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Molecular identification of Spodoptera frugiperda invaded in Fujian province
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Abstract  Spodoptera frugiperda is a major migratory pest that FAO has warned about it. It invaded China in Jan-
uary 2019 and spread rapidly. causing significant economic losses in China’s corn planting areas. In this study, the
molecular markers of mitochondrial cytochrome C oxidase subunit [ (CO [ ) and triose phosphate isomerase ( Tpi)
located on the Z chromosome were used to analyze the population genctic characteristics of 84 S. frugiperda sam-
ples collected from Fujian province. The results showed that only 3 samples from Shaowu and Jianyang of Nanping
county were identified as corn strain, and the other 81 samples were identified as rice strain by CO | gene. When
using Tpi gene as marker. though three gene types including “AT” and “GA” or “AT/GA” at position 174 and 175
were identified, all samples were corn strain. Fujian province belongs to subtropical monsoon climate area, and
corn is planted all year round. S. frugiperda can overwinter here. This study used two molecular markers, CO |
and Tpi to identify the biotypes of S. frugiperda. The results provided a basis for the monitoring of the source of
fall armyworms in tropical and southern subtropical regions, and accumulated preliminary data for the genetic
tracing of the invasive pest.
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Table 1 Information of Spodoptera frugiperda samples used in this study

FE 25 SR AEHh RAEMS ] /4E-H -H RAE aFE Ko/ Sk
Sample code Collection site Collection date Stages Host Number of samples
MHYL A I B LT LA 2019 -06 - 28 #i 5PN 6
MHDH e ) AT 2019-07-14 4yt EX 5
CTSS TS B PR B 2 A 2019-07-17 A HL 4 E/S 9
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Fig. 2 Comparison of polymorphic sites of Spodoptera frugiperda CO | gene fragments between corn strain and rice strain
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Fig.3 Comparison of polymorphic sites of Spodoptera frugiperda Tpi gene fragments between corn strain and rice strain

3 HZit5itit

H 2019 4£ 1 A S ST AR e =452 —
A PRAMD AR AT IR AN AR B AR ST, H b
TR 320 R I B OK A 7 ™ A R
Rt e Ho e 7= AR A A B, an s HRE A
AT CH ST AR R £ Mk A TR Y E TR S
TEE R X A 252 AR 2 A R A
FEILA P 7 25 AR L0 R R S A T LB iR
JEHEEL,

g CO T Tpi FelA 3 FHric X & A
FE X 10 B DO B 84 45y 3 1l 57 32 MR i 114 R4S
RIEAT T 0. 5 R BR, 3T CO T %L R,
3. 57 WHREAS g KT, 96. 43 % MY FEAS Ny 7K R Y5
3T Tpi BSE SR TR T A FEA I Ry F KA,
ARSCHIBIEST 45 5 5 ke 2 S5 1 v R ) i X5
TR R APRE A ) B oy TR AR S BT 45 SR O TR K
CO T JEH 96 %6 LA_E R /K R AL, F ORI | LA 2]
AVo FEF Tpi L 5B &5 R T A FE 58 B oK
) S — B0 s 55 A T IR A ) AR O R B
TR IBRAL TS SR GE T CO 1 FEH LR B o7
TIRREAS 86. 23 %0 JE /KR, 13, 77 %0 J& T KA, 36 F
Tpi FER T A A b A E KD 1 36 A — 2(; Nagoshi
L2018 AR SR A T A0 RE AR (10 4G T 455 SR b 2 T
I, SEOFP I TARIC B %8 45 R A — S0 JE R ]
REJE: ZW AIMET e e AL 1 R b SRR CO T Je2k
BRI ARG H Tpi BT Z Jetafi, H
VARSI 750 11 2 b 5 12 B 22 1B A A7 4 68 114 24 5 T

B AR T AR AR XA b TR R
WVFAFTEARIEE AR » RIS P~ 11X 1 5 b, 57 13 B R
A LA b X Y B 53 B AR B AR AN ], X 5
HIA O T B b 9 2 M A {2 3% [ ] RE A7 75 A [A] 2%
B R 4 R — 2

