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Comparative transcriptome analysis of sex-biased genesin the
ovary and testis of Helicoverpa armigera
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Abstract [Objectives] The cotton bollworm, Helicoverpa armigera, is one of the most serious pests of cotton, corn and
many other crops in China. Although high reproduction is the basis for outbreaks of this pest, information on reproduction-
related genes of this species is lacking. [Methods] We sequenced ovary and testis transcriptomes of H. armigera on an
Illumina HiSeq2500 platform and identified numerous genes that may be involved in gonadal development, gametogenesis and
reproduction. [Results] Raw reads were assembled into 100 603 unigenes with a mean length of 666.05 bp and an N50 of 1
114 bp. A similarity search resulted in 52 071 unigenes being annotated, most of which with reference to the Nr database. Gene
expression in the ovary and testis were then compared, and 7 714 differentially expressed genes (DEGs) were identified.
Among these genes, 3 288 were up-regulated in the ovary and 4 426 were up-regulated in the testis. Based on KEGG
enrichment analyses, the pathways involved in the regulation of gonadal development and gametogenesis were identified,
including the “mTOR signaling”, the “Oocyte meiosis”, “Insulin signaling” and “GnRH signaling”, pathways. To further
screen the transcriptome database, numerous DEGs involved in gonadal development and gametogenesis were identified,

including vitellogenin (Vg), vitellogenin receptor (VgR), chorion-related genes, testis-specific serine/threonine- protein kinase
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and spermatogenesis-associated protein. Finally, twelve DEGs were selected for RT-qPCR analysis, the expression patterns of

which were consistent with the results obtained from transcriptome sequencing. [Conclusion] This study acquired the

transcriptome data and identified a series of genes related to gonadal development, providing a basis for exploring the

mechanisms regulating reproduction in H. armigera.
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Tablel Primersused in thisexperiment

5|#) 75 Primer sequence ( 5'-3")

p ?ilri@er I Gene name EM 5% Forward primer S Ia151% Reverse primer
c40012  keratin GCTTCAACAGCTACCCGAAC CGTATCCTCCTCCACAGCAT
c37343 leucine-rich repeat extension-like protein I TCCATACCCCTCTCATACGC TAAGCTGGAGTGGCTGGTCT
c40761 lipase 3 TCCCTGTGGTATTGGGACAT  TCTGCAGTCTCACGACATCC
c40153 cortex TATGCTGCTTTTCCCGAGTT CTTGCAGCAGTGGATGTTGT
c30351 G2/mitotic-specific cyclin AGACACCGAACGAAGCAGAT AGTGTTGATGTCCCCCAAAG
c38734 cell division cycle protein 20 ACCTCAACCTCGTTGACTGG GAGCAAACAGTCTCGGAACC
¢32244 transcription factor Sox 14 GGTGCACAGTGGAAAGACCT TGTAATCCGGGTGTTCCTTC
c31141 elastin-like protein CTTAGGAGGCCTAGGCAGTG CACCTCCATAGCCAATACCG
c34667 spidroin AGGTTACAGCGATGCAAGTG GTAGCCTCCGTATCCACCAT
c36498 threonine-protein kinase 2 TAGCGGCCTGCAATACCTAC AATCCGCCAGTTTTACGTTG
c35887 trypsin3A AGTATCAGCCTGCGGTCTTC  ATCTCAGGGTGGATCTCCTG
c44218 chitinase TGCGGTATCGTCTGTGAGAG GGGCAACCTTCACTAATCCA
B-actin  S-actin GCGACATCAAGGAGAAGCTG CGTCGCACTTCATGATGGAG
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FFNFEA P 4R 8.13 Gb DU F iy s (3%
2). GC ZHTF 48.18%- 51.81%Z 6] . T PEEA

Q20 ¥R T 97%, Q3 ¥R T 93%( 3K 2 ). 4 Trinity
%e, AR5 145 345 PMFESEA, Hip 41 778 4~
K RKT 1000 bp, N50 (T 50%r A ZH R
A3 K unigene K& ) KK 2 355 bp, WHE%
ARFEATLHRE T, $K45 100 603 > unigenes, Hirf
K EYE 1 kb A FAY unigene A 13 573 4%, V1Y
K H 666 bp (%3 ),

*2 BERRRENF~E4t
Table2 Satisticsof transcriptome assembly for Helicoverpa armigera

BfEgdE (4>)

KN (Gb)

GC &1 (%)

