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(1. BEPGIRTE R A MRl 2B, P2 710062; 2. KIFESWE, KJE 030000 )

# E [Bi)] HAM Caliptamus abbreviatus ;R T H3#M H . EHBTRL, 255 K2R X 5 3
FERZ —, HAXSFEYAE BB o AR NN 3 A s p) 7% skl B, BT A e e
BEES IR, S5 A S M SR Sl B AL A [ B ] AR5 R A Hlumina =558 &0 75,
ol J F ML R e R A AR T T R SR RN P R A T AR R R AR R BT, IR S
PEARCH I BN, [ R ] J8 S it SR 41 4d B 13545 36 804 /4~ unigenes, X unigenes #4T Nr,
Nt., GO, COG. KEGG. Swissprot #l Interpro £ KU AERHE R TERE, fRZE 21 137 4 unigenes i UIITERE
7 Toll il 4% . TMD i B Fll JAK-STAT {5 5l LU E T 160 45 K IR G BEFSEHY unigenes; £ MAPK
TLR %55 5058 FH G A g rh 25 58 1 166 1~ unigenes, 7EAFERCIgiAH OC A0 I P %58 Y 457 4> unigenes., &
SRS A BEAE /4 ( C_abbreviatus M VS C_abbreviatus F), B 13k45 8 125 2257 F A A, Hrf 6 326
Ah EPRZIRIEFH, T 1 799 AR TF IR ELR , 225 RIKILF KEGG FREH, A 22 4 unigenes HFEF]
JAK-STAT {553 1, 6 4~ unigenes {15 MAPK . 741, dKINF] 6227 4~ SSR. [ 45i€ ] A5t
FRAT T IR SR AR, X S G e A DG 38 s SR R AT T 58 b, IR SRESE R D B R
e QPN ag s B I ) - 3 I iy ol 7 e X 1 8

KER AW FesRd; SR EINT; RUBERE DG E B RN

Transcriptome of Calliptamus abbreviatus and identification of
immunerelated pathways and genesin this species

1%* : -1, 2 1 1 S [k
LI Xue-Juan REN Qian-Li"“ YUAN Hao® ZHANG Ke-Yao  LIN Li-Liang
(1. College of Life Sciences, Shaanxi Normal University, Xi’an 710062, China; 2. Taiyuan Zoo, Taiyuan 030000, China)

Abstract [Objectives] To analyze the transcriptome of Calliptamus abbreviatus (Calliptaminae, Orthoptera), one of the
main pests of grassland and semi-rural pastoral areas, in order to identify immune related signal pathways and genes in this
pest. [Methods] Transcriptome data of female and male adults were sequenced on an Illumina high-throughput platform.
Bioinformatics analysis of sequencing data, such as assembly and annotation, were implemented, and immune related
pathways and genes were identified. [Results] A total of 36 804 unigenes were obtained, of which 21 137 were successfully
annotated using the seven functional databases (Nr, Nt, GO, COG, KEGG, Swissprot and Interpro). 160 unigenes associated
with innate immunity were identified in the Toll, IMD and JAK-STAT signaling pathways. 166 unigenes are associated with
other immune related pathways (such as the MAPK and TLR signaling pathway), and 457 are associated with detoxification
metabolism related pathways. In total 8 125 genes that are differentially expressed in males and females were identified, of

which 6 326 were up-regulated and 1 799 down-regulated, respectively. Based on KEGG annotation, a total of 22 unigenes

*Z¢ B35 H Supported projects: EF HABIEEATEH (31801993 ); T BB EARMIF L 42 L% 4T H ( GK202003052 .
GK202304021 ); PEPEATHLER#FHH (2017BSHEDZZ99 )
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*#457 A /E# Corresponding author, E-mail: 11_lin@163.com

WeHS H ) Received: 2021-12-23; %3 HY Accepted: 2022-08-01
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were annotated in the JAK-STAT signaling pathway, and six were annotated in the MAPK pathway. In addition,

6 227 SSRs were detected. [Conclusion] Transcriptome data on C. abbreviates was successfully obtained and immune

related pathways and genes identified. These findings provide a molecular basis for gene function annotation, the identification

of immune genes, and molecular marker development, in this species.

Key words Calliptamus abbreviatus; transcriptome; high-throughput sequencing; immue-related pathway and gene

B SR 21 AR R 20 I B4 2 Y A R R

72, 4% mRNA | rRNA | tRNA FIHEZi S RNA
CFEDLAF, 2019 )0 AR HAT I e 3 s
BRI I ARSI, HPRARAS R 2
PR AE R o LT ARDIFHAR , ATk
B AT ) ST 51, I BRI 2 07 T
MIRFARESE . Bl Li 45 (2013 ) MrhAeglisd i
Eriocheir sinensis % s 41 Hh i it 31 5 G 2 HH 5 1Y
Toll, IMD, JAK-STAT #1 MAPK {551, =
BER4F Batocera horsfieldi ¥ H fih £ 7% 55 21 A0
SRy WL A G DR ) A AT PR AR T S (i
W4, 2019 ), =M-BEWEE Liriomyza trifolii 4% 5%
ZH B8 SR A g %o Yk R A R R T A Y
{58 (Changetal., 2020), i EH#HEHIMNF,
H AT Z PR i 5 sk a8 s el e, b g
I8 Locusta migratoria, E[IEEEIE Fruhstorferiola
huayinensis, HA<#f: Tetrix japonica. 7Pi% Gryllus
firmus FI-P4E &7 Tettigonia chinensis %5 ( 5%
EAF, 2020), XM EME R R E RGN |
BRI L T 2% A, BRI R R
Gomphocerus licenti . H 7% 1 18  Mongolotettix
japonicus FIZIA il Sphingonotus tsinlingensis
1Y 4R B s 21 S S O H R U B e TR AN
IRBEIE N AL T AT FH B 70k ( Yuan et al.,
2020; Zhao etal., 2021 ).

