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Virulence and genetic variation of Autographa californica nucleopolyhedrovirus

under selection pressure of Spodoptera frugiperda
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Abstract: Spodoptera frugiperda (J. E. Smith) , native to North America, has invaded many regions in
China, causing enormous ecological and economic losses. Baculoviruses are pathogens of lots of insects,
which are safe to non-arget organisms with potential application as a biopesticide. Application of
baculoviral insecticides can greatly slow down the resistance of S. frugiperda to chemical pesticides.

Previous studies had found that although Autographa californica multiple nucleopolyhedrovirus infects many
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lepidopteran species, it was less effective against S. frugiperda by oral infection. Screen of virulence—

enhancing variants was an attractive option to improve the application of AcMNPV as a viral insecticide. In

this study, wild-type AcMNPV was serially passaged 20 generations in the late 2" instar larvae of S.

Jrugiperda , and the virulence of parental and progeny isolates was evaluated. Compared with the wild-type

AcMNPV, the virulence of the progeny was remarkably increased. Since viral replication depends on the

host cells, the viral gene mutations of AcMNPV were affected by the selection pressure of S. frugiperda.

The sub-strains with high survival fitness had strong infection and proliferation ability in S. frugiperda, and

were easy to obtain growth advantages and become dominant sub-strains. Furthermore, the key genes for

mutation were analyzed by genome-wide sequencing. This study can provide highly virulent strains for

biological pesticide production, and also play an important role in emergency prevention and sustainable

control of S. frugiperda.
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Table 2 Primers of PCR
5194 Fx 51975 (57 -37)
Primer name Primers sequences (5° —3")
ac 34 -F AGCCGCAATTTTGGTTCTTTT
ac 34 -R CGTTTCGGCGGTAATGGTTTTG
Jpf -F GTCATATTTTGCACACGGCTCTAA
fef -R TAATGCGCAATACCCTAAAAAGTT
lef 2 -F GATGACATGACCCCCGTAGTGAC
lef2 -R TGTTGCGTTTGGTTTGTATCGTTA
lef 12 -F GCGTGGTTTGCGTCATGTCTGTAA
lef 12 -R TCGTTGTCGGGCGCTTGGTCA
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Fig. 1 Mortality rate of virus at different concentrations to

the 2" instar larvae of Spodoptera frugiperda
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Consensus HTTVAVNAPLPPPLVELCNRRPIPYPRIISLQRQLISYPVVKNVQADVQEAINDFKRLNITPGHLGEVIDYMGQQGKLLPEIIEADDDFK
AC34-NCBLpro MTTVAVNAPLPPPLVELCNRRPIPTPRI ISLQRQLISTPVVKNYQADVQEAINDI'KRLNITPGHLGEVIDTMGQQGKLLI"EIIEADDDFK 50
P3-F.pro MTTVAVNAPLPPPLVELCNRRPIPTPRIISLQRQLISTPVVKNYQADVQEAINDFKRLNITPGHLGEVIDTMGQQGKLLPEITEADDDFK 90
P10-Fpro MTTVAVNAPLPPPLVELCNRRPIPTPRIISLQRQLISTPVVKNYQADVQEAIDAFKRLNITPGHLGEVIDTMGQQGKLLPEITEADDDFK 90

