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Abstract: [ Aim] Recent research has found that Spodoptera frugiperda, Spodoptera exigua, Spodoptera litura, and Mythimna sepa-
rata often occur simultaneously in fields. Because of similar morphological characteristics of adults and larvae, it is difficult to differ-
entiate S. frugiperda from the other three species using traditional morphological identification methods. It is necessary to develop a
rapid method to differentiate S. frugiperda from the other morphologically similar species. [ Method] This study analyzed the restric-
tion enzyme recognition sites in the mtCOI ( mitochondrial cytochrome oxidase subunit T) of S. frugiperda, S. exigua, S. litura, and
M. separata. A new forward primer of the target fragment of mtCOI gene was designed, which was used to amplify the targeted pro-
duction. [ Result] In the 556-561 bp of mtCOI segment, Sbf I enzyme recognition site was found in all individuals of S. frugiperda,
while there was no Sbf I restriction enzyme recognition sites in S. liitura, S. exigua, and M. separata. The results showed that the
PCR products of S. frugiperda could be digested by Sbf I, and a characteristic band of 420 bp was found. In contrast, the PCR prod-
ucts of S. litura, S. exigua, and M. separata could not be digested by Sbf I. [ Conclusion] The mtCOI PCR-RFLP technique devel-
oped in this study can differentiate S. frugiperda from the other three species effectively, which provides a rapid method for the iden-
tification of S. frugiperda.
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fL7 2% ;. FH miCOl PCR-RFLP HA Y51 F 3t 57305 A 3 R A5 AR T B ol <17 -

T DT K Spodoptera frugiperda ( Smith) , X
FRBICRE B, J 8538 H Lepidoptera % 1%} Noctuidae,
J = T 58 YN HGHE AN IE BT M X ( Nagoshi et al.
2017b) IEAFR O —FhE R AR F o, 2 [
PRagift  oE 0B B F ZE AUAUA BY RE  B HLT
2016 AEE WAEAE Y 8L, J5 9 B o L R i ok
TR B2 LSO A B RS A1) 4 ) 25 [ 2 (5RO
FE%E 2018 ; Goergen et al.,2016) , 2018 4E4FJFE %
RERAAKE Z R (R, 2019) , b5 75
W B L, HZE 201947 H5 H, B ARKE
22 MY 1128 DEIX G F WAL 55.6 77 hm (L
#AF,2019) , BOHL BT HA Ak OE R 2
RMEVL N BRH ) iR AR L BB 2R, U
FHCE K SR A BAE Y ™ (I HE SR,
2019a) , % 3 [ 3 K S5 AR 922 43 AR 7 R ™ = Bk
Jolb o I, A A5 T2 T R T R M B Rk Y FH TR
A 5 W A SRR P R R

TR de ) PN ) A R B, R L B M L R SR A gk
Spodoptera exigua Hiibner FHAR K Spodoptera litura
(Fabricius) 5 H Mythimna separata ( Walker) # 1%
B R BRI, A% G2 R TE 25 2 S € T 12
BN Z MR R R TR AL SR 4 F e HUR
VA AN BEMER P U (B IFIESE, 2019D) .
WM 12 S R ) 8] e A ) e 5 PR S A 1 TR )
Ko HET P> 758 S IEY 14 R B R E 280
(amplified fragment length polymorphisms, AFLP) (4%
JE R MITKHERR, 2005 ) | B R H ik P S A ol A (-
osephosphate isomerase, Tpi) ( Nagoshi et al., 2012) L)
KSR At 2, R AR AL 7 3 T 3% A (mitochondrial
cytochrome oxidase subunit I, mtCOI) ( h¥:5% 2018,
Meagher & Gallo-Meagher, 2003 ) Jll ¥ 55 7 15, I 4F
>k, PCR-RFLP ( polymerase chain reaction-restriction
fragment length polymorphism) ( Z& [l %5 ,2013) .SCAR
(sequence characterized amplified region) ( X1 i 5%,
2009) 25 J7 L H HI TR R A5

AT E JE N FOIF X TR B S R
PR RS0 M K HL ) miCOl Kk ] 81 (2
2019 4F 6 H 19 H) , k7t 1 5 5T A K miCOl
B PSRRI A T E T REIX AriZ LS H
fiby 3 o HOAG BBV A, AR5 AR miCOT £E A
H R Be ik g iy b 51 ¥ JF #47 PCR-RFLP
BAE, 45 R KU A mCOl PCR-RFLP J5 % 1]