B i AR EGE e R A e e A T B AR A, LA
PREAE R R85 F 9 IE # £ ( Kleino and
Silverman, 2014; #if5%, 2019), EHAYGK
B I3 5 o7 AL 35 AR B 5 A AR B 2, ARV D2 2
yp K # Toll, IMD 1 JAK-STAT {553 # ( X1
N R E, 2018; Wu and Yi, 2018; %
S5, 2019 ) AR SN 7 B H G0 2 B A R 495 v R
FEEEAEN (Wuand Yi, 2018), FL¥HEET
e S 2H RIATE X B e A 9 R DG 3 B A PR JRE T T
5T, Hirb, Bao %8 (2013 ) 7E#s Kl Nilaparvata

lugens SR rh % g T K E AR5 & H
(IFEDR | By AL B (proPO ) 4% SR IBE S
YR B T SRR 25 A S 5 iR R A5 5
53T (f335 Toll. IMD Ml JAK- STAT {55
W% ), Zhang 25 (2015) R TR Kl G
BB 1 20 (g 0 A R0 I 20 i ) O R g R
Metarhizium acridum B B B UL (55 S N, 55
U % Y 470 55 BEAHDEAY unigenes,
AL4E R PR E38 % Toll, IMD Fl1 JAK-STAT 1
4y, BERIEAE (2016 ) MYEME Trilophidia
annulata % S T 3RAS T 319 AN KR e 5l
AN unigenes, iX£E unigenes 5 Toll,
IMD. JAK-STAT . MAPK-fly FIZB{LiE %, Zhao
S5 (2018 ) 5T 5 ff1 SMFE IR 12 Xenocatantops
brachycerus % SR ARG 1 3 Fh{E S5 S
B Toll B2 ( Toll-like receptor ). NOD F£3Z
& ( NOD-like receptor ) Fll RIG-T #5324 ( RIG-I-
like receptor ) 3 {5, 3% L3 [ AE O e B AL
il P E EXREZEWAEM . AU K Rl
Laodelphax striatellus IMD 3 {4 G 3L R 7E 7K
F SR B RE VR, B ade (2019) 2EJF o
AT T 5 IMD JE FEAH G ( PGRP-LC,
Duox. Relish. IKKo F1 TBK1) Tl BaliEAE o
X BEAFF 5 285 S ATk — 20 i 5% B R A 8 A G
i BEFNEE R R L T B s SR

B I8 SN RN A BB B D) 2 A A A v A
(IFERELI R o BERRE AR ToERe 1A BT AN, K
ZHUEBT MR HREPE B8 BE 3 ( Nunn
et al., 2009 ), MEVESZEE TRAFRGERIEM, N
W& 1 e gy, TR DUDRE 5% 4% o T 540
( Belousova et al., 2021 ), #ilan, XF=5400
A FHCHT 2 A HURGL W By 5L (PO) 1T,
Tk B, MEYER B PO UGk T M E
( Schwarzenbach et al., 2005; Bagchi et al.,
2021 ); WEPERZIZER Nicrophorus vespilloides
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FIE B 380 o A1 K A 8 8 R A 2 T 1) B AR
FRAS A Sfe #5713 H B J5 9 28 B ) ( Cotter
et al., 2013), MAHh, B HUMERE AR fshe
AAAE 3 B oy B A7 7E 2% 5+ ( Schwarzenbach et al.,
2005 ), 7E4) KB Be A B AN R ( Belousova et al.,
2021), flan, 7EE RSN I = 4 2 AT e
Bacillus thuringiensis /&Y% J5 , Belousova 5§
(2021) FbAe T 8%HH H#E0 Lymantria dispar
Xy BB | P T 2 U A D S I A LAY
Ui te, 28R A, T mrP S P R
AR AR IR , PR, BVEZEPE 50 2 T
G it A PR Y 25 St 25 EE S ) FEAL R
B A R R, T A B 0 B 8 s ok 43
BCRE R A IR LAZERF B B 19447 (Wang et al.,
2019), 5505 e i B AR G 1) % i 2H B8 224
5 356 A2 55 P ) L A 0 A T A O 143 6 s B P
(RYLhlAE, 2022), B KB MEREAR 73240
) SR e

i FE3HIE Calliptamus abbreviatus Ikonnikov,
1913 fJETEHMH ., 2#ETE (Orthoptera
Species File, Version 5.0 ), J& &5 M B ARMIX 1Y
FEFERZ —, FEREFE M TR, £,
PUILSEH X (PP, 1993 ), HAI, kA ME
MBI 5Y 32 A v T O - kAR AR o R A
c-kit FpeERik CREAE, 2008), AW 5E
AEhetE (BIRAESS, 2015 ), ZRRiARSL R 41
FFRAESG LK EXRE (Han et al., 2016), SHE
Y SAE T ER S YRS R (Huang et al.,
2020; Wang et al., 2020 ). FEHZH K/ NFIEAL ( Mao
et al., 2020; Majid and Yuan, 2021) 557,
Horr, BT AR, Mao 55 (2020 ) Ml 1
JoL R MM BE R 2H RN, EPEAMA 9 813 M, 1
PEAMA N 9 424 Mb ., H TG T 2 #0857 2E )
207 TH ST AR X A D, R B T SR 2 B
R BT T

AT FE T Tlumina - 15 X5 52 {05k ol
HAAREG SR HEATIN T, I J Tl R v R A i
SR, I 22 T IR AR g2 15 o i 1 A DG 3
R o A 5T 25 A 0] 3= 5 0 2 R e 43 50l
W] Ay J5 2 KR G 5 A7 5 3 I A G R R 1Y) D e
W PR AL R G SRR o

1 MEERE
11 #HdEHh

RIS REAT 2015 4F 9 H RS ABIEA
VG 22T R o5 L, R EBUME I B 20501 FH 1 4
MR, o, M4 Ar44 o C abbreviatus F, 1
W4k C_abbreviatus M. 1GEEBRIBE G
JH 1% DEPC /KigWEEGH , WA BE, RIET
- 80 “CUKAR 5.