j——, ===
Consensus VNQTRNLSCKTVEYLNFLENDKLFRCRLCVTMADHLHCDFHRNMAVRGTRDITCNNVVEHLMSBH.VVHLIEEVFVCLSSCNFKQDAKRA
10 1 130 16¢
AC34-NCBLpro VNOTRNLSCKTVEVLNFLENDKLFRCRLFVTHADWLWCDFHRNHAYRGTRDITCNNVVEHI NSDMGVVML IEEVFVCLSSCNFKODAKRA 180
P3-Fpro VNQTRNLSCKTVEYLNFLENDKLFRCRLCYTHADWLWCDFHRNHAYRGTRDITCNNYVEHLNSDMGVVMLIEEYFYCLSSCNFKQDAKRA 180
P10-Fpro VNQTRNLSCKTVEYLNFLENDKLFRCRLCYTHADWLWCDFHRNHAYRGTRDIACNNYVEHLNSDMGVVMLIEEYFYCLSSCNFKQDAKRA 180
I ————
Consensus LQTLYI(FESLSDLMASVHFSTPDLDTNAVELMDFE
19
AC34-NCBLpro LQTLTKFESLSDLMASYNFSTPDLDTNAYELMDFE 215
P3-Fpro LQTLTKFESLSDLMASYNFSTPDLDTNAYELMDFE 215
P10-Fpro LQTLTKFESLSDLMASYNFSTPDLDTNAYELMDFE 215

B . e
Consensus MTMENNAEFNRRLEYVGTIATMMKRTLNVLRQQGYCTQQDADSLCVSDDTAAWLCGRLPTCNFVSFRVHIDQFEHPNPALEYFKFEESLA
LEF12-NCBLseq MTMENNAEFNRRLEYVGTIATMMKRTLNVLRQQGYCTQQDADSLCVSDDTAAWLCGRLPTCNFVSFRVHIDQFENPNPALEYFKFEESLA 90
P3-l.seq MTMENDAEFNRRLEYVGTIATMMKRTLNVLRQQGYCTQQDADSLCVSDDTAAWLCGRLPTCNF RVHIDQFEHPNPALEYFKFEESLA 90
P10-F.seq MTMENNAEFNRRLEYVGTIATMMKRTLNVLRQQGYCTQQDADSLCVSDDTAAWLCGRLPTCNFVSFRVHIDQFEHPNPALEYFKFEESLA 90

| I
Consensus QRQMVGPRVTVMNVTI.FKNVVALKLVVVTRTLQANMVADGLPVFVQNFSETSVKHVRVVVRKLGAIQVTTLFVVEQIIEDT!NELVVNM\I
101 ) ! ) 1
LEF12-NCBLseq OROHVGPRVTVMNVTLl'KNVVALKLVVYTRTLOANMYADDLI”YFVQNFSETSVKHVRVYVRKLGAIQVATLSVYEOIIEDTINELVVNHV 180
P3-F.seq QRQHVGPRYTYMNYTLFKNVVALKLVVYTRTLQANMYADGLPYFVQNFSETSYKHVRVYVRKLGAIQVTTLPVYEQITIEDTINELVVNHY 180
P10-F.seq QRQHVGPRYTYMNYTLFKNVVALKLVVYTRTLQANMYADGLPYFVQNFSETSYKHVRVYVRKLGAIQVTTLPVYEQITEDTINELVVNHV 180

C T I R ——

Consensus MANASYNVWSPLIRASCLDKKATYLIDPDDFIDKLTLTPYTVFYNGGVLVKISGLRLYMLLTAPPTINEIKNSNFKKRSKRNICMKECVE

1 ) i}
LEF2-NCBLseq MANASYNVWSPLIRASCLOKKATYLIDPDDF IDKLTLTPYTVFYNGGVLVKISGLRLYMLLTAPPTINEIKNSNFKKRSKRNICMKECVE 90
P3-Fpro MANASYNVWSPLISASCLDKKATYLIDPDOFIDKLTLTPYTVFYNGGVLVKISGLRLYMLLTAPPTINE IKNSNFKKRSKRNICMKECAE 90
P10-F.pro MANASYNVWSPLIRASCLDKKATYLIDPDDFIDKLTLTPYTVFYNGGVLVKISGLRLYMLLTAPPTINEIKNSNFKKRSKRNICMKECVE 90

. —— ____§ ]

