning
oy AN ST h ,A/
e R Shamnon e mmgegn e s
, - FEREH EYSEicE HILEE Eibregi=g i
FhRE FSE-gE| Number of Shannon- Observed Expected Unbiased wed Fixation
Population Number of umber o . heterozygosity heterozygosity nbiased expected
eles ( Na) effective Weiner index (Ho) ( He) heterozygosity index ( F)
aeles L3 L alleles (Ne) (1) (uHe)
HLD 6.375 3.310 1.341 0.540 0.632 0.655 0.131
TIA 6.625 3.790 1.403 0.635 0.645 0.662 - 0.010
FX 6.375 3.573 1.363 0.591 0.643 0.655 0.066
DAL 6.250 3.162 1.174 0.456 0.527 0.547 0.209
LY 2.875 2.190 0.852 0.510 0.519 0.550 0.120
SY 8.125 4.562 1.550 0.563 0.680 0.688 0.149
Mean 6.104 3.431 1.280 0.549 0.608 0.626 0.109

RIS RI 2 1, N ER[E . The population code is the same as table 1. The same below.
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M 3 HRRTAL, 30T 6 SRRtk H R R
1) 352 4% Z REPE 3R ( Na=6.104, Ho=0.549, Ne=
3.431, He=0.608 ), H:rf, JkFH (SY ) it
1 2 Rt Ve i 5 ( Na=8.125, Ho=0.563, Ne=
4.562, He=0.680 ), Wik (LY ) Fiif i1k 24
Pk ( Na=2.875, H0=0.510, Ne=2.190, He=
0.519 ),

22 MEEEAERSIEEHECE

LT HLIX 6 ASFhEERISIZ IR T 0.030-
0.534 i), Hrr, B (FX) fH% (TIA)
PR Z A AL BE B i/ (0.030) , iR (LY)
IR ( DAL ) 2 [R1s AL FE B e K (0,534 ) .

WAEF LA 0.586-0.970 8], B#r (FX) Al
4% (TIA ) FVREN] Pt AR DL K (0.970)
IR (LY ) MIFGE (DAL ) FE ] 8 38 14 4H
E/h (0.586) (£4)

23 MBEESUSERR

0T 48 N [) b B o AR S st A4 A T

i (0.014<Fs1<0.210 ), Hr, %I (LY ) FIK

i ( DAL )FRHE] 35 A5 /AR B e R ( Fisr=0.210,

P<0.05) o 3L 77 Hiu DX SRR 0 A5 b B A ] 326 A1

W (0.940<N,,<17.607 ) » Hr, %I (LY)

B4 (TIA) PR L HE R (N,=
0.940) (%£5),

R4 ITFAEMBMEBFMHERESEEES (MALT ) MEEEUE (HRA%LLE)
Table4 Genetic distance (below diagonal) and genetic similarity (above diagonal) among
different populations of Spodoptera exigua in Liaoning

¥ Population HLD TIA FX DAL LY SY
HLD - 0.900 0.916 0.917 0.663 0.663
TIA 0.104 - 0.970 0.922 0.632 0.917
FX 0.087 0.030 - 0.948 0.684 0.951
DAL 0.086 0.080 0.053 - 0.586 0.898
LY 0.410 0.457 0.379 0.534 - 0.661
SY 0.090 0.086 0.049 0.106 0.413 -

®5 TITAEMMBMBFHERBERESN (For) (HRET) 5SEER (N,) (HA%E)

Table5 Pairwise Fsr (below diagonal) and gene flow (above diagonal) among different populations
of Spodoptera exigua in Liaoning

¢ Population HLD TIA FX DAL LY SY
HLD 7.562 9.365 2.438 1.905 9.750
TIA 0.032" 17.607 2.467 1.643 9.365
FX 0.026" 0.014" 2.762 1.905 15.375
DAL 0.093 0.092 0.083 0.940 2.438
LY 0.116 0.132 0.116 0.210° 2.022
SY 0.025" 0.026" 0.016" 0.093 0.110

RN G L E BB RS SR (For) 257 83 (P<0.05) .