1.2 RNA RBRMSEENF

PRI A S e % 1 L, AR
HUE RNA, QIAGEN miRNeasy Mini Kit F T2
U RNA, HEHUY RNA FJ RNase Free /K% fi# ,
i Agilent 2100 Bioanalyzer A5l i (¥
B Sl Ko SRICEAR Y RNA BT
o OE T AR AR R SR A B, RO B R
Ilumina HiSeq 4000, SCFEMEATE A & RNA
féi Jfl DNase I {1k DNA J&, FJJ# Oligo (dT)
MIREER YT mRNA #4754 . mRNA AT
B, LAITWIS I mRNA A AR & il —
cDNA, #kifi& a4 cDNA., 4ifb[ahii, Ktk
K& . cDNA [ 3K Fogdt “A” &
3k, vEPERBE, JFUEAT PCR §M88. SCEMEH]
Agilent 2100 Bioanalyzer #1 ABI StepOnePlus
Real-Time PCR System #17 Jfife: . cDNA SC#E#Y
AR ER 0 P ) S

1.3 HFRAHE

i 1 SOAPnuke v1.5.2 24X} raw reads #£17
U/ RO E AN X (A5 SN S TR YN E SIS
N & HE11 51 reads, 3518 clean reads, i1, fi%
[t reads & MCAHBTREINT 10 A6 %
reads SR LU IR T 20%; ARG N &
R reads i LN N & H# KT 5% Trinity
Rt ( Grabherr et al., 2011 ) % clean reads #47
%%, [ Tgicl 14 (Pertea et al., 2003 ) X}
B SRR T R R TUAR 5 E) unigenes . ANHFSY
e UL R S S A S A RS B B Y
unigenes, FF|H Tgicl KX PIFEAH unigenes
BRI EZITURIRE AR unigenes, 44 N
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“All-unigene”, J&T arthropoda odb9 %4} ¢
fifi FH BUSCO v3.0.2 FRAFAG N4 55 21 i 1 56 3%
£ ( Waterhouse et al., 2018 ).

14 ERAIhEETEE

{#i F Blast ( Altschul et al., 1990 ) %} unigenes
#47 Nr. Nt. KEGG. COG } SwissProt {5,
LT Blast2GO ( Conesa et al., 2005 ) #1 Nr 2%
17 GO 18, f#H InterProScan5 ( Quevillon
etal., 2005) #t47 InterPro FEFE.

1.5 CDSHiifll, SSR #1 SNP #&il

SR RS R, #&M Nr. SwissProt,
KEGG Fil COG %4 2 B9 £ e , Bk 1% unigenes
By e B BeVE A% unigenes A9 CDS. X
REBE| A unigenes, LITUNAY CDS il
&, FIFH ESTScan i/ (Iseli et al., 1999) Hi
Il CDS., ffi[] MISA #f}: ( Thiel etal., 2003 )

Xf unigenes #£47 SSR A, f#i ] HISAT ( Kim
etal., 2015 ) #f clean reads H Xf %] unigenes, Ff
il GATK ( McKenna et al., 2010 ) ¥&illl SNP,

16 EREBRRAFERINGEEHRSH

Bowtie2 ( Langmead and Salzberg, 2012 ) H
TFH% clean reads H X% unigenes |-, RSEM ( Li
and Deway, 2011) FTit5RAFE 5 RN =
iEKF, {fifH] PossionDis J7ikifT 2 F 3
M. AR Audic A1 Claverie (1997 ) ik 7 i2
Kl DEG, 2% %} Fold Change=2.00, FDR
<0.001, BFxfZEfeA, R GO FERL Rt
TTIIRE25, KHE KEGG 1HEBES Rikfr 4= 9im
B2, R A phyper BREBUH T E T,
FHXt P-value {7 FDR #IF, FDR<0.01 i
MR E AR . T ks R R Y RIAIE L, A
WIFEH QRT-PCR SEHGYGIE 1 2 S b A 2
SRR KRR, 5195 0% 1,

x1 GEPREEBHEXNERRIEERE qRT-PCR WIE5|#
Tablel Primerssetsfor gRT-PCR analysis of differentially expressed genesrelated
toimmunein Calliptamus abbreviatus

Unigene 2% Unigene name J7 ] Direction

51913 Primer sequences

CL1384.Contigl_All F
R
CL1384.Contig2 All F
R
Unigenel7008_All F
R
CL2020.Contigl_All F
R
Unigene2736_All F
R
Unigene30267_All F
R
Unigene30438 All F
R
Unigene4564_All F
R

GTGGAGCAGTTCACAGCAGA
TACTGGACAAGTGCGAGCAG
CATCAGCAGCAGGTGACTGT
GGAAAGAGTGCTTCGCAGTT
TCTGGGACACTCATTCACCA
GGGGATCTGTGAAGATGAGG
GCGTGTTCTCTCATTGCGTA
GCAGTGGGAGCTACAGAAGG
AGGTGCCTCCTATGTGATGG
CACCATGGGAACAAATAGGG
CTTCCTTGCCGTAAGCTGTC
GAAGGTAGTCGAGGCGTTCA
CTTCCTTGCCGTAAGCTGTC
GAAGGTAGTCGAGGCGTTCA
GCCACTGAAACAAGCTGACA
CTGTCCAACACCAACACCAG
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2.1 HFEFIFBHSTMAEE

JO OB M MR G ZH A A C_abbreviatus F Al
C_abbreviatus_ M &4 1~ 4.46 Gb Y FTEAL
P, 3 8.92 Gb., PIIFEARHE M Q20 ML H 7
LR T 96.47%, Q30 KT 91.55% (% 2),
C_abbreviatus_F 1 C_abbreviatus M 2 %% 435115
F| 29 868 Fll 45 551 FRHLsRA, BN
18 305 116 bp F1 29 015 375 bp, “FIH 551 K
612 bp 1636 bp, N50 K J& 435114 995 bp Fl 1 104
bp( 3 ). % C_abbreviatus_F #1 C_abbreviatus M

