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Molecular identification of invasive Spodoptera
frugiperda in Ganzhou, Jiangxi province
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Abstract [Objectives] To clarify the population biotype of invasive Spodoptera frugiperda in Ganzhou, Jiangxi province
in order to better understand the occurrence and spread of this important, global agricultural pest. [Methods] Molecular
identification of 32 S. frugiperda specimens collected in Ganzhou, Jiangxi province was based on variation in the CO 1 and
Tpi molecular markers. DNA was extracted from each specimen, amplified with PCR and sequenced using CO I and Tpi
molecular markers, after which the CO 1 and Tpi gene fragment sequences obtained were analyzed. [Results] Gene
fragments of the expected fragment size were obtained from all 32 samples. The length of the CO 1 gene fragment was
713-779 bp, and that of Tpi gene fragment was 383-395 bp. Based on previous analysis of the CO I gene, the corn strain of S.
frugiperda accounted for 62.5% of specimens and the rice strain for 37.5%. However, on the basis of Tpi gene variation, all
specimens were of the corn-strain, of which there were three types (Tpi-Cal, Tpi-Ca2 and hybrid Tpi-Cal/Ca2). A
phylogenetic tree of CO 1 gene variation indicates that S. frugiperda CO 1 sequences in Ganzhou, Jiangxi province are

consistent with those elsewhere in China (Jiangsu, Yunnan and Jiangxi), in the United States (Puerto Rico and Florida), in
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Africa (Uganda), but differ from those in Brazil. [Conclusion] This study clarifies the genetics of S. frugiperda in Ganzhou,

Jiangxi province, thereby increasing the available information on the population genetics of this important global pest.

Key words Spodoptera frugiperda; rice strain; corn strain; molecular marker

FE 4 7% 7% 1 Spodoptera frugiperda (J. E.
Smith), FRFCKGH (Fall armyworm, FAW ) ,
J& B H Lepidoptera ik &l Noctuidae /K 78 1 1k
J& Spodoptera, J& IR T I P HHT A1 HT i X
PEERFE R (MRS, 2019) o ZHREA
RER A K HAE T, 2016 4F PN AARIEM
I HPEES ( Goergen et al., 2016) , 2018 4F 12
H, R SR IR AR T, ANF—4E R I T,
MO L MMEIRERE 7 X 26 4 ( B .
FAIX ) (£ EHE, 2019, 2021) , BELLE
A R AR ) i o, e R AR A i
W KU (£, 2021) .

b SR AT R B OKRLFIK A Y ( Pashley
et al., 1985; 5K#&%F, 2019a) , F KA KL
Tk MRS B, KA — i LA KRR A A%
& (Nagoshi and Meagher, 2004 ) . BR
HEFIN, 2THANEGEEER . KRITH.
LTRSS Ty AR R 22 57 (HIE, P AR
EAEA 2SS, MELFEA (VL 4 F 3,
2019) o RH /- Fhric vl LABE I B Hb 57 730 1 AE
Y)2EHI (Pashley et al., 2004) . Zkiikgni(
K C HAfbBEWHE 1 FEP ( Cytochrome coxidase
subunit I , COT ) nJLA%ETE FKAL, JKAHELAY
F TR, (H CO 1 JERNL TR, 2R
WHAE IR, 7 [ —2F F R AT e AR 2 Fh Ay
A E L ST (Murta et al., 2015) . K,
Nagoshi (2010 ) f Nagoshi #ll Meagher (2016 )
TR WAL TN Z YO iRmim i imms 5
MWL ( Triose-phosphate isomerase, Tpi) o
K H Tpi 43 FFric SR e [ — 25 3 HAE e —Fh
FER Y B B 5T A0k ( Nagoshi, 20105 Murta
etal., 2015) . I4h, Nagoshi 55 (2019a) & FH
FOAKHAFAE Tpi-C/CO T -R Z44 1R Hb ST 0K
Pk, FRSRA CO 1M Tpi 7 FARicssE, fiE
% TE T R 45 M R P AR R