Fhdi % Sample Clean data (n) Clean bases (Gb) GC content (%) Q20 (%) Q30 (%)
KL 1 Testis 1 30 206 422 9.00 48.97 97.43 93.30
i 5 2 Testis 2 27371 235 8.17 49.24 97.36 93.11
K 5L 3 Testis 3 29 929 395 8.93 48.18 97.38 93.18
GIEL 1 Ovary 1 27327 955 8.13 51.81 97.65 93.72
YR &L 2 Ovary 2 29 899 952 8.91 51.44 97.58 93.58
&L 3 Ovary 3 33339 151 9.94 51.55 97.54 93.47

F3 WEBBRRENFHENEERESH
Table3 Quality of the assembly results of Helicoverpa armigera transcriptome

KR 57K Transcripts unigenes

Length range (bp) ¥4 Number H 47 kb Percentage i Number T 43I Percentage
<500 79 905 54.97 72518 72.08%
500-1 000 23 662 16.28 14 512 14.43%
1 000-2 000 18 758 12.91 6 895 6.85%
>2 000 23 020 15.84 6678 6.64%
BEL Total number 145 345 100 603
BEE (bp) Total length (bp) 154 402 239 67 006 574
N50 K& (bp) N50 length (bp) 2 355 1114
SEXYKE (bp) Mean length (bp) 1 062.32 666.05

22 EREINEEFREMSSE

PR AL AT Y5 Nr, Swiss-Prot, GO,
COG. Pfam #l KEGG S58(i FEFEATILAS, FoAy
52 071 4% unigenes FRIFIERELER . 5 Nr £di 2
FEXS A& B, Horbr S5 4% U DERC Y BE PR P 91 de 22

(34.21% ), MK N AMZFR M Heliothis
virescens ((7.76% ), 45 XM Papilio xuthus
(4.99% ), #EUR I Spodoptera litura (4.23% )
(1), RIE GO Bl FEMTERLR, IE

B Zmaesre T R " ( Metabolic
process ), “HEfLIEME” ( Catalytic activity ) 1 “4f
ffi” (Cell), 43547 9 100, 9 386 #1 6 272 4%
unigenes, JMJ& “EYERT. o TIIEE” M
“HIMLLSY” KIS (1B 2), MAh, 45t KOG )
REM TR 730 25 26 (&L 3), A 19.04%0
unigenes ¥IHN “—f&KIIEE” ( General function
prediction only ), R A “BIIFEE B~
(9.89%), “f55ieHLH" (8.66% ), “HElPE.
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* F7A Up: 3288
* "~ Down: 4 426
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Bl WEHMEMBEERREEFRNILER
Fig.1 Comparison of differentially expressed genes (DEGS) in ovary and testis of Helicoverpa armigera

A. P ELHIRE SRRk

SSILERLE; B B ELADR SER 0 DA B AL

A. Venn diagram showing the DEGs between ovary and testis; B. Scatter plot showing the DEGs between ovary and testis.
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Fig. 2 GO classification of the differentially expressed genes (DEGS) in ovary and testis of Helicoverpa armigera
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FLRl%E 5% [ -FBasal transcription factors -
N %ﬂ@éﬂiﬂﬂﬁ.t Apoptosis-ﬂy - SEERCR
Wntf5-518 % Wnt signaling pathway Gene number
Z ZN-FHE A FK# Ubiquitin mediated proteolysis - 20
RNAF%f# RNA degradation . gg
mTOR{5 538 % mTOR signaling pathway - gfti g value
PREAIEE & Base excision repair B 100
4EFi {68 Mismatch repair - 0.75
[R1J5 B 41 Homologous recombination - 0.50
BHMRYVIREE Nucleotide excision repair - 0.25
RNA#%;iz RNA transport o 0
MAPK{5 518 # MAPK signaling pathway-fly -
JEAHE# ML % Fanconi anemia pathway
DNAZK #|DNA replication |
E R YRR B, Ribosome biogenesis in eukaryotes |- i - .
2 3 4
EHHF Rich factor
B smmssamA R AR o R Valine, leucine and isoleucine degradation |
IZp4Ri5t Purine metabolism p
ZE H ki ) Protein export |
RigStE5 % S Phototransduction-fly
E{L#EiR L Oxidative phosphorylation p
HiAth B WEFEAR Other glycan degradation | FE
AR Nitrogen metabolism - Gene number
P IE B AR HH E 4 ] Neuroactive ligand-receptor interaction | ;8
MAPK 5 58 % MAPK signaling pathway-fly .30
YARHA Lysosome |- 40
MR B A )-8 L Glycosphingolipid biosynthesis-ganglio series qfH g value
KEEPREY) S L Arginine biosynthesis - - 1.00
SHA4EHLIT Apoptosis-fly | 0.75
E H K Proteasome | 0.50
HEmR, 28BN Glycine, serine and threonine metabolism | - (())‘25
BB 42 9)& i Glycosaminoglycan biosynthesis-keratan sulfate |
FIE4& Phagosome |-
Hih#ERs i Glycerolipid metabolism |
FF AT P& Longevity regulating pathway-multiple species |
REH O-BWEH: 96 i Mucin type O-Glycan biosynthesis S A S