133 334 4> unigenes, &K JE53514 15 669 494 bp
il 24 598 838 bp, FIEK IR 690 bp Al
737 bp, N50 KEE4r5128 1074 bp #1231 bp
(£ 3), &1 All-unigene &3t 36 804 14>, &L
K h 28 209 897 bp,N50 K JE >k 766 bp( % 3 ),
BUSCO Z5 334k 5] 761 ~5¢% BUSCOs (C ),
i 71.4% (3 4), KT R M AN BRI S 20 45
R (58% BUSCOs (51t 93.4% ) ( Zhao et al.,
2018 ), W& 5 @A4fRE Chorthippus biguttulus %
SEABHE (588 BUSCOs (5 65% ) ( Berdan
etal., 2017),

F 2 EE SRR VA A il R
Table2 Readsinformation of female and male samples of Calliptamus abbreviatus

JE IR IO B mi Ui U B mi B B S i BT IO R BRI i PR O

ik % (Mb) BE (Mb) (Gb) BEQ20 (%) BrQ30 (%) BNt (%)
Sample Total raw Total clean Total clean Clean reads Clean reads Clean reads
reads (Mb) reads (Mb) bases (Gb) Q20 (%) Q30 (%) ratio (%)
A R e 2 45.24 44.61 4.46 96.47 91.55 98.60
C _abbreviatus F
g R e 2 45.24 44.59 4.46 96.47 91.59 98.56

C_abbreviatus M

x3 WEPRERAAESIT
Table3 Summary of transcriptome assembly of Calliptamus abbreviatus

FEdh Sample PR SREE (bp) FEIREE (bp) GC &t (%)
Total number  Total length (bp) ~ Mean length (bp) GC(%)
25 N A S et e 2 29 868 18305 116 612 995 43.66
Transcript C abbreviatus F
A B e e 2 45551 29 015 375 636 1104 43.62
C_abbreviatus M
unigene A FE T et e 2 22708 15 669 494 690 1074 43.56
C_abbreviatus_F
A R e e 2 33334 24 598 838 737 1231 43.50
C_abbreviatus M
BEC AN 36 804 28 209 897 766 1315 43.62
® 4 EEBIRHERHEBUSCO HRE TR
Table4 Satisticsof BUSCOsin assembled transcriptome of Calliptamus abbreviatus
5S¢ 1 BUSCOs %:*“ﬁigé%m‘ SERFIATH) BUSCOs Bt BUSCOs %%k ) BUSCOs & HJ BUSCOs
Complete Complete ansd Complete and duplicated ~ Fragmented Missing Total Lineage
BUSCOs (C) single-copy BUSCOs (S) BUSCOs (D) BUSCOs (F) BUSCOs (M) BUSCOs
761 (71.4%) 674 (63.2%) 87 (8.2%) 164 (15.4%) 141 (13.2%) 1 066
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22 IhEEERE

%t 2H 6515 51 ) unigenes 7£ Nr Nt.GO .COG .
KEGG. Swissprot I Interpro & K RERH A rp
PEATHRE (£ 5), 3£ 21 137 /> unigenes i IN3K
FRVERE, 15 unigenes BN 57.43%, Hrf, Nr
ERR] 18 687 4~ (it 50.77% ), Nt R
10 191 4N 15 F6 27.69% ), Swissprot 7 # 51 15 026
A (i H 40.83% ), KEGG FEBEI 13 354 4~ (1
F£36.28% ), COG i B H 7 553 N 1 1£.20.52% ),
Interpro FERER] 12 795 4~ ({5 34.77% ), GO
TERER] 3269 41> (1L 8.88% ).

fE GO FdlifErh, Wit (Biological
process ) HIfCI IR ( Metabolic process ). 4 fify
if 2 (Cellular process ) FIFRLLZITFE ( Single-
organism process ) i B E| 1 unigenes %%, 7%
1531, 1516 1123 4>, ZifaZi 53 ( Cellular
component ) 2 fifd ( Cell ) FIZHAE R 43 ( Cell part )
HEREEIAY unigenes 2, #8968 1~ 7T IRE

( Molecular function ) A9 fL 7% 4 ( Catalytic
activity ) M54 ( Binding ) {EB 2 unigenes
%, 43 1808 Fl 14914 (& 1: A),

TE COG #diErh, 4147 13 903 4 unigenes
BEIER, wiklah 25 25 Hid, —BhfEm
Il ( General function prediction only ) ] unigenes
A 2156 4, B ALY & Uk H

( Translation, ribosomal structure and biogenesis )
A 1270 A, Bk OK AL & Wiz oA
( Carbohydrate transport and metabolism ) £
1010 4>, EHEBRFEEEM ., . 270
( Posttranslational modification, protein turnover,
chaperones /5 996 1™, &2 il F2H A& 42 ( Replication,
recombination and repair ) A4 922 4, HF

( Translation ) A 909 4~ (&l 2), LA, KEND)
fiEFY unigenes 3L 865 1>, 1L 6.22%.,
£ KEGG #¥EE 1, H45 23 543 4~ unigenes
Z 53| MMERE ( Cellular processes ). #1E{5 B
Ab¥ ( Environmental information processing ). jit
%45 BALPE ( Genetic information processing ). A
2% (Human diseases ) . Rl ( Metabolism )
MAWLERSE ( Organismal systems ) 3X 75 KA iff
ggh (B 1: B ). Hrr, AASHE K H 1% unigenes
% (63081, (L 26.8% ), Hbifs BAbaim
& unigenes 7> (1885 14~, Lt 8.0% ). 7E
42 AAEHE R T 200H, EA 900 4> unigenes
DL ERZEOE : 2R ( Global map ) A 2 092
A, #F (Translation) A 1252 4, [E5HS
( Signal transduction ) A3 1 1351, 4 EYLE
% (Infectious diseases: Bacterial ) £ 1 048 1>,
R P 1L YL (Infectious diseases: Viral )/ 1 037
1, JHIERS (Digestive system) A 1 030 4>,
32 FIR5f ( Transport and catabolism ) A 950 1>,
P A58 (Immune system ) /5 932 4~ (K[ 1: B),

2.3 CDSFiilll

unigenes ) CDS 45 R L% 6, Hrfr,

blast I F|H CDS A 18 696 4>, BN
12 610 176 bp, K & 674 bp,N50 A 1 023 bp.
ESTScan Filill#] CDS A 3 560 4>, BEEH
1 179 609 bp, V#4144 331 bp,N50 4 330 bp.
MALFM ) CDS A 22 256 4>, MK EN
13 789 785 bp, F-HH &K 619 bp, N50 Sk 927 bp,
GC 1M 49.14%.

