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Identification of autophagy-related genes in fall
armyworm, Spodoptera frugiperda
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Abstract: [Objective] To identify autophagy-related genes (4zg) in fall armyworm (Spodoptera firugiperda)
genome and their response to viral infection in S. frugiperda, and provide a basis for further research on the
molecular mechanism of autophagy. [Method] Autophagy-related protein (ATG) sequences from various
species, such as human (Homo sapiens) and fruit fly (Drosophila melanogaster), were aligned and analyzed for
sequence similarity. ATG sequences in S. frugiperda genome were searched. Conservative domain (CD) of the
candidate ATG were analyzed by NCBI CD search. Furthermore, qRT-PCR was used to detect the expression
changes of Atgs in Sf9 cells after infection by recombinant EGFP-AcMNPV. [Result] We identified more than
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ten core Azgs which were involved in autophagosome formation in S. frugiperda, including the complete sequences
of Atg3, Atg5, Atg6, Atg7, Atgl0, Atgl2, Atgl3 and Atgl01, and the partial sequences of Atgl, Atg2, Atg4, Atg9,
Atgl4, Atgl6, Atgl7 and Atgl8. The expression levels of S. frugiperda Atg2, Atg4, Atg5, Atg6, Atg7, Atg8 and

Atgl12 were up-regulated after 6 to 12 hours infection by EGFP-AcMNPV. [ Conclusion] Eukaryotic conserved

Atgs exist in the genome of S. frugiperda, indicating the autophagy pathway in S. frugiperda is evolutionarily

conserved. AcMNPV infection might trigger the autophagic response in Sf9 cells.
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Table 1 Primer sequence for qRT-PCR

# X Gene 1E [\ 51 #)(5'—3") Forward primer S 71 5| #)(5'—3") Reverse primer
Atg?2 GATGTTTGCTCATGCCATAGACT ATGGACCTCAAGTGCGATGC
Atg3 CGCGGAAGTAATGAAGAAAA CGTACTCGATGGTCGGGATG
Atg4 TGTTGATAGTGCCGCTCAGG GTTGGGCTTACCACCGATCA
Atg5 AACGACCCTCAACTACCGTG TGGACATGACTTGGCCTCTG
Atg6 AAGGAGCAAGTTGAGAAAGGT ATTGAATAGGCATGAGGTGG
Atg7 TTGGAAAGGAGCTGTGGACT CATACACGGTGGGCTGACTA
Atg8 GAAGGCCAGGCTTGGAGACC GGCTGATGTTGGAGGAATGAC
Atgl?2 ACAGGAAATGCCCCCATTATGA GGTCTGGAGATGGAGCAAATG
ECD CTTCTGACCTGGCTACATTG ACCTGTTGTTTGTGGCTCTA
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17 RUE P 5 BT EE X 20 AT, 3RAS 1 10 220 F R
FHOREER, Hoh 46 AR IE R A1g8(NCBI H 3k
MF069154.1), 1 Atg3. Atg5. Atg6- Atg7- Atgl0.
Atgl2. Atgl3 Fl Atgl01 B FHI 4K, L&
Atgl. Atg2. Atg4- Atg9- Atgl4. Atgl6. Atgl7 F
Atg18 SFFHEA I 73 741 (3K 2). A smart blast 7

Lo TR, HESRIS  BLH 53 % ATG & E A
ARG NI ATG A MR LR T VA, 2
71N B 1l 5 0 U TR 2 R A A v AR SF ) ATG P
Hllo T 2 LTS5 R WL, BAA 5287 5110 ATG
TEH, ATG8 B M, HEHL PRk ATG8 5
WA ATGS. A2 GABARAP HIZ LR 7 41 AH
U2 50 93.10% F1 90.52%; ATG3 457 P b,
IR, 5 IE R ATGS. A2% GABARAP & 3
TR 7 B AH AL 43 51 65.88% A1 64.40%; ATGS.
ATG6.ATG12. ATG101 5 38 /5 %) M L 1 78
50% VA b, BOR T HEHL SR H A S E A R A S
5 AWRIIR S DRE


https://bipaa.genouest.org/sp/spodoptera_frugiperda_pub/blast/
https://bipaa.genouest.org/sp/spodoptera_frugiperda_pub/blast/
https://bipaa.genouest.org/sp/spodoptera_frugiperda_pub/blast/
https://bipaa.genouest.org/sp/spodoptera_frugiperda_pub/blast/