Consensus GKKNVVDMLNNKINMPPCIKKILNDLKENNVPRGGMVRKRF1LNCVIAHVVSCAKCENRCLIKALTHFVNHDSKCVGEVMHLLIKSQDVV
LEF2-NCBLseq GKKNVVDMLNNKINMPPCIKKI LNDLKENNVPRGGMYRKRFILNCYIANVVSCAKCENRCLIKALTHFYNHDSKCVGEVMHLLIKSQDVV 180
P3-Fpro GKKNVVDMLNSKINMPPCIKKILGDLKENNVPRGGMYRKRFILNCYIANVVSCAKCENRCLINALTHFYNHDSKCVGEVMHLLIKSQDVY 180
P10-F.pro GKKNVVDMLNNKINMPPCIKKILNDLKENNVPRGGMYRKRFILNCYIANVVSCAKCENRCLIKALTHFYNHDSKCVGEVMHLLIKSQDVY 180

&2 Ac34. LEF12. LEF2 % P3 £ P10 {2 Kig 4%
Fig.2 Amino acid mutations of AC34, LEF12, LEF2 at P3 and P10

i Ac34. LEFI2. LEF2 7£ P3 1 P10 A EREA RERE, (A) R Ac34 76 P3 1 P10 (&3R4, (B) & LEFI2
1E P3 A1 P10 (Y& LR 2278, (C) N LEF2 ¥£ P3 Fl P10 fYE FEfRZE 7. Note: Schematic diagram of amino acid mutations
AC34, LEF12 and LEF2 at P3 and P10, ( A) Amino acid mutations of AC34 at P3 and P10, ( B) Amino acid mutations of LEF12
at P3 and P10, and ( C) Amino acid mutations of LEF2 at P3 and P10.
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10 20 30 40 50 60 70 80 90 100 110
ATGGCGAATGCATCGTATAACGTGTGGAGTCCGCTCATTAGAGCGTCATGTTTAGACAAGAAAGCTACATATTTAATTGATCCCGATGATTTTATTGATAAATTGACCCT
ATGGCGAATGCATCGTATAACGTGTGGBAGTCCGCTCATTAGCGCGBTCATGTTTAGACAAGAAAGCTACATATTTAATTGATCCCGATGATTTTATTGATAAATTGACCCT
ATGGCGAATGCATCGTATAACGTGTGGAGTCCGCTCATTAGAGCGTCATGTTTAGACAAGAAAGCTACATATTTAATTGATCCCGATGATTTTATTGATAAATTGACCCT

120 130 150 160 170 180 190 200 210
AACTCCATACACGGTATTCTACAATGGCG GTTTTGGTCAAAATTTCCGGACTGCGATTGTACATGCTGTTAACGGCTCCGCCCACTATTAATGAAATTAAAAATTCCA
AACTCCATACACGGTATTCTACAATGGCGGGGTTTTGGTCAAAATTTCCGGACTGCGATTGTACATGCTGTTAACGGCTCCGCCCACTATTAATGAAATTAAAAATTCCA
AACTCCATACACGGTATTCTACAATGGCGGGGTTTTGGTCAAAATTTCCGGACTGCGATTGTACATGCTGTTAACGGCTCCGCCCACTATTAATGAAATTAAAAATTCCA

23¢ 240 250 260 270 280 290 300 10 320 330
ATTTTAAAAAACGCAGCAAGAGAAACATTTGTATGAAAGAATGCGTAGAAGGAAAGAAAAATGTCGTCGACATGCTGAACAACAAGATTAATATGCCTCCGTGTATAAAA
ATTTTAAAAAACGCAGCAAGAGAAACATTTGTATGAAAGAATGCGCAGAAGGAAAGAAAAATGTCGTTGACATGCTGAACAGCAAGATCAATATGCCTCCGTGTATAAAA
ATTTTAAAAAACGCAGCAAGAGAAACATTTGTATGAAAGAATGCOTAGAAGGAAAGAAAAATOTCGTCGACATGCTGAACAACAAGATTAATATGCCTCCGTGTATAAAA