24 REESEBEEXEENGE
2% Nr ERER, 16 2 E %R

x5 HEVERERALXDREBEEIRSITR

Table5 Satistics of seven functional annotation databases of Calliptamus abbreviatus transcriptome

BUE Values B Total Nr Nt Swissprot KEGG COG Interpro GO Overall
#¥(H Number 36 804 18687 10191 15 026 13354 7553 12 795 3269 21137
4 0
BSE (%) 100.00 50.77 27.69 40.83 36.28 20.52 34.77 8.88 57.43

Percentage (%)




+ 1372 -

I FH B H 2441t Chinese Journal of Applied Entomology

60 %

Behavior

Biological adhesion

Biological phase

Bmlngu:a regulation
orb

Cellular process
Developmental Erl%cess
wth

Cellular component or

Immune system process
Localization

Locomotion

Metabolic process

Multicellular organismal process
tl-orgamsm process

process

Posmve regulation of biological process
Regulation of biological process
eproduction

Reproductive process

Response to stimulus

yt.h.m.lc process

Singl Signaling
ingle-organism process

gle-org: 2 pos

Cell junction
ell part
Collagen trimer
Extracellular matrix
Extracellular matrix part
Extracellular region
Extracellular region part
Macromolecular complex
Membrane
Membrane-enclosed lumen
Membrane part
Nucleoid
Organelle
Organelle part
Synapse
Synapse part
Virion
Virion part
Antioxidant activity
Binding
Catalytic activity
Electron gcla:lmer activity
Enzyme regulator activity
Guanyl-nucleotide exchange factor activity
Molecular transducer activity
Nucleic acid binding transcription factor activity
Protein binding tmnscnptlon factor activity
eptor activity
Structural molecule activity
Transporter activity

g

1123
68

968

430 508

o
som613
10

_41

*76
il

_16312

1516

1531

1491

PISOS

500
FEF%H Number of genes

1000 1300 2000

Cell communication
Cell growth and death
Cell motility
Transport and catabolism
Membrane transport
Signaling molecules and interaction
Signal transduction
Folding, sorting and degradation
Replication and repair
Transcription
Translation
Cancers: Overview
Cancers: Specific types
Cardiovascular diseases
Endocrine and metabolic diseases
Immune diseases
Infectious diseases: Bacterial
Infectious diseases: Parasitic
Infectious diseases: Viral
Neurodegenerative diseases
Substance dependence
Amino acid metabolism
is of other dary metabolites
Carbohydrate metabolism
Energy metabolism
Global map
Glycan biosynthesis and metabolism
Lipid metabolism
of cof? and vitami|
Metabolism of other amino acids
of terpenoids and polyketid
Nucleotide metabolism
Xenobiotics biodegradation and S
Circulatory system
Development
Digestive system
Endocrine system
Environmental adaptation
Excretory system
Immune system
Nervous system
Sensory system

Ri 1
Y

Metahali

Metahali

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 7 1rrrr1rrrrrTrTroTrT

883
[ 392
[ 53 5
—— 950
e 193
557

1135
876

715

— 660
519

[ 207
1252

|

_83 161
I 1 048
[ 568
I —1 037

739
I 229
686
20

—— 857
[ 215

[—— 387
[ 366
15

627

!j

[ — 408
[ 300
[ 335

T 363
1030

[=)

[ 55
251

[ — 932
e 513

2092

T 134 |
1000

F:N%rH Number of genes

2000

ER7peK:d

Biological process

2 2H o>

Cellular component

5 FIhEe
Molecular function

At

Cellular processes

PR S A B

Environmental information processing

AL B ALER

Genetic information processing

NSRBI

Human disease

i

Metabolism

ARG

Organismal systems

Bl E2WEHERMEGO (A) MKEGG (B) EESH
Fig.1 GO (A) and KEGG (B) pathways of Calliptamus abbreviatus transcriptome
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Translation, ribosomal structure and biogenesis |
Transcription |

Signal transduction mechanisms

Secondary metabolites biosynthesis, transport and catabolism [
RNA processing and modification -

Replication, recombination and repair -

Posttranslational modification, protein turnover, chaperones |
Nucleotide transport and metabolism |

Nuclear structure -

Lipid transport and metabolism -

Intracellular trafficking, secretion, and vesicular transport |
Inorganic ion transport and metabolism

General function prediction only |

Function unknown -

Extracellular structures -

Energy production and conversion |

Defense mechanisms -

Cytoskeleton -

Coenzyme transport and metabolism -

Chromatin structure and dynamics |

Cell wall/membrane/envelope biogenesis -

Cell motility -

Cell cycle control, cell division, chromosome partitioning -
Carbohydrate transport and metabolism |-

Amino acid transport and metabolism |
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Fig.2 COG result of Calliptamus abbreviatus transcriptome

R 6 EEWREFA unigene By CDSTHIME R
Table6 CDS prediction results of Calliptamus abbreviatus unigenes

LGS SEH BRI (bp)

SFEIRIE (bp)

GC & (%)

Software  Total number  Total length (bp) ~ Mean length (bp) N30 N70 e GC (%)
Blast 18 696 12 610 176 674 1023 603 288 49.01
ESTScan 3560 1 179 609 331 330 261 216 50.52
Overall 22 256 13 789 785 619 927 522 261 49.14