VLPUAE AR e X, 2 T ] el B

TR A VI DX e B AR X (R R A,
2019 ) , XPVLVH Y B RAE =R By . AR 5E R
£ TILFEEINTT 4 4B 32 A HH ST Rk E AR,
K COT Al Tpi 2 FARic X AARTT PG s (1) 7
Mo TR T TR, AT T VR RN
M DRI MR B L O, Ry M
b ORI ) MU BORS HER E HR S

1 RS

11 #HXEHRERE

F 2022 4F 5-6 HRHILVHAEM T 4 N E
B 32 LT RORAE S, BT R R
AN, BB R SCR AR S A RS
B, KR % B, BIRRERFRBEILE 1,
1.2 DNA RE#1 PCR #"1¥

KH Ezup XS 2H 4L DNA fhis
RAEETAEY TR (L) B A RA R 3R
SR HUET b ST 0k B DNA, B S pL DNA %
W, I 1%R B EE e Dk DN , I Aol
JeEEH (SMA4000, Merinton ) #illl DNA F{¥
JERZEREE, 2RI 5 1ER PCR & KMk, CO 1
FEDRIFN Tpi BP0 5 1907 91 R 5K 455 (2019a)
(A0 P8 T PCR 3734, PCR P35 11 L3 2.

PCR [ZJWiAZ (25 uL) : DNA HiR 1 L,
51945 1 uL, ANTP (mix) 1 pL, Taq Buffer
(with MgCly) 2.5 uL, Taq fi§ 0.2 pL, ddH,0O
18.3 uL, PCR W27 : 95 CHIAEM: 5 min,
10 MIEER, FEMIEER 94 °CAEPE 30 s, 63 °Cil
k30 s ((EEAEFRRE 0.5 °C), 72°CHE{#H 30 s, 30
AMEH, BAEH 95 °CAEME 30 s, 58 °CiEk
30s, 72 °CHEfH 30 s, 72 °CHE{#H 10 min, PCR
PRI, M 1%BRRE B UK A I3 F B
e rEE VIR, {4 SanPrep #:3 DNA fi% [rlik
WG H 4 EAT IR, 26 A T AR ) TR

( Lifg ) Bty A BRA RIHEA I
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F:1 EHMATEREER
Tablel Information of Spodoptera frugiperda collection

KA H AT

Collection site

Hinds  RERE
Sample code Stage

- R B (3 Yy
. Number of Latitude and
Collection date . .
samples (ind.) longitude

TR, JEILEL, W RRY
Lingxia, Dujiang Longnan
fFEE, PR, EREN
Zengwu, Xiniu, Xinfeng
=B, MNES, EIEN
Liantang, Xiaomi, Huichang

B, WEEPAR, FAERAS
Songping, Yeping, Ruijin

gzln A Adult
gzxf W H Adult
gzhe WH Adult

gzrj A Adult

114.75° E, 24.88°N

5 J 20-24 H 20-24 May 25
5 11 26 H 26 May | 114.95°E, 25.49°N
5 A 18-21 H 18-21 May 2 115.71°E, 25.85°N
6 A 17-22 H 17-22 June 4 116.11°E, 25.93°N

R2 COIEREMTpi EFRFEYHESIWER
Table2 Primersof CO I geneand Tpi gene
fragments used in this study

GIEYE S S1¥)¥5) (5-3") P4 X3,
Primer name Sequence (5'-3") Target
COI-F TTCGAGCTGAATTAGGGACTC COI
COIR GATGTA AAATATGCTCGTGT Ccol

Tpi-F GGTGAAATCTCCCCTGCTATG Tpi
Tpi-R  AATTTTATTACCTGCTGTGG Tpi

1.3 HEHH

AR TAEY TR (i) B A RS R 520
CO1 F1 Tpi ZMMFHME, FHFH SeqMan
il BioEdit F XS 1F S [a) 5 e 90 i A 7 N TP
JWERIRCIE, REERRS CO T A1 Tpi JEH Bt
JEH1 . M NCBI Fd e T 284 G B b 07 13 ik
CO I K Tpi ZFJFH, RH DNAMAN fF%f

8 76 54 32 1M

FITARAS R L] 3 30 1647 22 B 91 b R 22 A
BT, BT —BREAR I S —28, IR BOHE
Hh— 2P I AR . IR TEREA TS, 1]
MEGA 6 K FH4B4%7% ( Neighbor-Joining, NJ) #4
ARG RER, ¥ bootstrap {HH 1000 #1744,
PR EESE LY 2258 & B FE FigTree 1.4 i f 1484 .

