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Biotype identification and analysis of the overwintering population of
fall armyworm in Fujian province, China
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(1. Fujian Agriculture and Forestry University, Fuzhou 350002, China;
2. Institute of Plant Protection, Fujian Academy of Agricultural Sciences, Fuzhou 350012, China)

Abstract [Objectives] The fall armyworm (Spodoptera frugiperda J. E. Smith) is a major, migratory, agricultural pest that
invaded China in 2019. A field survey in February 2020 found an overwintering population of S. frugiperda in the southern
part of Fujian Province (Changtai and Zhangping counties). Clarifying the biotype of this population will further understanding of
its genetic characteristics and population trends, and provide a foundation for developing management methods. [M ethods]
Using molecular markers, DNA from 35 S. frugiperda overwintering in corn fields was amplified, sequenced and compared to
compare their COI and Tpi gene fragments and biotypes, thereby clarifying the characteristics of the overwintering population
in Fujian. [Results] Cluster analysis of the COI gene sequence indicates that, despite being collected on maize, al
overwintering specimens were of the Rice-strain. However, sequence comparison of the Tpi gene at several key positions
indicated that this was of the Maize-type. [Conclusion] The results indicate that the overwintering population of S.
frugiperda in Fujian is heterozygous, with genes from both the Rice and Maize biotypes. There may be arisk of differentiation
of the Rice-type in Fujian, posing athreat to rice production in this and surrounding provinces.

Key words Spodoptera frugiperda; overwintering population; biotype; molecular marker
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2016 ). [ 2019 4F 1 J] RUHh B0 8l AR e AR
KE AR EH X, B L E 2 4 E R HR 4 Hb
X, BR TR DR B AR 7 AR 2 A ) R R
(LEYEE, 2019; K&, 2019), FIHLHTIX
T 2019 4F 5 H BIRAEMR A LI, hm7E4
BEMIEA: . 2020 4F 2 7 XAEAR @ AR
ZE AT H 1 2 K PR IX 3 ) 75 4 3 A4 1Y
TR, R IR AR AR A IS T LUK
DA I A A, O R 4 b K S5k
YEWI AT
A b A TR AR A VI, R R A TRV
PR, U R R IX A T ™ 58 | AF bz ,
WA XA PR A8 ORI 2T 0, X 4s o 9T 7R
I B AR A R A R A SR ) S5 T TR
i A O PR MR A R A RS O, A B TR
ATIATRH e 8 5 AP AR AL 5 s R R AE , AR
6 PR T AR BEE FE Al o 5 M 5 7% IR AT B OK A
( Corn-strain ) FIZK#E7% ( Rice-strain) 2 Fi/E4)
WAL, EATFER FeaE . LA o RIE
AR 7% % ( Nahoshi and Meagher, 2004;
FIHAESE, 2019), HMNEE2E KT A R
XA HRT, B 5T e A M RS ) 7 vk 32
BRI Fhric R (Pascalineet al., 2015),
W FH G 5 5 2 38 3 o A 41 i (0 2 SR AL i A
Cytochromec oxidase subunitl ( COI ) il Z o {4
b R H M A B L ) Triose phosphate
isomerase ( Tpi ) A7 511745 ( Meagher and
Gallo-Meagher, 2003; Rodney, 2010, 2012;
Nagoshi et al., 2016 ), H 41 ifd 5z () ZekifA COl
FEPEFEF A SNP A 5 122 5 L XS BE g a8 5]
ISR R 1 H B, 0 Tpi 2P T A% 4,
5 FHPAHCH TR, FEARR ALY E IR
LR AR BRI B iR B4 PE (Nagoshi and
Meagher, 2004 ). ¥ 2 Fibric%85E Jr ik A L4
A, HMEUE, nJPAESESS RE AT, A
Wi FIR 2 PRI P 91 430 i A 7 R RN 22
S5 4 BT 2 TR A T 4% Tl B 73 1 A A
M AP AL, BRI AR SR IR 5 8% o ikt
B, O A A AR R BT R B R R A

1 ME5F*
1.1 ik HRiE

ARSI T FH ) R SR R Mk 4 L 35 AR
F 2020 4F 4 A fEfm KR FET- B A ok I
KA, BEIEHE TSR, WA e ORI
A7 RS G 2 e W A TR A 2 E MR, SRR
T 75%iFR T, BT - 20 CIRIRMRAE, T