2.5 5.0 7.5100 125
‘H4 K Rich factor

3 MEHNEEREXRRAEFRN KEGG RGHBREESH
Fig. 3 KEGG pathway enrichment of the differentially expressed genes (DEGS) in ovary
and testis of Helicoverpa armigera

A, GRS B FRIA R 1 KEGG AU #4504 : B, DS N IRIAIE Y KEGG fUIiE #% & 5 704
A. KEGG pathway enrichment analysis of the up-regulated DEGs in ovary relative to testis;
B. KEGG pathway enrichment analysis of the down-regulated DEGs in ovary relative to testis.
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Table4 Identification and the expression analysis of genes associated with ovary and testis

development of Helicoverpa armigera

FHF 5 unigene ID

IJREH: A Functional annotation log,FC

g WHHE g value

RS R HAMXHEE Genesassociated with ovary development

¢32631.graph_c0 chorion class B protein Ld34-like 11.85 531x 1071
c36551.graph_c0 chorion class B protein PC10-like 11.71 0
¢34767.graph_c0 chorion class A protein Ld2/Ld41-like 11.69 1.51x 1017
c40012.graph_c0 keratin-associated protein 5-5-like 11.58 0
¢35052.graph_c0 chorion class A protein Ld12-like 11.41 8.71x 107
c37343.graph_c0 leucine-rich repeat extensin-like protein 1 11.40 4.74x 1071
c40761.graph_c0 lipase 3-like 11.15 0
c40153.graph_c0 cortex-like isoform X3 10.96 5.93x 10"
¢34529.graph_c0 chorion class A protein Ld19-like 10.84 1.26x 107'%®
c43147.graph _cl VgR 10.77 0
c34331.graph_c0 chorion class A proteins Ld24 10.44 2.82x 10716
¢39566.graph_c0 chemosensory protein 26 10.43 5.33x 10°%
c43279.graph_c0 Vg 9.89 0
c34478.graph_c0 chorion protein E1-like 8.67 3.09x 1072%
c30351.graph_cl G2/mitotic-specific cyclin-B 8.50 0
¢39326.graph_c0 ubiquitin-conjugating enzyme E2-24 kDa 8.15 0
c32244 .graph_c0 transcription factor Sox-14 7.37 0
c36427.graph_c0 acetylcholinesterase-like 7.25 0
c38734.graph_c0 cell division cycle protein 20-like protein 6.03 0
c41524.graph_c0 tudor domain-containing protein 7A 5.02 0
¢29245.graph_c0 protein lethal (2) essential for life 4.90 0
K5 & FM% Genes associated with testis development
c31141.graph c0 elastin-like -12.32 0
c34667.graph_c0 spidroin-1-like isoform X3 -12.13 0
¢35626.graph_c0 seminal fluid protein -11.92 1.14x 1071
¢36498.graph_c0 testis-specific serine/threonine-protein kinase 2 -11.92 3.99x 107104
¢33283.graph_c0 seminal metalloprotease 1-like -11.69 231x 10
¢35887.graph_c0 trypsin 3A1-like - 11.66 3.66x 10777
c33878.graph_c0 small proline-rich protein 2H-like -11.64 1.98x 10712
c36588.graph_c0 trypsin beta-like - 11.61 0
¢36609.graph_c0 trypsin-7-like -11.34 0
c34548.graph_c0 testis-specific serine/threonine-protein kinase 3 - 11.05 8.52x 10 %
c44218.graph_c0 probable chitinase 2 - 11.00 0
¢38005.graph_c0 testis-specific serine/threonine-protein kinase 6-like -2.78 5.39x 1017

