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Abstract: [ Objective | Harmonia axyridis is a coccinellid beetle and widely distributed around the world,
it was once introduced to the world to control aphids and small insects. However, due to its strong adaptability
and reproductive ability, the number of ladybirds has increased dramatically and threatens the local environ-
ment.lts genomic data and further analysis, can promote the utilization of H. axyridis resources and the control

of its biological invasion.| Method | Eight—generation inbred adults in China were cultured and their DNA was
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extracted and sequenced. Velvet and SSPACE-STANDARD were used for assembly. Software RepeatMasker,
GeneMark , Augustus and Fgenesh were used for gene prediction and marking.OrthoDB database and Clustal W
were used for comparative genomic analysis, and Blast was used to identify immune-related genes in the ge-
nome of H. axyridis.[ Result ] The final genome was 382Mb.The N50 of contig and the N50 of the scaffold were
12.1 kb and 47.5 kb respectively.18 413 complete genes were predicted.Comparative genomic analyses of pub-
lished insect genomes and H. axyridis genomes showed that Coleoptera contained the most species—specific
genes, and the species evolutionary tree showed that all Coleoptera species clustered together, with H. axyridis
lying between Tribolium castaneum and Onthophagus taurus.It was found that there were no significant differ-
ences in the immune system genes of the PRR pathway , Toll pathway and IMD pathway between H. axyridis and
other two species of ladybugs.The identification of 9 Defensin,7 attacin,and 10 Coleoptericin in H.axyridis con-
firmed a significant expansion of the H. axyridis antimicrobial peptide family at the genomic level compared
with the other two species. [ Conclusion | AMP family of H. axyridis has expanded significantly. Compared with
other ladybugs, its number of genes multiplied.This result also confirms Vilcinskas’ prediction from transcrip-
tome data at the genomic data level. More AMP gene is an important guarantee for H. axyridis to adapt to the
complex environment, and it is the immune basis for H. axyridis to become a biological invasive species. It
shows that H. axyridis has obvious advantages over other H. axyridis in natural immunity.
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47.5 kb, SO B2 LR 2800 2 A0 1 H S22 I ALK, R 2 80H 5e 28 Jk R 41 1 91 T 7 163~
208 Mb {H 50 50 B PR 2 BE A 9 R A FE R A /N 22 W R AR I BRI R /Nl 710 Mb, GC & il
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Tab.l1 Genomic DNA assembly statistics

i H Item B0H Value
B HEEUE Contig number 59118
SR N50/bp Contig N50 12 089
KESHAR Scaffolds number 31635
K HEZHENS50/bp Scaffold N50 47 483
GC & /% GC content 35.00
TR 2 PS4 Predicted gene number 18 413
B[R 21 21 2% 52 3 /% Genome BUSCO 96.0%
T HL K 52 2 4/% Predicted gene BUSCO 87.1%
P A /bp Total assembled length 381 892 561
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TE—L, FRZ 0 B R AL, 753X 13 Flrp, — A5 80 T 15 443 N B R [FVRAL . A H A 2 ¥ T LA
FFLE O Ff LA L b 3 PR SR AE — 2 (9 JE R Oy — 28 76 13N Rl S48 S A ) T e 2 10 LR [
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a.The phylogeny was built using RAxML and based on the 1 644 single—copy orthologues that were present in all 13 species.
All nodes have 100% ML bootstrap support.The tree was rooted with Z.nevadensis.bThere were 1 644 genes that were present as
single copies in all 13 species.Another 4 561 of H.axyridis genes were found in the other 12 species, while 3 886 were found in the
majority of species (in 912 species) , 2 070 were found in some of the species (in 5-8 species)and 1 553 genes were found in a

few species(in 2-4 species).Moreover, 6 377 genes are specific from other 12 species.
I A4 S G I 7 A 13T LR 2 T AR LA PR 4 4
Fig.1  Phylogenetic placement and orthology comparison among H. axyridis and other arthropod species

23 RAREBHEXEERTESHT

L NCBI H 2 £8 1 B U014 T A7 S S R 11454 PRR i 5L PR 58 1 i 5% 2 VR R 06 e 471, 3 ot AR D
PR HXT BT , 3 N He 3 PR 2 1 G 2 M S L LB L 2.0 PRR A T e 25 1 U h B B, RERIS SO AR
(R JELAAS . AR B 6 DR 20 L3 20 Fr L PRIR SR 1 5 B2 7 b 66 (R 1 1T DA 3 b sk 3 (R 21 R 3], Hovp
PGRP,BGRP/GNBP K Galectin ${ i 5¢ 4 — 5, HiAy 4 R 3 K 19 Bt R B0 45, 6 0 3 Rl B0 7 S i iR
1A W B 2 5