FL I S ARRAE AR EAR AR 2L (FAO) 23K i
B CHF L R Iz . T EKRALS
TKFE Y Z [RIASAFAE 248 %67 1Y) A6 T B 8 HH ) 28 S 2 28
ST R M TR R 1) 35 4% 52 24, Nagoshi 8852
HIBIF 5T 26 I, PO P2k A0 St 27 2 i AR 4 CO 1 Fpf Y
HIR B AN ] T oK Y 2l B 7 i SR 4 43 S “FL ALY
FCTX B ARG Tpi HAE AU A [A] K AL RE
5T Bk AT 40 4y R ¢ Tpi-Cal 1 (MG603702) .
“Tpi-Ca2 K17 (MG603703) F1“T pi-CaH KI7E2) B
—FHE R I 2E 45 2 i st A 5 3B 1T R b 5 1
WA PR A KA T X P RE L 2 S BOL i
AR AMEIR R Z — . BETE N 25 R UR
TR ] ) R 5 A B Ol A s R e ]
REFETEZLACR S (H 5 30 e AR TR AN — 4, A
R IA AR S84 TE B BT B AR S8 2 B ¥ 2 b, 57 7 ik
(PSS inpi N

AL CO 1A T pi A3 FFric i A I
SEIEFA A=A A XA R SRR 94 20 DA B
IKFE BRI BEAR 5 FARBIACA 8 e AR AT R B A &
FORRIF T Mk . F /KRS RS RO R R b 977
L OE R i AN & S AN e =% < 1 DN S U VA e
ARTR)E S0 KRG TR N T K TR SO A 4 o) ) A B B
B RIS PR KRR AT e fREA N



46 B2 4 W

EMEANEE AR AR A TR 3T « 193 -

P AT 28 U DX K KRR H R S 1 A 2 AR 1
AT AL 2 M 5 M R SR T ) B A L T
A 3t 5% M 0 R AR ST KB AT E 2 R
TE o ARBTTER G ST BRI > T4 E A B T b
FORUE . T i Hast AL Rr I L e A= s 4555 Rl 2 24 iy
e [ 4k R 2 I B 14 et S B AR R g AL BT AR
BRI s PR R R AR R

[1] HARRISON R D. THIERFELDER C., BAUDRON F, et al.
Agro-ecological options for fall armyworm (Spodoptera frugi-
perda J. E. Smith) management; Providing low-cost, small-
holder friendly solutions to an invasive pest [ J]. Journal of En-
vironmental Management, 2019, 243. 318 - 330.

(2] ZEEIE, XA, BIRE, 4. 2019 4R FE TR0k 8o &
MADINLT ], A RS, 2019, 45(6): 10-19.

[3] ZEF. B4, HER, % B ST e K™
WIEA TR AN, YIRS, 2020, 46(1): 69 -73.

(4] fT2Att, WAE, 3005, % ZRUR PR STRORIX B 5 22
T/ ZGRAFMNELT] M-I, 2020, 46(2): 287 - 288,

(5] ity @XMEbel, SeALWL. ot 5 00 Sk R o 35 6 A B 5
0. KRy, 2020, 46(1); 28~ 33.

[6] RWOMUSHANA I, BATEMSN M, BEALE T, et al. Fall
armyworm: Impacts and implications for Africa [J]. Walling-
ford: CAB International, 2018 1 - 53.

[7] JACOBS A, VUUREN A V, RONG I H. Characterisation of
the fall armyworm (Spodoptera frugiperda J. E. Smith)
(Lepidoptera: Noctuidae) from South Africa [J]. African En-
tomology, 2018, 26(1): 45— 49,

[8] PASHLEY D P. Host-associated genetic differentiation in fall
armyworm ( Lepidoptera, Noctuidae): a sibling species com-
plex? [J]. Annals of the Entomological Society of America,
1986, 79(6): 898 —904.

[9] PASHLEY D P. Quantitative genetics, development, and physio-
logical adaptation in host strains of fall armyworm [J]. Evolu-
tion, 1988, 42(1). 93 -102.

[10] PASHLEY D P, HAMMOND A M., HARDY T N. Repro-
ductive isolating mechanisms in fall armyworm host strains
(Lepidoptera, Noctuidae) [J]. Annals of the Entomological
Society of America, 1992, 85(4): 400 —405.

[11] STORER N P, BABCOCK J M, SCHLENZ M, et al. Discov-
ery and characterization of field resistance to Bt maize: Spodopt-
era frugiperda (Lepidoptera: Noctuidae) in Puerto Rico []J].
Journal of Economic Entomology, 2010, 103(4): 1031 -1038.

[12] BANERJEE R, HASLER J, MEAGHER R, et al. Mecha-
nism and DNA-based detection of field-evolved resistance to
transgenic Bt corn in fall armyworm (Spodoptera frugiperda)

[J/OL]. Scientific Reports, 2017, 7(1): €10877. DOI; 10.

1038/s41598-017-09866-y.

[13] CARVALHOR A, OMOTO C, FIELD LL M, et al. Investiga-
ting the molecular mechanisms of organophosphate and pyre-
throid resistance in the fall armyworm Spodoptera frugiperda
[J/OL]. PLoSONE, 2013, 8(4): ¢62268. DOI.:1371/journal.
pone. 0062268.