PRURE B SR A 3 AN S AT B o
T o AT 2R I AR AT e 5
AP S B I T 0%
1 #MR5FEZE
1.1 mtCOI EE 75 T 5Lt 3 R BgYI L = 53 47

MR [ G E AR B 0 (National Center
for Biotechnology Information, NCBI) T £ Hi 57 7%
85 (362 4%) RS ACIK (387 2%) (ARHEUR K (116
Z) it (200 2% ) (X mtCOL % PR 47) (22
2019 4F 6 A 19 H) , KERAF A A BRI A R
i 75, IR P i 22 A% 14 )5 51, B FH KA DNAspS
Gy 50K 4 Fh B AU mtCOT 7 81 U5 R AN 6] 11 A% A
o', FIHEAME MEGA 5.05 ¥ F #3519 7
B DL&R 2 v (neighbor joining, NJ) FEAR % HKor T E
{5 BE AT 1000 Y E 524G 26, I3 5 43 7 e 47 1)
0351 FE RSB 2 S 4 RO [R) R B ol AN 805% T
FPoVE, R 8 53 B 45 2R 0 i) Y 7R g 5 1l 57 0 1K
TSRO RO KL 4 B E AT miCOl
B FFIAIH MAGE 5.05 #E47 H 430 i i il 1)
D SIE AL T 5 (http: / www. novopro. en/tools/
rest_summary. html ) XJ B 1 57 7%k mtCOL 5 [H /7 471
PEAT R 1 P DR 5 20 A, 1 — 2D i e W LA DX o3
M B S A 3 AR S AR B R A D) A
1.2 mtCOI £EFF 5 B R B 5t

28 NCBI P R U B B 23 i HUA) miCOl
B PA), LAALE Shf 1 BEYIAL ST 51 A A,
H B %5 (http: // primer3plus. com/cgi-bin/dev/
primer3plus.cgi) X} H B 7 Beisc it 514, Horb b &
5149 5’-ACCWTTAATATTAGGAGCY CCWGA-
37 PRI 535 B 43 BT meCOT ik PR P 91 2K 3 B 25
X 36 bp , Joik BT T 52 30 FML AL 45 2R 59 F 17 5
Y, LN Ti7 51 9 B4 A Nagoshi e al. (2017a)
SEH b BT B9 R U T4 (5'-GATGTAAAATAT-
GCTCGTGT-3") . By YK 672 bp, 4
PCR e, X5 W] LLS3 531 %ok e 3 5 732 0k TR S
I ARHSUR I RS A miCOT 56 (K J3 51) #E 17 2%
P,
1.3 HARREREEH DNA ZE

JRAFEMIRT 2019 4, G045 F 0 50 O
S RE | BT O R AN R ST R H IR A
TE RSB T B R AE RSO AR MR RSO
U R FPAE ORGSR R AREFORS He B AR 8 A4
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PR, MEEASFIRE D REALIEEL 3 Sk, SR IR L HUAR
& DNA, A & DNA A9 $2 BCR A TIANamp Ge-
nomic DNA Kit ik#| &1, PRSI AR S FH VR T
J& , F BRI P A TR SR E S DNA
1.4 HBYH B # mtCOI PCR-RFLP

XF mtCOI H 1) i Btk F TaKaRa Taq fif§ i 17
PCR ¥4 ,PCR ¥ Hi R R 4R (13 pL) : DNA #%
M2 L, E RS #4% 0.26 wL, ANTP 0.26 ulL,
TaKaRa Taq i} 0.13 pL,10xPCR Buffer (Mg™)1.3
plL,ddH,0 8.79 wL, PCR JZ B FEJF .94 °C #iAE 5
min, 94 °C7ZEME 1 min, 50 °CiB K 1 min,72 °CZEff 1
min,72 °C FE A 7 min, 3t 35 /I\?)ﬁﬂ:, YR EBeh
672 bp, MR miCOI £ [H 541 PCR § 14 7=
WAL 24 ASFEARSE ALt SR DR A BR A w1
¥ S5 T Fh S FF 543, A& PCR 3
Syt — 2 BRI N VI Sbf 1 i#E17 g Y), J5
i 2.0%EBEWEEE B UK RIS T 43 BT R G
FL Yk 2
2 HRES
2.1 mtCOI EEFF 54