1.2 ¥ & DNA 285 PCR ¥ &l FF

DNA 25 : ST (2016) Mk, K
F/NRIE B DNA 24 12:( 1% SDS, 50 mmol/L
Tris-HCI, 25 mmol/L NaCl, 25 mmol/L EDTA ),
PEHCA S 2 RS L4 DNA, G—Fa B3
100 ng/uL, - 20 °CARIEIR-AFRH

PCR¥14: S K& (2019) Mk, 41
S COl il Tpi 5 R4 5751 P 6] T B B A i
SRR HATY G . 50 ub IR R . 2xMix
PR 25 pL, EHES I TS 145 2.5 uL;
5.0 uL #£ 5 DNA, ddH,0 #ME o iR £ : 94 °C
3min, 94 °C 30s, 60 °C 50s, 72 °C 50 s,
35 MG, 72 °C 10 min, 1.2%350 5 B F Tk ARG
PCR j=4i% I ifg A T A BRA ®l 47 I0)% o

13 WFERSH

COI JE R34 FIH] BioEdit A4 I
TAFHNER, S PFEE , BRI a7 51,
HAFK N 751 bp EH B ¥ 35 1~ M
GenBank 4 4 25 w0 b 07 Rk 2 Fp A= W L 1y
H (KFEH HM136594; £ KA HM136586 ),
(] Bf AR b 57 1 Bk e 2% F . Spodoptera dolichos
( HM 756086 ); Spodoptera pulchellal HM 756075 );
K47 19 Spodoptera littoralis ( M756074 ); JEWH
ki tH Spodoptera exempta ( HQ177331); Ffk
1% Spodoptera exigua ( HM756077 ); 407k ik
Spodoptera litura ( KJ634296 ) FI #f 4%
Helicoverpa armigera ( KF022224 ) {751 k1 4h
FEXT IR, 31 F MEGAT7.0 #4417 1751 2 3 Lot
SERTURITAN G, L Kimura2 SEBIR
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UPGMA LRI, A7 R, %
R S i DX A AR COl R R AR
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Tpi FEFFFHI4HT: T 3% 2 R A4 gy Rl
Tpi Z£H 751, FF DNAMANT7.0 #4847 %} 1
SYHT, XK R AR TR AULE Tpi e G5 A7
T PBREE2E S, B0 0 A S X T A I e A
#E Tpi LR AP BIE DL

2 GREHSH

21 COl 5 Tpi EEMF ENF
SrRE ] Col Fil Tpi JEH A —XEE R 514

(1) XHE5h DNA i#E17 PCR ¥4, COI & A
PP Z, 770 bp, Tpi JLPY LK
400 bp., 35 (3 FEAT LAY 34 H 2 AN G H ) S5t
(K1, Bl 2), ABFsiksax 35 M4 PCR ™
YA TN 53 40T

F1 #igcolfnTpi EEFREAASIY
Tablel Primersused for amplifying COI
and Tpi gene fragments

5% Primer 5¥1)F51 (5 —3") Primer sequence

COI-F TTCGAGCTGAATTAGGGACTTC
COI-R GATGTAAAATATGCTCGTGT
Tpi-F GGTGAAATCTCCCCTGCTATG
Tpi-R AATTTTATTACCTGCTGTGG

7 8 9 10 11 12 13

- ﬁ-p\------ﬂﬂ-

770 bp

B 1 Hihey il Col ERE Y EmikE
Fig. 1 Amplification diagram of Spodoptera frugiperda COI gene
M: Marker; 1-12: fR#FEA; 13: ddH20 XFHE,
M: Marker; 1-12: Fujian samples; 13: ddH,0 CK.

B2 Tp EEYEE
Fig. 2 Amplification diagram of Spodoptera frugiperda Tpi gene
M: Marker; 1-6: fREFEA,
M: Marker; 1-6: Fujian samples.