2 GBRE59H

21 CO| #n Tpi EE PCR # 1

Wit DNA 20, PCR #"34 SlF, 7F 32
By RS RS T 5 I R BER/N— U I
Bt COI AR BN 713-779 bp (K 1: A),
Tpi FENHBUKE N 383-395bp (E 1: B).
22 CO| EAEFILESSH

FHTPEEEMN 32 Y s s ki) CO I FE A

M 1 2 3 45 6738

bp bp
3000 3000
bp
N 1000 1000 o
500 500 <—383-395

B 1 #B4r PCR ¥ 1&7= 4 B 3 AE 4 ek Ak PR ik &
Fig. 1 Gel electrophoresis of partial PCR products

A.COT A ; B. Tpi #F ., M: 3000 DNA Marker; 1-8: JLVEREAR,
A.CO 1 gene; B. Tpi gene. M: 3 000 DNA Marker; 1-8: Jiangxi samples.
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FEI X 25 kB, HEA TR AEAE 2 FF s, HLIF)
—RAIF I 56 2B M\ 2 PRI e s —J%
FEAAE AR “Jemd 10 %57 (gzInl0 ) 2 strainl,
“Terd 1557 (gzInl5) 4 strain2], 5
NCBI _ERFHI X}, 255K, A 1Y straind
( £k )5 NCBI A9 Corn strain( Sequence 1D

Corn_strain
strainl
Rice_strain
strain2
Consensus

Corn_strain
strainl
Rice_strain
strain2
Consensus

Corn_strain
strainl
Rice_strain
strain2
Consensus

Corn_strain
strainl
Rice_strain
strain2
Consensus

Corn_strain
strainl
Rice_strain
strain2
Consensus

Corn_strain
strainl
Rice_strain
strain2
Consensus

Corn_strain
strainl
Rice_strain
strain2
Consensus

Corn_strain
strainl
Rice_strain
strain2
Consensus

Corn_strain
strainl
Rice_strain
strain2
Consensus

Corn_strain
strainl
Rice_strain
strain2
Consensus

ttgtaacagc

GCTTTTATTATAATTITITITATAGT
GCTTITTATTATAATITITITIATAGT
TGCTTTTATTIATAATITITITTIATAGT
catgcttttattataattttttttatagt

i

000

]

ATTATAATTGGAGGATTIGGRARTTGACTTGTA,
ATTATAATTGGAGGATTTGGRARTTGACTTGTA)

TGATATAGCTTITIC
GATATAGCTITC
TGATATAGCTTITIC

TCTITRAC
CCATCTTTAAC
ATCTTITARAC

TTGTAGRARATGG

CICTCCICTAATATIG
TCICCICTAATIATIG

TCATTTAGCTGGAATTTCATCTATTITAGG
TCATTTAGCTGGAATTTCATCTATTITAG
TCATTTAGCTGGAATTTCATCTATTTTAGGAGCTATTARC
TCATTTAGCTGGAATTTCATCTATTITAGGAGCTATTAAC

TTTATTACACTATTATTAATATACGATTARATAATTITA

40
40
40
40

120
120
120
120

160
160
160
160

200
200
200
200

240
240
240
240

280
280
280
280

320
320
320
320

360
360
360
360

400
400
400
400

HM136592.1 ) 3 —%, strain2 (KFER ) 5
NCBI _[# Rice strain( Sequence ID:HM136602.1 )
FE)—5, FRBEKRERZ MAFE 16 4
SNP i s, (& 2 ), JEFZAR CO 1 FEH 4r#r4s
IR, FRBRUK RS B AEAEAS ) A5 535
62.5%F137.5% (% 3 ),

Corn_strain 440
strainl C G TTATTTATTIGAG G 440
Rice strain  [ohd GA TTTATTTATTTGAGC GTATZN]
strain2 y:) TTATTTATTTIGAG AGGTAT RN
Consensus