340 350 360 70 380 390 400 410 20 430
AAAATATTGAACGATTTGAAAGAAAACAATGTACCGBGCGBCGGCGGTATGTACAGBAAGAGGTTTATACTAAACTGTTACATTGCAAACGTGGTTTCGTGTGCCAAGTGTGA
AAAATATTGBGCGATTTGAAAGAAAACAATGTACCACBCGBCGGTATGTACAGBAAGAGATTTATACTAAACTGTTACATTGCAAACGTGGTTTCGTGTGCCAAATGTGA
AAAATATTGAACGATTTGAAAGAAAACAATGTACCGCGBCGGCGGTATGTACAGGBAAGAGGTTTATACTAAACTGTTACATTGCAAACGTGGTTTCGTGTGCCAAGTGTGA

0

450 430 500 510 520 s30
AAACCGATGTTTAATCAAG TCTGACGCATTTCTACAACCACGACTCCAAGTOTGTGGBTGAAGTCATGCATCTTTTAATCAAATCCCAAGATGTGTATAAACCACCAA
AAACCGATGTTTAATCAATGCTCTGACGCATTTCTACAACCACGACTCCAAGTGTGTGGGTGAAGTCATGCATCTTTTAATCAAATCCCAAGATGTGTATAAACCACCAA
AAACCGATGTTTAATCAAGGCTCTGACGCATTTCTACAACCACGACTCCAAGTGTGTGGGTGAAGTCATGCATCTTTTAATCAAATCCCAAGATGTGTATAAACCACCAA

0

580 590 600 610 620
ACTGCCAAAAAATGAAAACTGTCGACAAGCTCTGTCCGTTTGCTGGCAACTGCAAGGGTCTCAATCCTATTTGTAATTATTGA 633
ACTGCCAAAAAATGAAAACTGTCGACAAGCTTTGCCCGTTTGCTGGCAACTGCAAGGGTCTTAATCCTATTTGTAATTATTGA 633
ACTGCCAAAAAATGAAAACTGTCGACAAGCTCTGTCCGTTTGCTGGCAACTGCAAGGGTCTCAATCCTATTTGTAATTATTGA 633

K3 lef2 75 P3 I P10 fYAZ AT IR S AL
Fig. 3 Nucleotide mutations of lef2 at P3 and P10
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ARG B AcMNPV 85 78 Bk 1 32 0 #7 48
AR, 2 SRR SR A, X A 1E &
WA B TS o SR, TZBEBR XS Bl 58 150 I 5
15, 5 Haas-Stapleton ( 2005) #% 38 A9 45 5 —
F¢ ( Haas-Stapleton et al. , 2005) . ASWFZE 0 JE 10
TEJ PR PR SR e A8 T 1 HUP Sk (1 s 3 2
R TR —ARFE A, DT 2 A 4 A R R
ARG R P LCy A B 3, (H I i & 2L 1R
RAFHY AcMNPV B KX 17 3205 M ST ki 3 1 A
FrsgsR . E 7L AR AcMNPY 7, B M
EREAMK K A P15. P10. P20, P6. P3. FERGJL
R, IR SR IEMDC, RS RE
B, B AL ARG I, o8 75 X 55 b 9% 3 1 &)y
A BURRPE S SR 0T, B 7 09 114 i 3 O P R
1E P20 48, AcMNPV 5 T K, X ATRERE i T0
BEPAFTEA [6) 1) 58 72 Sk P B 7R W2 71X 2
I, LS FEEOAE T R B A FE R, T A = B
RORBR ) FEMR, X ) BB 80 1 ZAE s [a] 2 1y v
MO T DL AR, FEE) AT R L.