TR 2 BRI ORFERIFIEOKRAY ) (1) 4 2%
COI H:HFFH1 5 4 Spodoptera J& it Zk ¥ b
H, DARES RURHIVE R AN R Ge kA (&
3). WK 3 ATLIE, Frfi COl 5 R BUTF 5

22 COl EEBHESH

HRIEAWTFE I 5E 8 A R 35 > COl
JEH P N2 GenBank udli 1 T H A AUER R MY
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A4 2 AN 25RE, AMNEEAREY o —28 ) TOIRE R
k55—, Hrh Spodoptera J& 1 6 AN Rl
TR 4% AR Jm b B S X 20 TS, H b Bl o3

1115 24> A= Wy 70 380 53 R KR R G SN KR 24
Oy o AR RIHE SRR R R Oy — 3, LB
P RGOR R T ORI, AR R ] 48 5E Ty oK

KRS ER A B IX 7, RN —3,

75| Spodoptera frugiperda haplotype RS10
100|! FJ-consensus JKFEE R

FEAL

99 Spodoptera frugiperda haplotype RS2
4 - Spodoptera frugiperda haplotype CS7 :| EHE C
Spodoptera frugiperda haplotype CS1
60 C Spodoptera dolichos HM756086
75 Spodoptera pulchella HM756075

59

Spodoptera littoralis M756074
Spodoptera exempta HQ177331
Spodoptera exigua HM756077
Helicoverpa armigera KF022224

7 Outgroup

30 25 20 15 10 5 0

B3 ET COl EEMBEREMBARBRBESN
Fig. 3 Cluster analysis of Spodoptera frugiperda in Fujian based on COI gene

KAEH Ricestain; Ek& Cornstrain; M Outgroup.

23 Tpi BEETRERE

i DNAMANT7.0 {4, Xf ekt i 518
FOKFERI N E KRG Tpi FE D FE S AT HE X
Br, KEAEEE 35 NHAHE SN G Tpi 3L L7
e —3 (K 4). 16 KRR f o FoKRAY
) 10 A7 2E S s et (/&1 5), fRE R
174 F1 175 {7t 238 GA (/KFEHY ), WA

FE (FEK) M.

SR SIS SN

FJ-consensus GTGAAATY4(CCCCTGCTATGATTAAGGACATCGCAGCCAACTGGGTCATCCTTGGTCACTCTCAACGTAGGACTATCTTC]
S._ﬁ‘ugiperda_Tpi-Corn GTGAAATI®ICCCCTGCTATGATTAAGGACATCGCAGCCAACTGGGTCATCCTTGGTCACTCTCAACGTAGGACTATCTTC

GGTGAGARAGATCATCTTGTTGCAGAGARAGTAAGTACTARACATARATCACATTTATAATATATATTTTIATTCTAAGT YY)
160

Fu Jian #8282 i
(015  1hett B o, it M CGTCAGARAGATGATCTTGTTGCACAGRRAGTAAGTACTARACATARATCAGATTTATAATATATATTTTTATTCTRAGT

Fu Jian i‘gﬁﬁﬁ% AGATACTAATAAGAGTCARATTTCTAGGTTGCCCATGCTCTTGAGTCCGGACTCAAGGTTATCGCTTGCATTGCACACACHZN]
Corn strain EE;‘K@E ACATACTAATAAGAGTCAAATTTCIAGGTTGCCCATGCTCTTCAGTCCGCACTCAAGGTTIATCGCTTGCATTGCAGACAC NN

Fu Jian }E@ﬁpﬁ‘: TCTTGAACAACGTGAGGCTGGARAGACTCAAGAAGTTGTGTTCAGGCACACTAAGGCCCTTTTACCAGCTATTGGCAGCA RIAY)
Corn strain :—Ejkgg TCTTGAAGAACGTGAGGCTGGARAGACTCAAGAAGTTGTGTTCAGGCAGACTAAGGCCCTTTTACCAGCTATTGGCAGCA Ieily)

|V R = = 3 B ACTGGCACAAGGTCGTACTAGCTTATCAACCCGTTTGGCCTATTGGCACCGGAAAGACTGCCACTCCACAGCA) 393
(@5 Rttt W ACTGGCACAAGGTCGTACTAGCTTATCAACCCGTTTGGGCTATTGGCACCGCARAGACTGCCACTCCACAGCA] 393

4 BEEMATE Tp BEENFER
Fig. 4 The sequence of Tpi gene fragments of Spodoptera frugiperdain Fujian

AT (KAL), (HHE 8 MM s ifs A 5 oK
5, SR FUET Tpi S5 BOF 91504 i
AR A TP A B FOK AL, SE RS

Zi4 COl Il Tpi LR ) S g 5, KAH T
A A ) B b DT R IR P R A A R KA AL
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Tpi HH P31
Rice-strain Kfg# C C GA
Corn-strain Ek% T T AT
Flstain f@@MEmR T T GA