Toll 3 J#% A1 IMD 3 i #8211 PRR B2 UM 5 TF LR 00 |, e 25 Pt A AR AR A0 PR A2 s o AR B 3
PRI ELAE AT, 6% Tol L3 5 1 Toll 56 RS €0 30 e 55 FLA AR B A — o 22 S AR R R i 4 o 25 57

36 3 LA PRR . Toll IMD S5 J R A1 1 B 4 i e 91, 3 Pl U 7E PRR HEAT 532 , Toll {75 38 i
POHE I A BT P K, IMD 80 I B TR K T3S O B 8 25 55 0 DA O 2 S 0 B R A JEUA ol [



© 50 - L PN ¥

®2 3MIAAGREREEXERILE
Tab.2 Gene counts for immune-related gene families in three ladybugs
8 % FIE G E A S TR gt i
Pathway Gene family H. axyridis A. bipunctata C. septempunctata
PRR i i PGRP 8 8 8
PRR Pathway FREP

2 1
Tep 5 3
BGRP/GNBP 5 5

4 4
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B~ 0 B~ W

CTL 21 20 19
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TOLL i #% Spiitzle 8 8
TOLL Pathway Toll 24 22 21
MyD88
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o A\

1

1

1

1
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Dorsal 2

IMD i % IMD 1
IMD Pathway Dredd 1
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FADD 1

IKK 2
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UK Defensin 9
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Antimicrobial peptide protein attacin

N S N T e L e e e e S T e e S = S = S

1
1
1
1
1
2
1
1
1
1
2
1
2
4
3

Coleoptericin 10
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3 GinSitie

3.1 EERERMAL
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LT 30N A G 23 AR DG PR AR B DD RE A OC R AR LS, A R 21 )2 1w ey R PR
FE5 o XU T S e T L At B T R (1 G R T T REAS 2 X e e el B AR O IE R TE A
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HABTCR A B B B 2 R NI S AR AMP 124 3R AL T 5 255 X T S Bk
AMP ZIG IR A B2 X

BOst: i TRl R 2 5434 (117C1400900) R ASHFFE 45T 7 0 B, S 80 25 1

£ 2% 3k References:

[1] SEAGO A E,GIORGI J A,LI J, et al.Phylogeny, classification and evolution of ladybird beetles (Coleoptera: Coccinellidae )
based on simultaneous analysis of molecular and morphological data[J].Molecular phylogenetics & evolution,2011,60(1) :
137-151.

[2] KOCH R L.The multicolored Asian lady beetle , Harmonia axyridis: a review of its biology, uses in biological control, and
non-target impacts[ J ].Journal of insect science,2003(1):32.

[3] TEDDERS W,SCHAEFER P.Release and establishment of Harmonia axyridis (Coleoptera: Coccinellidae) in the southeast-
ern United States| J | .Entomological news, 2004, 105( 4):228-43.

[4] EVANS E W, DIXON A.Insect predator-prey dynamics: ladybird beetles and biological control[J].Quarterly review of biolo-
2y,2000,82(3) :244.

[5] BROWN P M J, THOMAS C E, LOMBAERT E, et al.The global spread of Harmonia axyridis(Coleoptera: Coccinellidae ) :