FC: f5%UEAL; log,FC: BH LA §11) RPKM HZ HEHK log, .
FC: Fold change; log,FC: The ratio of the expression fold change between ovary and testis with a logarithm of base 2.
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Fig. 4 Validation of the RNA-seq data
by RT-gqPCR detection

152 58 JER T RE S . ARWFT AR B
100 603 2555 54, Hodp 52 071 SRS T e B¢,
{EA5F 48.24% (48 532 2% ) KIRTGINRET B,
HB B b I OO0 1 R PR T B B = 2 A A4S I
FERAE S, SR AR HORH I Pl %) 35 R 3
R MGRED Bl X 4L unigene 17 3'5k
SHEBIIEIX MR SifS RNA, S@ TR, st
FRAEA G, WMl KEGG #r
22,11 433 4% unigenes 43J& T 264 2515 1%,
For 4 & 5 M R & R A G B 5 5
(Meng et al., 2015 ), 0. PNI-LFR G005

K5 MRABEERFRREIEEANEE

Table5 Identification of the specific expressed genesin ovary or testis of Helicoverpa armigera
RS WRFPKME WALFPKMAL oo fhRIbE LERE(FE
unigene Testis FPKM Ovary FPKM FDR Annotation

¢35711.graph_c0 2 481.60+£31.72 0.57+0.07 -12.70 0 uncharacterized
¢32808.graph_c0 3002.33+£37.23 0.83+0.03 - 12.46 0 myrosinase 1-like
¢20522.graph_c0 1496.48+13.71 0.43+0.13 -12.42 0 uncharacterized
c40246.graph_cl 5198.65+£219.12 1.52+0.14 -12.41 GATA zinc finger

0 domain-containing protein 14-like
c42593.graph_c2 11 017.89+429.86 3.21+0.17 -12.40 0 uncharacterized
¢33306.graph_c0 36 520.73+£124.13 10.68+0.19 -12.39 0 uncharacterized
c37810.graph_cl 7 660.74+102.13 2.16+0.05 -12.37 0 glycine-rich cel_l wfall

structural protein-like
c35315.graph_c0 7 536.49+£175.21 2.23+0.25 -12.37 0 uncharacterized
c38349.graph_cl1 11 488.87+313.87 3.43+0.06 -12.36 0 vegetative cell wall protein gp1-like
¢26767.graph_c0 11 338.29+£93.75 3.46+0.05 -12.32 0 elastin-like
¢34698.graph_c0 1.59+0.26 7 125.124374.23 11.40 1.61x 10157 chorign class A .
) protein Ld2/Ld41-like

¢36973.graph_c0 0.32+0.03 1356.45+37.05  11.36  4.51x 10°*" glycine-rich RNA-binding protein 1
¢39948.graph_cl 6.26+0.08 24 784.50+322.85 11.30 0 uncharacterized
c40733.graph_c0 0.29+0.07 1 078.93+15.03 11.29 0 keratin-associated protein 5-5-like
¢36991.graph_c0 2.00+0.46 7612.69+153.20 11.24  2.99x 10 *¥ chorion class B protein PC10-like
c43398.graph_c0 4.38+0.23 18 117.904£295.60 11.23 0 chorion class A protein Ld12-like
¢42029.graph_c0 0.35+0.08 1200.47+28.15  11.04  5.22x 10""'* uncharacterized
c40907.graph_cl 1.35+£0.20 4492.06+10.84 11.00 0 uncharacterized
¢34228.graph_c0 0.56+0.09 1866.79+32.69  10.97  3.42x 10" uncharacterized
¢39734.graph_c0 4.76+0.33 14 232.85+264.64 10.88 0 lipase 3-like

FDR: A% BA; FC: 8L ME; log,FC: BUEAATIRAY RPKM fHZ LI log,.
FDR: False discovery rates; FC: Fold change; log,FC: The ratio of the expression fold change between ovary and testis with
a logarithm of base 2.
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R TN . MR E SR . BARER A S O
FEAN A BLGEAE . BN B2 REY &S . FOXO
R 7l . PI3K-Akt {5 512 M MAPK {5538
%, Hhem QU AR bisie . 555
5 (Signal transduction ) {5 M-TOR {55
RS,