" indicates significant difference in population genetic differentiation index ( Fgr) by multiple hypothesis testing at the

0.05 level.

24 TERMAER
241 UPGMA BELH RABEGHE, FIH

UPGMA 7EH 3 6 R i A AEET T Nei [G2R
B HT, XEEFREERE S NS, B — SRR
PO(LY) FlE, 55 2 Fi AL 5 AFpiE, D
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W (HLD), Ki%E (DAL), % (TIA),
B (FX) KikBH (SY) (E1) .
242 STRUCTURE E % & #f N H
STRUCTURE 2.3.4 44, 5 F - sk x4~ K
HI85 10 K. WFoR8s R T, M K=2 /), K
AW AR . SR, N
CLUMPP1.1.2 #k Xt K (7RIS, 450
F£W, 2 k=2 i, #5 (HLD ) fIKi%E ( DAL )
BR145%, 4% (TIA) . B (FX) . %R
(LY ) FIPERH (SY) M5 1432 (K 2)
243 PCOA ##7 FET Nei A9 554 I B 4 B0k
1T PCoA FEAARIT, S5HREH, H—HhAsE —
BN M 2210 54.74%F1 27.83%., F— K
WIRCLY VFPRE, 58 SO0 Hifth 5 DNFREECIEL 3 ),
45 B 5 UPGMA B 45 A —3,
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

00
& HLD TIA FX

TIA
FX
SY
DAL
— —— HLD
Ly

1 1 1 1
0.20 0.15 0.10 0.05 0

1 EF Nel [RiEZEEAIT TR E i 2 aE
FHE I UPGMA BESHT
Fig.1 UPGMA cluster analysis of different
populations of Spodoptera exigua in Liaoning based
on Nei’'s genetic distance
HLD: # BFfE; TIA: BILMRE; FX: BB,
DAL: FGEFRE; LY: #IHFHE;

SY: VLFHFME. TIEIFE.
HLD: Huludao; TIA: Anshan; FX: Fuxin; DAL: Dalian;
LY: Chaoyang; SY: Shenyang. The same as below.

DAL LY SY

2 EFSAMRHIERMAMTTARMEHBHEREN STRUCTURE BE 517
Fig.2 STRUCTURE analysisof different populations of Spodoptera exigua in Liaoning based on eight microsatellites|oci

JDAL
&
& LY,
o~
Q
% FX gy
1% HLD ™ =
=TIA

PCoAl (54.74%)

3 ETF FerEMBREERERNITHEARE
i 26 o B A SRR M T AR AR AT
Fig. 3 Principal coordinate analysis (PCoA) analysis
based on the genetic distance matrix of Fsr values of
different populations of Spodoptera exigua in Liaoning

244 AMOVA X FHEHW N TARMT
( AMOVA ) W5 250, PPk oy FFp e ] ot
P75 543 51 R T8% I 22% , 156 WH 122 1l X FH S 7 ik
FREE MG AR S REOR AREEN (% 6), S

A, R (R A7 7 — E 8% b ( Fsr=0.220,
P=0.001 ),

3 itig

S5 BE S 24 A B KT J& R RE Y a5t % AR
S EEEbR, 11 9 5 52 BIREA = R/ 2R
( Maudet et al., 2002 ), SUtFR, HEAREZD
SN SR BAEE A, SR SR Z
AL G Z RS (RS, 2018 ),
WG (He ) nlRBAFREES (G — SRR
W, WA N 0.3-0.8 Z[a], WA %
PR 1E Z e ( Takezaki and Nei, 1996 ),
TEARGEH, 8 M TR st i Z R K55
15 ( Ho=0.549, He=0.680 ), /~[r] 31 B Fh B GH 32 1%
W B B i AL 2R Ho=0.549, He=0.608 ),
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Table6 AMOVA analysis of six populations of Spodoptera exigua in Liaoning

BREW g TR i BREIHE (%) FERK (Fso)
Source of variation Sum of squares  Variance components Percentage of variation  Fixation index
F#EI] Among pops 5 244.665 1.670 22.0
Fh#EPY Within pops 154 912.817 5.927 78.0
Total &7 159 1.000 7.597 100.0 0-220

157.482

TFORFREE ERE R (Fer) 255 (P<0.001) .