M NCBI #0882 F 48T 2019 4 6 A 19 HAT A
TS P 1, 5 7 M R R AR M | AR SR e A L
N mtCOL FEH 73, R b 53 7% ik 5 Hofth 3 A
AR A 5 B A B AR P8, 28 mt-
COT FE [R5 81 28565 55 Wi 18 2 B 5 A AT 08 B8 2 B 538
bp , B 415 3B 53 77 5k miCOT F K 51 GU439148.12
H:iF Y 538 bp, 41K : TATTGTAACAGCCCATGCTTT
TATTATAATTTTTTTTATAGTTATACCAATTATAATT
GGAGGATTTGGAAATTGACTTGTACCTTTAATATTA
GGAGCCCTGATATAGCTTTCCCACGTATAAATAAT
ATAAGTTTTTGACTTTTACCCCCATCTTTAACTTTAT
TAATTTCTAGTAGCATTGTAGAAAATGGAGCAGGA
ACTGGATGAACAGTTTACCCCCCCCTCTCCTCTAAT
ATTGCTCATGGGGGTAGTTCAGTAGATTTAGCTATT
TTCTCACTTCATTTAGCTGGAATTTCATCTATTTTAG
GAGCTATTAACTTTATTACCACTATTATTAATATAC
GATTAAATAATTTATCATTTGATCAAATACCTTTAT
TTATTTGAGCTGTAGGTATTACCGCATTTTTATTAT
TATTATCTTTACCTGNTTTAGCTGGAGCTATTACTA
TATTACTTACTGATCGAAATCTAAATACATCATTTT
TCGATCCTGCAGGAGGAGGNGATCCTATTCTTTATC

AACATTTATTT,

FIHE A DNAspS 7351144 4 FpE 5 mCOl Ji
G R AN [ A RS R T 4 5, X3S miCOT 2 K]
FESFI R MEGA 5.05 #E4T & Ge i & B 40 B 4
WA (1 1), 43 545 21 b 07 7% ik Bl SR
i AR SR kG B miCOT 2 K A 117,281,
101,56 %,
2.2 mtCOI BBV = 43 47

I EEYI A S A TELR T Chttp: / www. no-
vopro.cn/tools/rest _summary. html ) %} tt - 4845 tH .
Nagoshi et al. (2017a) b N5 #3Kk45 811 bp 1Y
mtCOl F Bt (& 2) , i B b 5T 0k AR 78 1% R Bt
) 556 ~561 bp Ab¥IF7AE Shf 1 PNV EFEEDI 5 (£
1), PRI S B 70 v BT A 55 B miCOl 356 A ) 91 5k
2, A 2 A R P 51 HiAh 3 FOE S
AT B S TC Shf T VI (81 2) o 1 57 12 ik
PCR /#1285t Shf 1 N YIEGREG Y], AT 21 420 bp £°
AHRRAEA s RHECR e B ik KGR R4 AN BE
B Sbf T NYIREGREG]
2.3 mtCOI EEFF 34

AR L HOR SRR i A BRI R R REHILE H 3
L HEFT miCOL 3 7, Je13 5] 24 X075, R4
BB H0E T AR 9 A B ST A 3 AN
SR 6 RSO AR S 6 AR HLAS A
XTHE i 1 mtCOL J AP 916t LU 3 A &2 3R, Nagoshi et
al. (2017a) L5934 811 bp 1Y mtCOI v
556~561 bp &b, BT A b ST A (9 ASAMER) 1)
mtCOI J: A 3 17775 Sbf T Bz 5 ( H. 561 ~811
bp [IXIAFEALERC BRI 5) , HoAx 3 SR e A A
TR (15 D) FEICAL I Shf 1 REVI 5 (FF 2) .
2.4 EF mtCOI PCR-RFLP £E X5

BT L WES 15 R S | A A T g Skt
M BRI 5 ISR SO e R R AT A R
PH(E 3) , Bl 4 R KR SR PCR 473
TV Bk, 45 R B— 4% 420 bp ZE 45 R
Tl 3 Hofth 3 FRIE S AT B U PCR 334 7= i)
Je LUK B RRAE Y . P, miCOT PCR-RFL
BT LA X 3 B 1l 53 7% 5 At 3 R S I
B ELIE 420 bp 2247 BUAFAEAT | B R 55 b 57 72
W s )22, W HAh 3 IS AT B 0
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Fig.1 Phylogenetic analysis of S. frugiperda and other three species based on mtCOI gene