[14] YU S J, NGUYEN S N, ABO-ELGHAR G E. Biochemical
characteristics of insecticide resistance in the fall armyworm,
Spodoptera frugiperda (J. E. Smith) [J]. Pesticide Biochem-
istry and Physiology, 2003, 77(1): 1-11.

[15] MITCHELL E R, MCNEIAL J N, WESTBROOK J K, et al.
Seasonal periodicity of fall armyworm, (Lepidoptera: Noctu-
idae) in the Caribbean basin and Northward to Canada [ J].
Journal of Entomological Science, 1991, 26(1): 39 - 50.

[16] WESTBROOK J K, NAGOSHI R N, MEAGHER R L, et al. Mod-
eling seasonal migration of fall armyworm moths [ J |. International
Journal of Biometeorology, 2015, 60(2): 255 — 267.

[17] JUAREZM L, MURUA M G, GARCIA M G, et al. Host as-
sociation of Spodoptera frugiperda (Lepidoptera: Noctuidae)
corn and rice strains in Argentina, Brazil, and Paraguay []].
Journal of Economic Entomology, 2012, 105(2): 573 — 582.

[18] NAGOSHI R N, KOFFI D, AGBOKA K, et al. Comparative
molecular analyses of invasive fall armyworm in togo reveal
strong similarities to populations from the eastern united states
and the greater antilles [J/OL]. PLoS ONE, 2017, 12(7).
€0181982. DOI: 10. 1371 /journal. pone. 0181982,

[197 NAGOSHI R N, MEAGHER R L. Using intron sequence com-
parisons in the triose-phosphate isomerase gene to study the di-
vergence of the fall armyworm host strains []J]. Insect Molecu-
lar Biology, 2016, 25(3). 324 - 337.

[20] k&, BFOAHE, SKPHT, % AR BUIRA T T 542
(1. M, 2019, 45(2): 19 - 24.

[21] sk#, MDY, LR, 5 v AN ) M DX 3 5 0 AP A A 4
RS FHRAAESIHTLT . AEHIERAF . 2019, 45(4): 20 - 27.

[22] FRmige, A, JRBtd, 5. ARZHUE R TR g 1%
SAHEL) ] AP, 2019, 45(5); 47 - 53,

(23] EfEmE, Fhmar, &5, & ARIE PR =48 E i o0k
PR B A% TR0 TR0 AR 35 4% 45 4 43 AT L 1. A B Al KA % 3R
2020, 41(1); 9 - 16.

[24] BRET- BRAREE, R, 45 AN - FARC SRR M
SR F R . AR A R R, 2020, 41(D) .17 - 21

[25] LEVY H C, GARCIA-MARUNIAK A, MARUNIAK ] E.
Strain identification of Spodoptera frugiperda (Lepidoptera:
Noctuidae) insects and cell line; PCR-RFLP of cytochrome oxi-
dase C subunit | gene [J]. Florida Entomologist, 2002, 85
(1): 186 - 190.

[26] INARER, SCHTE, ZR4K0%, S5 ] AR RE X 0 b B 7 0k R 5 M A
I C)]. BREBEE B, 2019, 41¢6): 1155 - 1162.

[27] XHUR, EEM, $hFal. RO pOgedr oy E gD ] M
P, 2019, 45(6): 90-91.

(T4 209 5O



46 B2 4 W

W 4555 O 1A Ay BB A AR S SO A A T L T 8 B A ) 2 e

+ 209 -

SE AR FH ] A 2R A BH S e 2 AT H IR o A
AR AR R B . AR SUIGE T 2016 4F 3 A
DU Dy B i SO I I A TR 9 2 4G
R BEE A RR TR XA B R AT TR
FE. M 2015 4F 10 A 5] 2016 4F 3 A Wila] & A5 R4
DN I MR Ry 26 B ] 2015 4F 10 H 473 3 3 i <
i 23. 6°C PR AR N 16. 6°C5 11 A FE 5w
il 17. 2°C P B <R 12, 6°C. 10 A AN
11 H R ARG AT B SRS (2 S s I A il &
A, 2016 4F 1 H O BT iR lRkis 5 —2°C.,
DEIIRE 2 SO A I ) AT LA 32 0°C LR IR 2=
AE—2CRYR B ] LA, 2015 4F 10 H 31 2016
4 3 A IIE] 0°C LR KA D » 0 i Se ) 6
B RAE TAHFIZEAE. I 2015 4F 10 H 5] 2016 45
3 AR 1/3 ] K Ul AR i SU
MR R A S 18] AT AT 52— RE IR K R0 . A A e
WREE 1 AR AN T