Corn_strain 480
strainl 480
Rice_strain 480
strain2 480
Consensus

LG - 2 O T2 TTACTATATTACTTACT 520
SR UL - GCTATTACTATATTACTTACTGATC 520
ISR - - GCTATTACTATATTACTTACTGE 520
strain2 520

Consensus ggagctattactatattacttactgatcgaaat taaata

Corn_strain 560
strainl 560
Rice_strain 560
strain2 560
Consensus
Corn_strain 600
strainl ATTTATTTTGATITTTIGGACA 600
Rice strain BACATTTATTTIGATTTTTIGGACATCCTGAAGTA 600
straim2 CATTTATTTTGATTTTTTGGACATCCTGRAGTA] €00
ATCCTGRAGTA
Consensus ttatcaacatttattttgattttttggacatcctgaagta
Corn_strain 640
strainl TATATTTTARTTTTACCEGGATTTGGTATARTTITICTC 640
U T A TAT TTTAATTTTACRGGATTTGGTATARTTTCTCE 640
strain2 TATATTTTAATTTTACHEGGATTTGGTATARTTTCTCA 640
P SN 12 T 2T T T TAATTTTACQEGGATTTGGTATAATTTCTCA
tatattttaattttacc ggatttggtataatttctca a
Corn_strain 680
strainl 680
Rice_strain 630
strain2 680
Consensus
Corn_strain 720
strainl 720
Rice_strain 720
strain2 720
Consensus
Corn_strain 760
strainl GGATTTATTIGTTTGAGCTCATCATATATTTACTGTAGC 760
IR ¢t (Ol CCATTTATTGTTTGAGCTCA TATTTACTGTAGC 760
strain2 CTGTAGGAA NN
T T GCATTTATTGTTTGAGCTCATCATATATITACTGTAGGAR
Corn_strain 774
strainl 774
Rice_strain 774
strain2 TAGATATTGATA 774
o L [2GATATTGATA

tagatattgataca

B2 IAESEMEHIREE COI ERFFIEXY
Fig. 2 Alignment of CO I gene from Spodoptera frugiperda in Ganzhou, Jiangxi province

Corn strain(Sequence ID: HM136592.1)., Rice strain (Sequence ID: HM136602.1);
strainl . strain2 43 A EEA ) FOKRTRURDKRE LR CO 1 RH)PFI#E . TEIFE.
Corn strain (Sequence ID: HM136592.1), Rice strain(Sequence ID: HM136602.1); strainl and strain2

represent the CO I gene sequences of corn strain and rice strain in the sample, respectively. The same below.
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Table3 Corn strain as percentage of the total sample based on CO I gene markers

. ” N ﬂ N 74 }é\ . = ' ya

SESST TP S A () ARG LA R F 71

Corn strain as a percent of
total local sample

Hh 45 Locati
i ocation Number of corn strain (ind.) Number of total local sample (ind.)

R Longnan 15 25 60%
{58 Xinfeng 0 1 0

4> H Huichang 2 2 100%
B4 T Ruijin 3 4 75%

BT ARAT Y 2 FhE Sy k1) CO 1 LA 7 B, PEIRE BTSSR 32 0y B SR ROk Y Tpi Jk
1] strainl ( Bl gzIn10) #01 strain2 ( B gzIn15) £ KFF 51 6 FANFEIZEARL, J3iilan 244 gzinl
NCBI #4775 Hxf, FHANPUER SN FHTT  gzIn2 . gzIn3 . gzInd , gzIn5 Fl gzIn6., M4t Nagoshi
% CO 1 AR R (18 3). 452R3E 4 (2018, 2019b ) K3t T Tpi 31 Tl 0 14 2
W, FEARHEY strainl SHEVLIRRIE .. MR maopcikansr ol “Tpi-Cal 17 “Tpi-Ca2 17 J
W) VLPYR B BT IUTAR SRR EZRER e apy 5ok M S Sk “Tpi-Cal/Ca2 17
B LIk AEME 5T IA R CO T IFAI—3, Nagoshi 2 ( 2019¢ ) 7E4E Y B b 8 A2k (1 24 45
SR CO LA R i], METE om ey srmeik (Ti-Cal/Ca2 1) 155 4 451
KA, FEAFH strain2 5 E (VLH . =8 ). B 192, 198 BUBIE. X F AR 4
KRB BVIEIE). BTEH COLT gy 379, 385 Btk felbmdea ko
A2, RPARL. U TR TR 4 AT 192, 198 HORALE
23 Tpi EEFIILRSEEDH T H YY" TABFIERSE 4 41T 379, 385