52 - RN AN I 3 %45 &

distribution, dispersal and routes of invasion[ J |.Biocontrol ,2011,56(4) :623-641.
[6] KOCHR L,GALVAN T L.Bad side of a good beetle : the North American experience with Harmonia axyridis[]].Biocontrol,
2008,53(1):23-35.
[7] ROY H, WAJNBERG E.From biological control to invasion: the ladybird Harmonia axyridis as a model species[ﬂ.Biocon-
trol,2008,53(1) : 1-4.
[8] LAURENT P, BRAEKMAN J C, DALOZE D, et al.In vitro production of adaline and coccinelline, two defensive alkaloids
from ladybird beetles ( coleoptera: coccinellidae ) [ ] ].Insect biochemistry and molecular biology ,2002,32(9):1017-1023.
[9] HILLYER J F.Insect immunology and hematopoiesis[ J ].Developmental & comparative immunology,2016,58:102-118.
[10] KEEHNEN N L P, ROLFF J,THEOPOLD U, et al.Insect antimicrobial defences: a brief history, recent findings , biases, and
a way forward in evolutionary studies[ M ]//LIGOXYGAKIS P.Advances in insect physiology , Lodon: Academic Press, 2017,
52:1-33.
[11] PALMER W J,JIGGINS F M.Comparative genomics reveals the origins and diversity of arthropod immune systems [ J].Mo-
lecular biology & evolution,2015,32(8):2111-2129.
[12] CAO X,HE Y,HU Y, et al.The immune signaling pathways of Manduca sexta [J].Insect biochemistry and molecular biolo-
gy,2015,62:64-74.
[13] CLAYTON A M,DONG Y, DIMOPOULOS G.The Anopheles innate immune system in the defense against malaria infection
[J].Journal of innate immunity, 2014,6(2) : 169-181.
[14] EVANS J D, ARONSTEIN K,CHEN Y P, et al.Immune pathways and defence mechanisms in honey bees Apis mellifera. (1]
Insect molecular biology, 2010, 15(5) : 645-656.
[15] KINGSOLVER M B, HUANG Z, HARDY R W.Insect antiviral innate immunity : pathways, effectors, and connections [J].
Journal of molecular biology,2013,425( 24):4921-4936.
[16] LEMAITRE B,HOFFMANN J.The host defense of Drosophila melanogaster[JJ.Annual review of immunology,2007,25(1 ):
697-743.
[17] KLEINO A,SILVERMAN N S.The Drosophila IMD pathway in the activation of the humoral immune response[ ] ].Develop-
mental & comparative immunology, 2014,42(1):25-35.
[18] JIN F,SUN Q, XU X, et al.cDNA cloning and characterization of the antibacterial peptide cecropin 1 from the diamondback
moth , Plutella xylostella 1..[ ] ].Protein expression & purification,2012,85(2) :230-238.
[19] VILCINSKAS A, MUKHERJEE K, VOGEL H.Expansion of the antimicrobial peptide repertoire in the invasive ladybird
Harmonia axyridis[ J].Proceedings of the royal society B :biological sciences,2013,280(1750) :20122113.
[20] ZERBINO D R, BIRNEY E.Velvet: algorithms for de novo short read assembly using de Bruijn graphs [J].Genome research,
2008, 18(5) :821-829.
[21] BOETZER M,PIROVANO W.SSPACE-LongRead : scaffolding bacterial draft genomes using long read sequence information
[J].BMC bioinformatics,2014,15(1):1-9.
[22] CHEN N.Using RepeatMasker to identify repetitive elements in genomic sequences [J].Current protocols in bioinformatics,
2004,5(1) :4-10.
[23] BESEMER J,BORODOVSKY M.GeneMark : web software for gene finding in prokaryotes , eukaryotes and viruses| J |.Nucle-
ic acids research,2005,33(S2) :451-454.
[24] STANKE M, TZVETKOVA A, MORGENSTERN B.AUGUSTUS at EGASP: using EST, protein and genomic alignments for
improved gene prediction in the human genome/[ J .Genome biology,2006,7(1) : 1-8.
[25] SOLOVYEV V, KOSAREV P, SELEDSOV 1, et al. Automatic annotation of eukaryotic genes, pseudogenes and promoters
[J].Genome biology,2006,7( 1):1-12.
[26] SIMAO F A, WATERHOUSE R M, IOANNIDIS P, et al. BUSCO: assessing genome assembly and annotation completeness
with single-copy orthologs[ J ].Bioinformatics,2015,31(19):3210-3212.
[27] ZDOBNOV EM, TEGENFELDT F,KUZNETSOV D, et al.OrthoDB v9.1 : cataloging evolutionary and functional annotations
for animal, fungal , plant , archaeal , bacterial and viral orthologs[J].Nucleic acids research,2017,45(1) :744-749.
[28] THOMPSON J D,GIBSON T J, HIGGINS D G.Multiple sequence alignment using Clustal W and Clustal X[ ] ].Current pro-
tocols in bioinformatics,2002(1) : 2-3.
[29] STAMATAKIS A.RAxML version 8:a tool for phylogenetic analysis and post-analysis of large phylogenies [J].Bioinformat-
ics,2014,30(9):1312-1313.