ARSCIR AL (] e PR A S5 3 H A I 4 1] &
DN G S o LAY A TR IR SR ) i
AJE I A TRV BN 3 A4 H Y
Py s SRS » AT 20 A 17 3l T A S SO s U
AR MR R0 A BUAE 20~ 24°C 2 F P AR S0
B PR O SO R A O . Y
FEARIA Y )1 45 D B AR B SCNAG B ] DA SR B A
bR A, A HUIRBCR R 2 R o F R 2 1 AR A
Wit o A SO SO . SN I ) 000 AT ATy
ERAEETL.

S22 3Lk

[1] CHEN Mao, SHELTON A, YE Gongyin. Insect-resistant geneti-
cally modified rice in China; from research to commercialization
[J]. Annual Review of Entomology, 2011, 56; 81 - 101.

[2] ZHANG Qifa. Strategies for developing green super rice [ ] ].
Proceedings of the National Academy of Sciences of the United
States of America, 2007, 104(42) . 16402 - 16409.

[3] DE JONG P D. Effect of folding and feeding by Cnaphalocrocis
medinalis on photosynthesis and transpiration of rice leaves [ ] .
Entomologia Experimentalis et Applicata, 1992, 63: 101 - 102,

(4] BFRZ KFEERIML J0a P EL L. 1996,

[5] BARRION A T, LITSINGER J A, MEDINA E B, et al. The
rice Cnaphalocrocis and Marasmia (Lepidoptera: Pyralidae)
leaffolder complex in the Philippines: taxonomy, bionomics,
and control [ J]. Philippine Entomologist,1991, 8; 987 —1074.

(6] BWE, LR, VP, 5. rb E KRS 0 By 4 B R
JELT]. AR, 2015, 42(5): 691 - 701,

[7] HINCKLEYA D. The rice leafroller, Susumia exigua (Butler), in
Fiji [J. Journal of Economic Entomology, 1963, 56(1):112 - 113.

[8] ARIDA G S, SHEPARD B M. Seasonal abundance of rice leaf-
folder complex in Laguana province, Philippines [J]. Journal
of Agricultural Entomology, 1986, 3: 382 - 383.

[9] CHATTERJEE P B. Rice leaffolder infestation in West Bengal
[J]. International Rice Research Newsletter, 1987, 10; 9.

[10] KHAN Z R, BARRION A T, LITSINGER J A, et al. A bib-
ligraphy of rice leaffolder (Lepidoptera: Pyralidae) [J]. Insect
Science and its Application, 1988, 9(2).:129 - 174.

(110 Wt TR R, FE AN E T e A R DF R L) ] BRR
FIR, 1984(3): 106 - 110.

[12] Wl s, folk Bz IMIL B ERRIEHORIGARL . 1982,

GtHEZ 4. W)

45 193 5O

[28] NAGOSHI R N. GOERGE G, TOUNOU K A, et al. Analy-
sis of strain distribution, migratory potential, and invasion his-
tory of fall armyworm populations in northern Sub-Saharan
Africa [J/OL]. Scientific Reports, 2018, §(1): 3710. https: //
doi. org/10. 1038/s41598-018-21954-1.

[29] DUMAS P, LEGEAI F. LEMAITRE C. et al. Spodoptera
Sfrugiperda (Lepidoptera: Noctuidae) host-plant variants: two
host strains or two distinct species? [J]. Genetica, 2015, 143
(3): 305 - 316.

[30] LI Xijie, WU Mingfei, MA Jian, et al. Prediction of migratory
routes of the invasive fall armyworm in eastern china using a
trajectory analytical approach [J]. Pest Management Science,

2020, 76(2): 454 — 463.

[31] REkHE, ZFEIE, SALUT, B SR04t fa) sl P A o B (1
BT AR, 2019, 45(2): 1-6.

[32] NAGOSHI R N, SILVIE P, MEAGHER R L. Comparison of
haplotype frequencies differentiate fall armyworm ( Lepidoptera:
Noctuidae) corn-strain populations from Florida and Brazil [ ]].
Journal of Economic Entomology, 2007, 100(3); 954 — 961.

[33] NAGOSHIR N, ROSAS-GARCIA N M, MEAGHER R L, et
al. Haplotype profile comparisons between Spodoptera frugi-
perda (Lepidoptera: Noctuidae) populations from Mexico with
those from Puerto Rico, South America, and the United States
and their implications to migratory behavior [J]. Journal of

Economic Entomology, 2015, 108(1) . 135- 144,
(iR £ )