96 Hapd 4l K22 24 (http://xuebao.scau.edu.cn/zr/hnny _zr/ch/index.aspx) a2
*2 EMRREEREXESNFTISHEMES
Table 2 Sequence and similarity analysis of Spodoptera frugiperda autophagy related proteins
IR ARG S8 Drosophila melanogaster NZ Homo sapiens
ey N SRR
huplagye Domin ERNCBIERE gy, FPNBERT e,
related Sequence no Protein family Na@eMCBI Sequence similarity Nan}e/NCBI Sequence similarity
) accession number accession number
protein
ATGI*  GSSPFG00023661001.3 PKc like/ Autophagy-related 1, isoform A/ 69.79 Serine/threonine-protein kinase 64.10
Protein kinases NP_648601.1 ULK2 /NP _001136082.1
ATG2*  GSSPFG00005530001.3 Autophagy-related 2, isoform A/ 30.96 Autophagy-related protein 2 3229
NP _647748.1 homolog B/ NP_060506.6
ATG3  GSSPFG00021042001.3  Autophagy N, Cand Ubiquitin-like-conjugating 65.88 Ubiquitin-like-conjugating 64.40
Autophay act C, enzyme ATG3/NP_649059.1 enzyme ATG3 isoform 1/
NP 0719332
ATG4a*  GSSPFG00032702001 Peptidase C54/ Autophagy-related 4a, isoform B/ 58.12 Cysteine protease ATG4B 51.83
Cysteine protease NP_001259852.1 isoform b/ NP_847896.1
ATG4b*  GSSPFG00022978001.3 Peptidase C54/ Autophagy-related 4b/ 46.68 Cysteine protease ATG4D 4.92
Cysteine protease NP _650452.1 isoform 1
precursor/NP_116274.3
ATGS  GSSPFG00011494001.3  Autophagy protein Apg5 Autophagy-related 5/ 58.49 Autophagy protein 5 isoform a/ 51.65
NP_572390.1 NP_001273035.1
ATG6  GSSPFG00029332001.3  Autophagy protein Apg6 Autophagy-related 6/ 56.53 Beclin-1 isoform 53.44
NP _651209.1 a/NP_001300927.1
ATG7  GSSPFG00017981001.3 El like Apg7 Autophagy-related 7, isoform A/ 46.86 Ubiquitin-like modifier- 4325
NP 611350.1 activating enzyme ATG7
isoform X7/ XP_011531586.1
ATG8  GSSPFG00035793001.1 Ubiquitin-like Autophagy-related 8a, isoform A/ 93.10 Gamma-aminobutyric acid 90.52
_ATG8_GABARAP NP _727447.1 receptor-associated protein/
NP_009209.1
ATG9*  GSSPFG00017231001.3  Autophagy protein Apg9 Autophagy-related 9, isoform A/ 45.00 Autophagy-related protein 46.88
GSSPFG00013065001.3 NP 611114.1 9A/NP_001070666.1
ATG10  GSSPFG00019539001.3 Autophagy act C Autophagy-related 10, isoform B/ 3476 Ubiquitin-like-conjugating 3353
NP 001097215.1 enzyme ATG10 isoform X2/
XP_005248669.1
ATGI12  GSSPFG00008488001.3 Ubiquitin-like Autophagy-related 12/ 54.55 Ubiquitin-like protein ATG12 69.57
ATGI12 NP_648551.3 isoform [/NP_004698.3
ATGI13  GSSPFG00023791001.3 Autophagy-related Autophagy-related 13/ 32.80 Autophagy-related protein 13 .52
protein 13 NP _649796.1 isoform g/NP_001333285.1
ATG14*  GSSPFG00010270001.4  Atgl4 super family Autophagy-related 14/ 26.45 Beclin 1-associated autophagy- 24.12
NP _651669.1 related key regulator/ NP_055739.2
ATG16* GSSPFG00003827001.3  Autophagy protein 16 and Autophagy-related 16, isoform C/ 36.80 Autophagy-related protein 16-1 31.37
WDA40 super family NP 7333132 isoform 2/ NP_060444.3
ATG17*  GSSPFG00021933001.4 Ubl RBICCI and ATG11 Autophagy-related 17, isoform B/ 3533 RB!-inducible coiled-coil 30.67
domain-containing protein NP _996156.1 protein 1 isoform X11/
XP_011515949.1
ATG18* GSSPFG00009401001.3 ~ WDA4O0 super family ~ Autophagy-related 18a, isoform 59.61 WD repeat domain 59.31
F/NP_001261566.1 phosphoinositide-interacting
protein 2 isoform d/
NP_001028691.1
ATG101  GSSPFG00026235001.3  Autophagy-related protein Autophagy-related 101/ 56.11 Autophagy-related protein 101/ 48.87
101 NP _573326.1 NP _068753.2

D4 RFRERARARDAI DFRASETEROAS BUNARRH A Apg, B AA—R RS £

1) “*” means partial sequence of this gene is obtained; 2)The early genes related to autophagy identified in yeast are called 4pg, which are later uniformly named Atg
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Fig. 1 Prediction of the conserved domains in the candidate autophagy-related proteins of Spodoptera frugiperda
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Fig.2 The autophagy pathway involving autophagy related proteins in Spodoptera frugiperda
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2.3 EEFHF A EGFP-AcMNPV

¥ pFast HTb-EGFP H H #H ik 1L £ &
AcMNPV % [R4H KI5 45 B Escherichia coli 3

A4 DH10Bac 1, 283 Pt 14 i 1%k 3K ﬁﬁﬁ%l
%, B M13 519347 PCR %5E, 31541 3000 bp
() 5 — 2% i, K E AR Bacmid-HTb-EGFP &
RN (B 3) o 200 77 56 00F ) K 25 20 A s e G
ST #Hiff, K15 P1 ARE 4% 5 EGFP-AcMNPV. LA
P3 AR E 41955 % EGFP-AcMNPV & 4% ST9 4l fitl, 7
J&YE 6,12, 24,36 F1 48 h JG AL %2 ST 20 i (1) 5 (2. 5%
S 5 55 Sk 4 T B 2H 0 75 3G LA O, S5 R (B 4) R
B BB 0L 6 A 12 h J5 3% A W52 31 4% (0 5% ) 5
24 h e Wb BRSO RHTRRECER

24h 36h

200 pm

9 10 11 12

bp M 1 2 3 4 5 6 7 8

M: DL5000 DNA marker; 1~12 JBEECH 12 AN 7E ¥ PCR 4524,
3 112 B 3000 bp (19 B 461

M: DL5000 DNA marker; 1-12 were the clones for PCR; the specific
bands about 3 000 bp were amplified from clones numbered 3 and 12

3 E4EFTHKL Bacmid-EGFP f) PCR £ &
Fig. 3 PCR identification of recombinant Bacmid-EGFP
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Fig. 4 Fluorescence microscopy of Sf9 cells at different time after infection with EGFP-AcMNPV
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