ABFFE £ G R BT, AcMNPV 7 5 ) Fh 52 i
RapE i R rp SRR B R AR T AR S ARBEFER) AcMNPV
55 3 S5 10 AR T T AR B AT 51 LEXT
RILT 24k SNP 575, ) 4 — 26 Z i 28 FL I 114 Bk
RIZEAE o R IIZIR 5 1Y 7 A~ G ) 35 PR AE AE A%
MR, X7 RS EENZ 5% A% £M
PR b ) R e ] R T 55 ) e
Horpr 4 A G it B PR e AR R) 722 ] g S th T AN [
16 BRI AT, XA RS A K
i LG R B DAL T i TR 2H i ) A X AR
USRI G i B P R AL I FE IR 23 3l h ae34
lef12 Il lef2 o

Ac34 & —Fi {1 1 I 3] DR 92 38 A BTG 2R
X9 1 B BRI S H B (Cal er al., 2012) .
Ac34 PP EEAR Y, H C mfhsptEsag, 75t
ARSI E NS S, WAATERTEN T 35
AL (Qiu et al. , 2017) o Ac34 f7AE T 4 NEA%
AR rf, i T AT R BE R A0 I A P A2 A
Ac34 WA E LT BE XS H AL 0 2 52 1 1 T g 22 ¢
A (Zhang et al. , 2019) o Ac34 HIlH00E 25 M 1] L
PRI sk, IR E BVs 1774, 8K ac34 J5 77 A
TeAL Yk BVs, [HARHIAZ N ]I BN B R A A 5
(Qiu et al. , 2017) o 2k ac34 A5 DNA & L
FRTE RS, AR M R I SR ik gk — B WESY
T, ML SEARTE B Ac34, (HI I RE [ kY

PHETEEE Ac34 (Qiu et al. , 2017) .

lef12 2 —Fh a0 IR L IR, 509 2 52 1 E ¢
(Yuan er al. , 2014) , {H7E 80 5% 5% vl B 42 1E
FHe SR lefI2 525 1) 50 20 95 2 77 & T BE T 5 A%
(Qiuet al. , 2017) o lef12 ANJE: g B HE [N 4 52 il
W AR AL, G R e B 3 A0 A S I
[IRES , otk 3 e R g 2 G0 300 R0 R G 300 A )
S/ S = U L U g B N
( Guarino et al. , 2002) .

LEF1 Sy 5| ¥y, T LEF2 5 51 ¥y i Bh A
T, K LEF1 44 Af5 8 DNA [ 21%6 (1952 1 52 59
tr, LEFL 5 LEF2 254, [F]if 5 55 DNA JE AR
EREZEY, JFATRES HE DNA il CHE H
i 45 4, & B DNA & il ( Mikhailov and
Rohrmann, 2002) . fHiTWIMFSERA, LEF2 ~NER
M) DNA S A SR 3R, T HO2 e DNA 52 12K
RGN T (Wu et al., 2010) o lef2 15 31
FPo AL & WA 008 3 1 3R (TAAG) , A
I lef2 W] BETE RSB 45 55 ( Passarelli and Miller,
1993) o 1T LEF2 fE25 DNA &2 il i) 5 %52 i [
2K, DNA S ) Sz W 39 R0 A 1 300 kPR 3R g e
PIZR, W lef2 5 788 2 400 o] g 03 AR A e 300 ke R 3 3k
( Merrington et al. , 1996) . ¢ L iR, LEF2 205
TREERY T ST PR BT T 06 30 AR g S
ik, slifEH T EE DNA S0, 835 M i 25
Ha%E ( Sriram and Gopinathan, 1998) .

AR 3 R PR LLAS [R]85 2R e i B 7 AR LA
LGTERE ST o AEARBETEH, lof12 BUFEIN RRAEAES: 3
FURIEE 10 ARISA KR, lef2 YR RAEALAESS 3
L, ac34 1 5E K AR BLAE 55 10 R FE Ak
i, 7R Ac34 FEH R AcMNPV X i 53 5k B0
PE A E EAE . X 3 DIt BE RS I 2 ac34 1Y %8
A5, WIREREIEHE AcMNPV 15 5 My 5% 0 1 &)y B b i
SN MR s, AR R MLBRAG £ gE— 20
W5
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