"indicate significant difference in fixation index ( Fgr) at the 0.001 level.

AT 54 A4 (2006 ) MIRFFRES B—3,
FH (SY) FhEEMBAE Z e iR, MR LX) 3
BRiE W AR SR, FREENIE S R (Fis) FOR
iy e A B HLAC TE 17 25000 Fob B P9 2% 5 B B O 1S
B, SRS RE (Fro) WO SRR 25 B
HBRISHEE ( Weir and Cockerham, 1984 ). 8 />
TR AR 6 ISR H B AN v 19 30
RLERE (Fig) FMBHMARGESERZEC (Frr) 50598
0.110 F10.192, KM, &K FMHFRISERIR MALEA
THZ, AT, 852 (Fsr)
H00.119, SHAERREERAR, UL R AELE
BN TR S BRI , ) 2 T A 5] b AR (8] 119 35
f&434k ( Whitlock and McCauley, 1999 ), X5
T AR (2016 ) WFFEEER—30, BT
ISR ELAT B i HLRR J1 oS98, KBt
SRR s AL o AR . IR (LY)
R 5 LA AR B 20 Fl R P AR X 42 15 & S PR I 4
Wox, WIE (LY) MIKE (DAL ) Fffia) g H
Jiae/y (Nm=0.940), XATfgEm TR (LY)
J& el X —38 43, AT 249 T SE R A8 i v
B, FEOZH XSRS 10 T 48 At b DAH X
Ao

TEAWFSE T, UPGMA B . PCoA 43#T
KT DU R e R, #2 5( HLD )
K% (DAL), &% (TIA), BHr (FX) Kik
FH(SY) BA—3, I (LY) HIH—43K,
JEH, BIE (LY ) PR AR S 5K
K, FTRER R TR IERBEAL T 780, 1M KGE
( DAL ) FHEAL T b DX, AR 3 2% A4 T
RESZ I T #SRRORT 5P 5, AMOVA 43 T4

S AT U WAL b DX AS (] B S 78 0k )
LA R EEOR ARV, BEEE RS E 24 RN
FK (2014 ) P84 R —80. BLoh, TAMR
JIT R A A 3L 7 1l X S A R R AR A, JF L
PG R IEANEE (LY ) IREAR A /D, (U 9
ko TR T I BT G2 M IX S 0 0 b R gt 4% &5
¥, RGN 22 ()RR R S RS AR A
TRE

HHT, GBSz 7040 T IR E &g 32
X, HAWBENGET 2, NEEYMHEZ, &4
LR AVEANIE 1T U 3D 9@ s L 1 G Ak e U S
ICUER R IR T R R B A MERE . A5
XL T HLIX 6 ANFH SR FR R st 15 A8 S S5
BB LM T RGEEST , T HAR B iR HE A4t
T8 T o AN [ i BRI (B R SR A a1 R B AN
B ERE AR, BaIH %A E B AL, A
I, R Rt -5 R AT R Al 25, usisb
Pre A, SRALBEIG AR . i, w5
(HLD) FIKi%E ( DAL ) FhEEAYEH SR Ik R0
REGIT, JFH., B0 5 H RS L R 4
BARZGR = T RGR B2 M, Ft, KiEHIX
FER #1200 3 R, Rl 2 b 2= 25700 1Y)
ol T 1R B AR AR o SRR L Z AR R L T
2 AR A A X, R AR ISR R i LA = 1Y
WEEIE N F1 o UL, SRSt 24 1y 2Ok B AIG
AN E BTG TER P Ty BeAh, EARRR T
Ve, BATTHEA R 108 R LR 41K b #R i3k
] A R S 18 e A A 25 12 0 Ak IR R a5t A 245
¥, A R R AL gy s SR AR SRR e 3K
(R RIS e I SC 2R o S ULIRI, A B A N
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I e 0 e RS [l 3R 7R B SR B AR T e [
AN ] S JHL A T A 13 gk g R PR S R H RO AR
WFFE, iz A s P S LB R dE
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