ZH A A AR TR A A DG A Tl R
it 114 DEE S HIERER Toll gk I (3
97 /> unigenes ), H:H1, 9 4> unigenes & MyDS88,
5 /> unigenes & Pelle, 2 > unigenes "N Cactus,
1 4~ unigene A Dorsal/Dif, 1 /> unigene 4 tube,
1 /> unigene & TRAF6, 78 > unigenes "~ Toll
(% 7). it 14 DHEEF S HERS] IMD il #
I (% 9 4> unigenes ), X4t unigenes PJ{F R
FIKK E (£ 7),
KEGG HRfE B o, 3t 70 MR KH
LEREE] JAK-STAT {55 (ko04630) (fL7
54 4~ unigenes) (& 3), H 4 $E EPO,

CytokineR . JAK Fl1 Cbl %, IIt4h, A 29 43 H
Z HIERS] MAPK d# i (ko04013 ) (f175 21
> unigenes ) (& 4); 74 NEEHAHERER] Toll
FEZ K[ Toll-like receptor ( TLR ) i {4 ( ko04620 )

(f145 66 4~ unigenes ), 51 PHEF & HFERR
NOD #£:5Z14( NOD-like receptor )if #%( ko04621 )

(f1%% 41 /> unigenes ), 46 FEH K HERBE]
RIG-1 #£5Z{& (RIG-I-like receptor ) il 4

(ko04622 ) ( f3 % 38 /> unigenes ). 2 fEFEAY
PR OC ) AL R R R R B, s 173 4>
B H 52508 -4 3 P450 (Drug
metabolism-cytochrome P450, ko00982 ) i & AH
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*k 7 EEPRERAMTEINRREIERE
Table7 Immune pathways obtained in Calliptamus
abbreviatus transcriptome
N B R B N AR
590 F FwsEEE BRI unigenes
Signaling  Numbers of %0 H Numbers of
molecular genes annotated ynigenes annotated
by the Nr database by the Nr database

Pathway

Toll MyD88 9 9
Pelle 5 5
Cactus 2 2
Dorsal/Dit 1 1
tube 1 1
TRAF6 1 1
Toll 95 78

IMD IMD 4 0
IKK 9 9
Relish 1 0

% (A28 117 /> unigenes ), 174 NEHF L H 540
(3R P450 2 5 BN IE Y B Metabolism
of xenobiotics by cytochrome P450, ko00980 ) i
PEAHSE (£075 115 /> unigenes ), 228 NIEK 4 H
525988 ( Drug metabolism of other
enzymes, ko00983) il HHX (F& 159 4
unigenes ), 115 DHEH K H 54 M H AR

( Glutathione metabolism, ko00480 ) i &+H%

JAK-STATS 3
| JAK-STAT signaling pathway |

(f17% 66 /> unigenes ), 7 5 7 na o ER fE 22 A
AH 5% F 3 [ 7 H At B B S 5l b o A
(Zhao et al., 2018; FMARMEESE, 2020 ),

25 EREBERRESH

T 3 L A e S P R R ) 2 i
ZHHHE ( C_abbreviatus M VS C_abbreviatus F ),
FAG 8 125 MREFRIBER, Hr, 6 326 ™K
RFRIEFEA, 1799 AT IEHFRIREEN (F
5)o FIIH GO #dis e xt 22 5 3Rk L A T D g v
B, HX) 25 SRR L AT D RE A 2R g1 H 1L 6 )
GO #¥ig b, AE W2z F2 AR 2 Metabolic
process ). AL dFE ( Cellular process ) FIFE—A
HUAISFE ( Single-organism process ) 1 2| it Jik
Wi, 4351k 412, 393 F1 297 45 4L 5
A (Cell ) FNARAEERSY ( Cell part ) FEREEI Y
unigenes k%>, o8 255 4> 4T IIREH AT
P4 ( Catalytic activity ) Fl1Z54& ( Binding ) {F B3|
] unigenes %, 43l i& 497 Fl 385 4~ FlH]
KEGG Htfa i xt 22 S R B AT TR B 6
A). KEGG ¥, SAHENRZH 5
5 2R (Global map ) £ 762 4>, i
L &5 ( Digestive system ) 5 465 1>, HE &Y
7% (Infectious diseases: Bacterial ) A 449 14>, {5
S5 (Signal transduction) A 413 14>, #iF

( Translation ) 4 408 1~ (K1 6: B), 25Kk

Endocytosis_ - 1 Lysosoral
f proteolysis biquitin mediated
| proteolysis
| L)
+
I (7 Cbl _____________:__g ___________ 4
ol | (- » e T {501
IFN/L1( | | STAM IFNa
— A |
1L23] ==Lkl | a4 4, N w—— d
JAK STAT omo/hetero > 0 —» -
N STAT dimpers Growth, proliferation,
P E N P :
UPD' P _\STAT5 !:CIS ——+» fate determination,
Cytokine SHP1

Cytokine-cytokine
receptor interaction

Ras/MAPK

MAPK signaling)_ . / X .
D = O —[BcIXL] —»  Antiapoptosis

development, immunity

= Cell cycl
m‘

] (CAvoposs )

Toul

P +p
| PI3K ————»  Antiapoptosis

B 3 EEMIeFRAE JAK-STAT 5 5@
Fig. 3 JAK-STAT signaling pathway of Calliptamus abbreviatus transcriptome
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MAPK {558 #%
I MAPK signaling pathway I

MAPKKK MAPKK  MAPK
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+ +
Tsl [ Tor || Drk | Sos —#»[Ras85D—| Phl }—I)D{Dsorll—l)blRolled]—+pP oy
\ Csw Terminal patterns

+ + 4
[ Gk —»[ Egfr —»] Drk [ Sos —»/Rasss0—»[ Phi || Dsori}—»[Rolled—— 3 Dorsal patterns

R8 cell R7 cell
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Eye development

B4 FEEPEFEFREA MAPK FSEE
Fig. 4 MAPK signaling pathway of Calliptamus abbreviatus transcriptome
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Fig. 5 Differentially expressed genes (DEGS) of