ST, AREFSERY 32 6y Tpi B S E @f%ﬁﬁ “TC”. “CT” . “TT” #1 “CC” 4ﬁ%
KRB M S8 (KT336237.1) Jesistcapeg, I8 BB, ACBRSE T fE AR 3 Ao A

B REG R TRk (HR, ERES e Tpi (“Tpi-Cal #1” | “Tpi-Ca2 1”7 F1 “Tpi-Cal/Ca2
%’;{g 3ANE T 173 1174 ﬁ)&%;{?ﬁ “GA” ) B TRk . o, FEESMN T e R T L
i “AT” 2 PRI, 5 4 DNMAMNEFEY 379, 385 %ﬁ%?ﬁ&ﬁﬁéﬁ”fﬁ%ﬁﬂﬂ‘ﬁﬁﬂT%%iﬂl

pAc =

BRIEAEAE “TC” . “TT”. “CT” Ml “CC” 4 2k KA o ke (1] 4 ).

MW665994.1 USA-Puerto

0OP020715.1 Uganda

KU877172.1 Brazil
MNO075830.1 Chain and Africa Corn strain
OM980682.1 China-Jiangsu
A strainl gzIn10
HM136592.1 USA-Florida

A strain2 gzinl5
OM980681.1 China-Jiangsu

MW666000.1 USA-Puerto Rico | . .
100 ] Rice strain
MNO068212.1 China-Yunnan

0OP020716.1 Uganda
HM136602.1 USA-Florida J

E 3 ETFCOlRFIHErNRS LR
Fig. 3 Phylogenetic tree based on CO I gene fragments

0.002
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Intronl Intron2

Exonl Exon2 Exon3

Intron3

|

oF 33 2

— o

Y !
Rice-strain GATC C
gzlnl GACT T
gzIn2 GACT T
gzIn3 GACT T
gzlnd AT CT T
gzlns AT CT T
gzln AT CT T
Corn-strain AT CT T

Intron4
Exon4 Exon5 —
3 %\m
v TT T T 7
C TC T C C
A C T T
A CT C C T
A CT C T C
A CT C CcC C
A CT C C T
A CT C T C
A CT C CcC C

B4 IHESMEMTRE T EENS SR
Fig. 4 Comparison of polymorphism sites of Tpi gene of Spodoptera frugiperda in Ganzhou, Jiangxi province

3 itig

XF AL VGEIN Y 4 A~ B 32 £ 50t 5 7% ik
HEFT 508 o FETLRLIR CO 1 LK 73t 4l
R, 32 AT EKREYE 62.5%, KR
37.5%; ST Tpi JEFEITEERE, Frateg
PR EORAL, 2 P FAE eSS R A —3, SHTA
R EE FAR R EAER S, 20205 E 414, 2020,
Tk FRESE, 2021 ), H1T COT LR AHER L,
1M Tpi FEEARICH R AR Z (R 1D T M
Ml ZW, MR 27), FIKREREEAR 5 ok
RIXARZACZ )G, EEIE A Tpi-C/COI-R 447!
) e B Rk (AR AIRAE , 20195 12222, 20225
ZE R, 2022; Nagoshi etal., 2022; P,
2022; EE, 2023 ), FH TR R AR A
I RYELAE ST, MIVLEAL TR ERA MK, B
Hi O A I X ( SRBKHRAE, 2019b) J¢
FEEEA X (FBERSE, 2019), VLPTHLIX AT
AFEHRATREIR T =pg . )00 AR te Al
(Zhouetal., 2021), SETFHIAMMIY, X=pg.
POV AR REN R SRR T T,
ST CO T PR X 7 b 53 1% ik iR A7 o0 B &5 SR 4
B, YRR PR 4.55% 0 TR,