4 HimyCOIF 41
Analyze mtCOI sequence
SR S. frugiperda °
: Jrusip 556~561596 811
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Fig.2 Distribution of Sbf I recognition sites
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The black circle indicates Sbf I recognition site, and the gray box indicates the unknown sequence.
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Table 1 Distribution of Sbf I recognition sites in S. frugiperda and other three species
Yrkh LR il GenBank . LY/E gAY GenBank .
A, Number Shf 1 L. Number Shf 1
Species Haplotype £ miCOl Example of recognition Species Haplotype of miCOI Example of recognition
GenBank No. : GenBank No. N
sequence sites sequence sites
B 5 H1 1 KM362176.1  556~561 || At H1 1 MH900448.1 -
S. frugiperda H2 1 HM136589.1 556~561 || M. separate H2 1 MH900385.1 -
H3 27 HM136590.1 556~561 H3 1 MH900383.1 -
H4 1 HM136593.1 556~561 H4 1 MH900390.1 -
H5 1 HM136594.1 556~561 H5 2 MH900392.1 -
H6 1 HM136595.1 556~561 H6 1 MH900394.1 -
H7 1 HM136596.1 556~561 H7 1 MH900396.1 -
H8 1 HM136597.1 556~561 H8 1 MH900396.1 -
H9 1 HM136598.1 556~561 H9 2 MH900454.1 -
H10 57 HM136599.1 556~561 H10 1 MH900451.1 -
HI11 1 HM136587.1 556~561 HI11 1 MH900444.1 -
H12 1 GU094756.1 556~561 HI2 3 MH900442.1 -
H13 1 HQ964527.1 556~561 H13 4 MH900425.1 -
H14 1 MK368810.1 556~561 H14 1 MH900420.1 -
H15 2 JF854746.1 556~561 H15 1 MH900419.1 -
H16 1 MH639004.1 556~561 H16 4 MH900417.1 -
H17 1 MH639006.1 556~561 H17 1 MH900416.1 -
H18 1 MH639007.1 556~561 H18 3 MH900414.1 -
H19 1 MH639008.1 556~561 H19 1 MH900413.1 -
H20 1 MH753323.1 556~561 H20 1 MH900409.1 -
H21 1 MH753328.1 556~561 H21 1 MH900400.1 -
H22 1 MH753331.1 556~561 H22 1 MH900430.1 -
H23 12 MH819361.1 556~561 H23 1 MH900445.1 -
BB H1 89 KX861832.1 - H24 1 MH900436.1 -
S. litura H2 1 KJ940206.1 - H25 2 MH900439.1 -
H3 6 MKO000729.1 - H26 1 MH900422.1 -
H4 1 KJ634304.1 - H27 1 MH900423.1 -
H5 1 KJ940207.1 - H28 1 MH900408.1 -
H6 1 MK491175.1 - H29 1 MH900407.1 -
H7 1 KJ940213.1 - H30 1 MH900407.1 -
H8 1 MG954451.1 - H31 1 MH900438.1 -
TR 3 H1 40 JN290214.1 - H32 1 MH900440.1 -
S. exigua H2 9 JN290213.1 - H33 2 MH900427.1 -
H3 183 JF853552.1 - H34 1 MH900440.1 -
H4 42 HQ991416.1 - H35 1 MH900412.1 -
H5 1 KY407742.1 - H36 1 MH900410.1 -
H6 1 KX045943.1 - H37 1 MH900446.1 -
H7 2 HM756077.1 - H38 1 MH900406.1 -
H8 1 HQ950504.1 - H39 1 MH900404.1 -
H9 1 KF522650.1 - H40 1 MH900403.1 -
H10 1 HM756078.1 - H41 1 MH900402.1 -
H42 1 MH900401.1 -

14 H K A Br Amplified fragments
R S. frugiperda

1 140 556~361 811
Bzt i 514 New design formard primer

EHEEIR, S. exigua

1 596 811
RGO S. Tiitura

1 596 811
K5 H M. separata

1 596 811

B3 #git sl maE
Fig.3 The position of the newly developed forward prime
A R R BEUI AL R K TR AR ANF I,

The black circle indicates Sbf I recognition site, and the gray box indicates the unknown sequence.
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fL7 2% : A miCOl PCR-RFLP HA Y51 F 3t 5730k 5 At 3 R A5 AR T B ol - 21-

M1 2 3 456 7 8 91011 12
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B4 FEiEESHi 3 #MKASMEIER R mtCOl PCR-RFLP Bk Ei%
Fig.4 mtCOI PCR-RFLP pattern of S. frugiperda and other three species
M:Trans DNA Maker I (700 bp) ;A:1~3 SR H ST M B TR 4 ~ 6 S RE ML AR F IR FIRE 7~ 9 Sy B M S0 70k H BRI AE
10~ 12 S FISRBCIETT B FPaE . B:1~3 RIS ARANHE 4~ 6 SRR T RO RF
7~9 R TE R 10~ 12 oKt B AR
M Trans DNA Maker I (700 bp) ;A: 1-3 are Qingdao populations of S. frugiperda, 4—6 are Yuxi populations of S. frugiperda, 7-9 are Rizhao
populations of S. frugiperda,10—12 are Qingdao populations of S. exigua. B: 1-3 are Guangdong populations of S. litura, 4=6 are Jinan

populations of S. litura, 7— 9 are Jinan populations of M. separata, 10—12 are Qingdao populations of M. separata.