Calliptamus abbreviatus transcriptome

(C_abbreviatus_F vs. C_abbreviatus M)
KEGG 7R, 22 /> unigenes 73 B 2| BR 4 )%
HEH) JAK-STAT {5k [, Hr, EPO,
JAK. SHP2. SOCS #ll CBP %7 M A~ A i I
¥, 1 EPO. Cbl Fl CBP &Mtk A T i .
6 1> unigenes {12 MAPK {551l I, Hr,
Tsl. Csw. Pointed il Yan 7EMEMEAMAA i,
1M Boss 1 Sev FEMEPE MR T . BRALBEAH
FEPI 22 5 3R A HE H QRT-PCR SEH 45 R LR, 8
AN EFFIKILNE qQRT-PCR 45 FEAHE 410 7
BERBEEAR—F (1 7), RUVH A 45251 )
5, PN I RE A B 22 S R BL A A A 2
FROHED

2.6 SNP #1 SSR #&i

3+ BI7E C_abbreviatus F fil C_abbreviatus M

HHUESE T 36 508 1139 531 > SNP il (£ 8),
C_abbreviatus F 415 22 271 M4 (11 272
A~ A-G F1 10 999 4~ C-T FI 14 237 /4 i 3 457
A~ A-C. 353614 A-T., 36794 C-G Fl 3 565 4~
G-T ), C_abbreviatus M H47% 24 028 i

(12292 4> A-G 1 11 736 4~ C-T ) 115 503 4
Hi4 (3 865 1 A-C. 3 729 1> A-T. 3 987 > C-G
13922 4 G-T ), C_abbreviatus M ({554l
Hii##:3% 7% F C_abbreviatus F,

SSR 751 B A 28 209 897 bp, 4 6 227

A, AE SSR BFSNELH N 4 957 1~ (R 9),
Hrfb, f4& 1 4LLE SSR h 924 4, LIEAY
FETERY SSR A 564 4>, F LT SSR A 1335
A, KT SSR A 2 634 4, =PAEHEE
SSR A7 1978 4>, MUmZEE L SSR A 1311, H
Bl 3L AN 7S Bl 2L A SSR %I 75 A A 74 A
8 ) WU AL H & SSR i -5 1Y AC/GT E A 26,
31 522 4, HJE AG/CT. AT/AT, CG/CG 2
R, =REFEERE SSR i F & KAl AGC/ CTG,
HWKl CCG/CGG.,

3 itig

AHIFFEAE FH Tlumina =538 B0 7 6 % 4 2
S L A A () S EAT TN, 3RS 8.92
Gb A9 i s 50 , 41259845 36 804 1~ unigenes,
IR 766 bp, NS5O 1B 1315 bp, 4144815
1 unigenes %5 B W&/ HoAth D05 iy i e, 511
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Fig. 7 TheqRT-PCR of differentially expressed genes (DEGS) related to immune
in Calliptamus abbreviatus transcriptome
A. qRT-PCR £ [FFiA%45 8 ; B. gRT-PCR Hll RNA-seq 45F; C. qRT-PCR Fll RNA-seq FYHHEME: .
A. Gene expression results of qRT-PCR; B. The results of qRT-PCR and RNA-seq;
C. The correlation between qRT-PCR and RNA-seq.
®8 WEMLHRA SNPERERSIT
Table8 SNPvariant type summary of Calliptamus abbreviatus transcriptome
v o i
P A-G C-T %%‘L AC AT CG GT it _ Total
Sample Transition Transversion
A L S ek A 11272 10999 22271 3457 3536 3679 3565 14 237 36 508
C_abbreviatus_F
i S i e 2 12292 11736 24 028 3865 3729 3987 3922 15503 39 531
C_abbreviatus M
Fx 9 EEWEFERA unigene B SSRs 4tit
Table9 SSRssummary of unigenes of Calliptamus abbreviatus transcriptome
% H Item i Number
PEA A P31 S 4R Total number of sequences examined 36 804
PEAG Y 731 5 KN Total size of examined sequences (bp) 28 209 897
YU SSR E4X Total number of identified SSRs 6227
£1% SSR 1744 H Number of SSR containing sequences 4957
A% 14U E SSR #7540 H Number of sequences containing more than 1 SSR 924

VI & WFE7ERY SSR X H Number of SSRs present in compound formation 564
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TEFH I #5537 840 /> unigenes ( XIFESE, 2016 ),
S ANRERR S 43 187 4 unigenes ( Zhao et al.,
2018 ), 31 21 137 /> unigenes #% & R K 2 i,
)R, o unigenes B 57.43%.

GO BRI 3 A~ FZS0 0, i B s
KT AR IR F B S (EREESE, 2016 ),
KA APBERRIE ( Zhao et al., 2018 ). HZA#E ( Qiu
etal., 2017) FirhAegt (HhilE 555, 2020) A
HHATUE Ceracris nigricornis( Yuan et al., 2019 )
SR U S BR EE AR, YRGS R L 2
ORI i T 1) 1 A R N e A
FFEBRRRZITH) . i d, ik

( Virion ) FIF RIS ( Virion part ) 4% FHAUE
1 4> unigene {FHH|, X5 HALE GO 7725 —3
(Qiuetal., 2017); # (Nucleoid ) H{LA 1
/™ unigene JERER, X556 A AR B AR AL R
W4l e —3( Zhao et al., 2018 ; #1525, 2020 ),
COG ZEoilr, i AR INHERY unigenes [
# 6.22%, /N HABT PR EE EH R, i
KAME AN Shirakiacris shirakii( Qiu et al.,2016 )
1 23.1%, HARKER 20.2% (Qiuetal., 2017 ),

HAEERTHY 8.7% (iR B 55, 2020 ), MAKH AT

X E# H R U sk R B o Aok i 2
SR, AR Z P A R AR RIIEIE R T8, XA
BRI FE R e SR AR OCEHIE . KEGG g,
i RIS 900 4 unigenes DA G2 I S5
g @RSl ( X)HESE, 2016 ), 26.8%F) unigenes
Z 53R rt, PThEEIERAR
35.1% (#hE B %, 2020 ), 9%MY unigenes 25
FIEARBE . 1. LMD, RS
FrhAEEITN 19.56% (il 5%, 2020 ),