R T A S AR R RR L B OCIEA, 3K
fITFI A FPKM {EAZ IE unigene [ iA &, 1@id
B AT A H DT SRS S R0 B s A B LR
T 7714 DEGs ¥4 22 5 15 5 N 5 £E 1| KEGG
BARPE, I — L SRS N 5% B A D A
MR, W mTOR {55 #EF Wnt {55 i B A
MAPK {5538 [ . O 7 & A R R RIS R F ¢
R, R AR AT R, X R
B ¥R 2 AR AT O R AR SR O B ( DR
KAW) o BREEJRAE M ( Vitellogenin, Vg) &
B HAZ R ( Vitellogenin receptor, VgR ) /5
1) Vg SO R P i & AR B S, WRI TR
A OGS, WS e B A AR, R
A FE I AT ( Muhammad et al., 2014)
I AN B A ] DR Sy 35 oy 4 1Y) i 2 -
¥r (Roy-Zokan et al., 2015; Upadhyay et al.,
2016; BXE#E, 2019) o AW KH Vg M
VgR TEUP SR 40 B 2% L], X R BH T e TXT B
HREARMEN, X5RATHINN VeR 7EAH
B N Y R 25 AW & ( Zhang et al.,
2016 ) o BLAb, FRATE K HLON 7/ 1L FEAR AL
HuOp S YRR B D S TR AL, DA T ORSE R
F A ROt BP 88 B MR & AR 2 OCE 2 A
TEZ# Bombyx mori ', Chen % (2015) 454
KA H MG AR e T 126 1
Chorion AHKFEA . Peng %5 (2017 ) & FH Chorion
DI 5 28, FRH DG B PR AR /NS gk B9 515 s) 20 SO v
KRk, Wil T Chorion JN7EE 7R HUIT
KA DIRER RS, BN IR B T4 4
¥ KE\ Nilaparvata lugens 1) NIChP 3&[K g i %
Ro AP H: 7™ O 1 R IR IR B A£ 76 % (Lou et al.,
2018 ) , {Hfgs H B d b B 78 8 (1 ) D e 55 A
XPEE D GRS R O A BE W R AR R S A R R
. 7ERR DN E T AR, BN bR A0 A i 22

O FEIEATIGEE , SR G T G o R e A B R
YA, FEIX —ad FEr, PR A A o S SR I A 25 R
7 s 5 00 5L B FBEAEVIAHOE (Wu et al.,
2016 ) o A SCH R 2 5 4 4 24 3 ( CDC )
HH cde 20 FENTEIIE N R KK (%K 4), H cde
B3 Fil cde 22 F: A LK A A 912 11 A eyclin A)
TANMEMIE A H (cyclin H) S48 4
PRl - B PR 7E A 428 BP0k e A Bk A &
) 1.72-2.64 A5, A0 HL 53 2 EIHAROC 1=
SRR P B E X 5 HAR R U i H A —
# (Jacobs et al., 1998; Peng et al., 2017 ) .
A, Peng 55 (2017) K/ HHAME N
FE ( Small heat shock protein, sHSP ) /NS¢
W OPE E R L, HEMIHATRES 5001 kA,
SR FATTAEAR 4% Ho O 5L 5 Rk i B X Hh Jf ok
I sHSP,

C A W98 R WIS AU S M2 R ( Testis-
specific serine/threonine-protein kinase, TSSK ),
¥ 1 &ML EH ( Spermatogenesis-associated
protein ) }% seminal fluid protein /&5 5 B HUK
RAREZEY)GEHN (Wei ef al., 2015; Sun et
al., 2019), FRATTRIFSE K ik L3k PRI 7 A 44 He e
RS AR 2RIA , LR EATTAT RES AR A% s 2
SARRE T R, ASGE K I Trypsin-like
AR RN mRIL, TER AP Aedes
aegypti TUESE trypsin-like 2 1 BEAE IR /MIENS I
K T J1 ( Sirot et al., 2008 ), iX i
trypsin-like 5 [ B XHUR K TG M H A E2AE
Mo 534h, it KEGG TR HEIEL S 517 %
A1 10 B K A AF DG [ R ZE AR A DN B
K AR RIS, O A5 R I I (5530 B
SR 2 B R A A5 A B IR 42 ( Meng et al.
2015; HEAEMAE, 2021 ).

AR SO R A 1 RS SRR BN 5 2H 2L AT
SKADT , A% T KES 5 kI & & Fild
FRAMDIREIER (0 i Tk = e B LR
PR B, A KAk e = 3R A i B R
PAFDIRE R, Hoh T Re A e EIR & & AAE FE A
FEAE G, 3k SR I D IR A FRIR A
5t
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