95.45% KRG s TR 2.92% K KA,
97.08% MK FE A ; fREN 3.57% N E KA,
96.43% M /KFEHY ; LT Tpi FLH L5 REH,
LTV TR R b DR A R oK
R (BRA4E, 2019a, 2019b; FE4N, 2020),
Ak, skESE (2019b) AT B, YILFEERY 17
MEEARY R T44E 8 (Tpi-C/CO I-R) HYHHL 7%
WK, ARG H, EKA (Tpi-C/COT-C) &
L2 FEM (Tpi-C/CO T -R), HIJFHfg2
FEA D | A AT BEAE AR Y Bt B 7 I A B3
Rzt alife, ELARIER M, Fik—2
HEATRIFGEIESE .

BT CO T M R dEfbi, TLPu%E:
M b BT S SR L AR R R 2R F A TR
77T 38 PN G SO AT b DX R B b 5T 7 Bk
( Sparks, 1979 )M\ U AZIEM( Goergen et al.,
2016), ZJEHEITE (REWHE, 2019a), A
{5 T ] A B b 5 A R 56 [ K B A A%
4 (Zhang et al., 2020), Ti#EALR H T PEE N
) CO T )P 5 EM L8, TESIE
A ST ik CO 1 ReK 35 #H[E] ( Nagoshi
etal., 2019b; 5K#EHSE, 2019b), AW LT
P 118 Rl B 1 A 5 S D R B o 4 A
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[A], 3% 55 AN G T B 1l B 1 i A TR i) AR
(5K&5SE, 2019b; REKHKSE, 2019a) BF5T4LS
—3
HF Tpi A K ELER BN, AR
M 6 MEAEERL, 155 3 NMNE T
173 Fl 174 BFEAETE “GA” 8 “AT” 2 Fhen
55 4 NANE T 379,385 BRIELEAE “TC” “TT” .
“CT” F1 “CC” DUFpZAL, #R4E Tpi FEH M
4N (58 4 AN 1Y 379, 385 kAL ),
AL XE oK B BT b 5 R 1 B E AT Al 4 o
“Tpi-Cal AI” “Tpi-Ca2 BI” K ZEhy FRAIEL
i B I Tpi-Cal/Ca2 %”( Nayyar et al.,2021 ),
Tpi FEH A F KRB A, UM AR M
AU AT S H ) A FE L BT AR S 3 DN T
173 Fl 174 SIEATAE “GA” By “AT” PHFhILRA
BRI R S0 ( RS AREE, 2019; BRAT-4F,
2020; EW A4, 20205 5K FRESE, 2021), 1
TE 2019 FmErEA T HAA7E S TR 52 4 A0 [A]
) — i PR R R B B A i (5K ARSE, 2019a ),
B} BT I T RE AL AR SRR TP AR AR s AR 42 sC HL
%o MO, AR 4 AR T 379, 385 Bk
FAEE “TT” “TC” “CT” “CC” 4 FpAS[a] A5
FEFES), 1 Zhang %5 (2020 ) XFHE 103 4SHHD
TR Toi BER AT 3, A RIS 4 b
W0 379, 385 BREAFAE “TT” “CC” 2 Fi A
A B ARIE P 91 o (EFEAE DN (Rl L ISR L 28555 ).
ENRE | o EIAFES AR Bk A (Tpi-Cal/ Ca2
B ) B DT Mk ( Nagoshi et al., 2019¢; Acharya
etal., 2021; Nayyaretal., 2021), ¥ ARIL
PUEEIH A 5 5 3 e Ay T BSR4 B REIA, JE s —
PR
AWF5Ed, T COl HHELR R, EX

R ST £ TR RE AL, X AN B4 i S A
WA, DR, BT Tpi HEH
YeoE, LT ARG EOR B ) R DR, X
PG U WA AR VTV 355 0 %) 5 b 5 0 IR R 2 5 B
A, SRR —E R . AR T T PY N
T TR RN | BB R . R Sh A AR
WEZMER, HERKR G, RAR7
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