TC C TC T
CT T CT C
CT T CT C

5 REEMAETWHEXRIIKBE Tp ERRBESSEMASILE
Fig.5 Comparison of polymorphic sites of Spodoptera frugiperda Tpi gene
fragmentsin corn strain and rice strain

3 &SIt

H 2019 4F 1 H R T ik A AR, Biab
FREESY BOCHIN . SRR T A,
FLAEACZR 0 A v BBl U L o b DRIk A
[ B A R o ra B LR, 24 28°N £
PIF ( Foster and Cherry, 1987) . i+ & [X.
NP ERER, AT 23°% 28°2 00, &
SR S, FE L ER BEAEDN TR SRR 2
SERCHEACEAC Y o D380, REHD BT AT RO A X
WA YE T B R TF BAEY AR 0 ( 22
FHAE, 2019) o R dE R AL IX A = BR TP A K
KL, AT HHE A FPEE S, #0T e R R 7Y
TOIRICE R E WA o B, X5 5 3k A 2
2 R RO AR AT AR R R A S
BiIG U EEEL TR I R b, £ 1A e e A A A
B, BRA ELAE 40 R R AR AL A R B I A A
Hh TRk & R R LR B A B,
FIFH COI il Tpi i R XT 5 b 53 7% s b A 1) A= 4 I
RUEAT 0 P 2 E 75 (Nagoshi et al.,
2016 ), il i A 5T B IR A 43 B & B 2019 4F L Hb
PRI, ATE 2 BT (K Zem
T ) INBA  AHIFSE &% SR I A A b
COIl FE[H 7R /K AERL, 1 Tpi ZEN R A &
KA, IR A A R — 2 B RER, SRR
FEAE B — B KRB R Bl T KA, X5 P [ KR 4 i
X S 30 B B b 5 A 0k 1 Tipi DR IE 7R R 22 ok oK
ARG KRERY, T COl IR BEA K X
FKFRERIAAST ( BHE A, 2019; K& 4%, 2019;
MRASESE, 2020; EAERAE, 2020; W AN4E,
2020 ) fHFH COl FE RS 5 SR 5 50 BrdF 32 &

oK) IEAAETE, WTREZ T COl SEA & T 41 i
JRRAEbRIC, ANBETE A RN A AR BRRAE
e B 5 H e A TR bR e — e A i O v A S 2
AR R LR T R T Tpi JE PR 0 48 2 45 TR 5 52
PrRar FAAE, A Tpi {RFE AL FARICEE A
FH T 55 907 A A R ARSI & T A I
HATE ®IE . AT 2 AR, e SR A A
SR AT E I 2 AN 2 (B AN AE
AFERES, SCHCIG FE AR AR A RN I, U R
TR T REAE Y B R v s IR L A2 B4
X L 5 2 K IV R ) H R s B T Yo TR
BT “ E KA A COKAFEL” I IX A TS
PXE S, AT WA SORAREE S A R SNP
DL BAAE T EAT RS 08, — ELLORETXF 2 Fh Iz 7Y
AYMTI T B ATt , XS 5 A MER P ER RN
W42 = ( Meagher and Pashley, 1999; Levy et al.,
2002; Nagoshi et al., 2008, 2015, 2018; Ffif
&, 2020), BRI, RIRTFETIF R EZ H5EUE P
F BRI ERR IO, BB E N RS
TR, H AN A AS [ 3728 A a2 0 2 )
HH S [R) S R Bt ) 22 S ML 25 ( R AR P55,
2020 ),

SAN, BE SR K RERD Tpi 3K 7 B ut
M IX Ea S AR gtk (AR SRR (T
FENN A, 2020 ), FEHb ORI A% SE X A AR L i
HABR SR B AR A AL A5 A AR, i
AR, AR EMEY, AR ERE
R, SRR IR AN TR Y, (AR TRAT]
A TRy b X KRS 0 = 1, T T
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T AT K K R 7 X R b 0 M 10 R A 4
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R R BT 73T . JInsii LA abe AR R 4 e 4
RN, S S AR L M DX BB AE
PR W) RIS AL R H o AR50 A A R 5 7
IR A MR RT3 T4 A B T 1A HOR IR | gt
RS PERIAS A a3, S ) e il 57 IR AR A%
WEE R R8N, (FOREREA A NS R, A7 2
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