3 itig

AL, R 18 S RPN 5 A R T SRR A
YA e s 1 T e R L, ROz R NIR
AFREAR A, B 5 SR R S05 Al L i) 4
K Rt R K RS TE A FRIE AR T (T 4F, 20165
Yin,2010; #% ik Fd 25, 2019) , H &) Sy 2 45 o5 4 A
(FIFAESE,2019b) G RIE A= %08 T a2 5| i
ASERH AR 2 55X 3 A H F 2R VE, A hg
Xof A THERG RN DRI, 6T bl Ak G 8 o
HBFEA TR TR DRTH S Y bR 7 A R B 7 Mk
NAZ X i AT W | T 7 3 0 DG B, LA
IR ORISR

T, 7T R FH TR e 1 oy T AE W 2E R Oy
BARZ 4 AFLP (#JK & FISK HER, 2005) . RAPD
(Qiu et al.,2003) SSR( T /R H5 ,2018) &5 {Hi&iX
SEH AR ST T A | R RE R X A 1 At —
2 PR R PR L ICHRAR B T, T PCR-RFLP AR BA
P R TR B SRR (B A, 2012) , 2
FEl A2 2R FH ) — Tl B o 255 ol 38 5 3 12
YT B, ASBIFGE X B 5 B oA 3 A A
FAAT M H E HAY miCOT 3 K ¥ 5 404 & B, BT A5
L MR TE 556 ~ 561 bp AbYIFEAE Sh T VI
A5, T At 3 7 o 359 T il VD A7 A58, S 50 . i 51
PR F R S | 4 R 5 | 7E 5 B 1 i A i
SR RSO M RGBT A REHEAT A ARG R
Sbf I V£ NI PCR-RFLP J7 92 AT LA % 51 55 4
TR A 3 FPOR A AT S R

AT, o1 TSR RSO A B mt-

COT 1E At F - BEiY 596 bp Jia AR AT, 2548 I 5 4775 il
YI7 s LUK SR A nT REH B 1 45>457 bp FI1 1
25<216 bp 11 2 57, LEIEAT R0 50 i 114 B 7 22
TERL, BRAN AR 5% (00T B 1 £ 18 3k I Bl S 7 ik
RGO I R B miCOT LK B AUFE SR T T X 1
SIHT, WA AE LA, ] BB 52 3% B R 19
HH 0 T % H A R atE A T RAIE

BriGt. B h RBT R I AR SRR AR e 0 AR 1 R
LIfFrRLSAhFre sttt ARALL
MR EGITAAR

S 3k

TS, T, BOFE, F K, HHEAE, 2018 HTEEA
$5 S PE SSR FES I 52 PCR SEEJrE. B A R R F IR,
55(4) : 759-765.

SRHAE, TR, EIRE, 2019a. BUHD TR YA M2 |
KA I B, R R & SR, 56(3) ; 361-369.
IR, BORMS, Kk, skEar, UK, TRE,
2019b. HHL ST IRIE A HRRIE K 5 3 Fh K F O F R AR 1

TESAHT B H R R b, ik dr, 45(2) ; 7-12.

AR, B, MRSk, kg, THRE, 2018 B ER
PEE R TR AR T E. AR, 44(6) : 1-10.

X8, 7T, akEESS, 2009, n) TSR0 EUH A E Y
SCAR 7> THricHAR. % & 54, 52(8) : 895-900.

WG, AN, EER, ZECE, B, FHitig, 2016. #h
MUY R HUE SRR LR, M4, 42(4) ; 142-146.

O, e, e, Rk, e, S5, xIEE,
2018. FLFLRLIR COI FEH PG 44 Fh &M T4
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Ak, BREHE, RhKER, 2019. FRIE =0 07 50 gk A2 5K 3
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WIRE, SKAEMK, 2005. AFLP 7 B HUZR e 7 AT 58 H B .
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B, PAEW, IVINE, B, 22X, =LY, 2019.
B3 DA M AR SO I A T SRR A 2 o) P LA
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