Ji LRGSR, Toll 3@ % . IMD 3 #% Al
JAK-STAT {55l g rh 458 T 160 15 KIRGuiis
AHIEHY unigenes, HRMEH, Toll ZARXTIIG A E
g e E 2, HILRA P SILgHmE T 9 F
Toll 5214 ( Valanne et al., 2011 ), i Toll 8
TE B 22 [ PH P TR L T R g e o OB AR

( Lemaitre and Hoffmann, 2007 ), Toll %48 £ %
i Spatzle. Toll, MyD88. Tube. Pelle, TRAF6,
Cactus il Dorsal/Dif %# 44340 i Li et al., 2013 ),
Horpr, MyD88 /& Toll-IMD 1551 [ 14 S b 167 4
53F (Dai et al., 2021), %415 FFEAER A #
gl A RER] (I 9 /) unigenes ), HbEHT,
Toll {55 7F Toll #i% Z Wi th{f L H Spatzle & [
fih % ( Shmueli et al., 2018 ), It Spatzle 41437E
IRV G FIPE e F S B i B 2] ( Zhang
et al., 2015; IESE, 2016), (HAEM @IS
B oARPE R,

IMD 44 3= %67 5 AU =2 [Q R M o A b
O L [CBHME R, mlia) NF-kB 2[4 Relish &
A LA, %R 2l IMD, dFADD,
dTAK1. Dredd, IKK #1 Relish 4415341 ( Li
etal., 2013 ), Nr ZHa PR RS R A Il AL st
1 9 > unigenes YJTEREF] T IMD i #% LAY IKK
4y, FRERIAY IMD 8 [ 41 53w/ T H Al e He
Bl Pene L SR B, A 13 /> unigenes E
B2 IMD 38 5, A145 14> unigene 1# B3] IMD
I, 1> unigene {F#%| dTAK1 [, 1 4> unigene
HERF IKK |, 9 unigenes 1£#:% Dredd I,
1 1~ unigene {EBEE| Relish I, A K4 %4l
¥effrh, IMD J# B ERES] IMD, FADD. Dredd.
IAP2 . Takl, IKK. Relish I caspar 4143 ( Zhang
et al., 2015). ki, 3H H E H i &
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Acyrthosiphon pisum JEF A1 B R, Fodl -
Gi/b IMD 5538 B VR 22 Gy, o
PGRP. IMD. dFADD. Dredd #1 Relish ( Gerardo
etal., 2010 ),

JAK-STAT {5538 fif & —Ff = B O SF 1 B
SR PEF 5 %, W STAT . Hopscotch .
Domeless Fl 3 /> & Bt X 19 AH 5¢ B 4 241 5%

( Kingsolver etal., 2013), %A #IEHA 54 4~
unigenes 12| T JAK-STAT {5 58 #% [, H
VFZE M (0 CytokineR \JAK . Cb1 . SHP2
Ml PI3K ) TEPEME b [FIAER T B3 (RS,
2016 ).

MAPK {553l i) ZAFE T B AW, A
e Z R R i sk 2l 8 il 31 MAPK (5
S, FlAnEME (Qiu et al., 2017; Zhao
etal., 2018). @ H (Caoetal., 2015). fE#H
H (Daietal., 2021 ) F## H (Lietal., 2020)
o AL 21 4> unigenes 1R E] MAPK
fE 5%, #HXE 93+ Drk., Ras85D. Dsorl
Fl Rolled “[RIFEFEPEMR S, SE2H et B3 (BB
RS 2016),

SR R W A Sk 2 RS HE R R R OGS TR ) 22
SEFIRFEA T, JAK-STAT 1 MAPK {555 #7F
TP B U420 R Y unigenes 155 TP AR R 43
2, PB4 SR s PR AR ) S 28 B8 7 P RE
o THEPEAA, SR, BT 2EUEN T, MR
PRI S g e 7 LU EME R | SO OC i 2 S M e A
{22 1] 928 588 55 PO RIE 5 AT o 185 o i 52 JEURE ok i
— AT AT MR . B AN, AR R H
Rhynchophorus ferrugineus (i) 62 #H A 1
PRIRFEHLGIE T, e IUAC C T 2 vl R4kt = S sie
AR A, H AR DI REIE W PR 1) B 2 45 1 ] g
SEA R S HAbE R (AR AR VLT .
ZEHE . BRI A ) A TAUET (Puetal., 2021) ),
AL, B R — RAAERT R 22 nad A, UL,
i L S L A 2L 2 [R) 1Y) B i R D 5 55 A fE A2
ZH IR R, AR,

SSRs J¥A iz oA T B A Y A EA% A=)
FEHA, R it e Ay E Lz
- FhRice wilan, JRMERISE (2021) J£TF SSR

Y FRRICHFIE T8 B sS B B S P ve % .
AUMESE (2021) BF5E T 6 A H B i 5L
() SSRs J¥41), & LA BRI R REA 1
Bl L ST = i I LA P 3] S AL s e v ek
WIF] 6 227 /> SSRs, /> TPEIE T 9 287 4~ ( B
B, 2016 ), HZ TAEBAE R 1LY 4 847 4> (X
4E4F, 2016 ) FIR I Epacromius coerulipes
)5 696 4~ ( &7k¥4F, 2015), XAl NJFEL5)
FARIC T A AR AR S

AR IR G 2 o e S M A A B S 2 B
() RGEMEEGY , T REARAS I 5 R AR S A G 1)
H6 RN B PR R 3 — 25 00T 5% R 2 300 s 2 1 T 3
Tilt o AR 2 SR A 14 i 2 30 5 3 S P 3 % S
SR G S T N AR FEARSE R AT RNAG, X8
e ST 2 RO T Ay i R e D 3 PR A I % S
FARIC I A 55 7 T4 E A A B, dmT
HIGBRAN R R R KT RFRGERES%
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