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Transcriptome analysis of Coccinella septempunctata fed on artificial

diets and Aphis craccivora
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Abstract: The biological characteristics and metabolic pathways of Coccinella septempunctata
were analyzed on beetles supplied with artificial diets and Aphis craccivora. High-throughput
sequencing technology was used to analyze relative transcription levels of C. septempunctata in
4™ instar larvae and adults. A total of 1 234 640 650 clean reads were screened from 18 samples

and compared with 813 335 465 sequences in the reference genome. DESeq2 analysis indicated
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that the expression levels of 11 120 differentially expressed genes (DEGs) were significantly
changed, and a total of 2 280 DEGs were annotated in the KEGG pathway. Among C.
septempunctata fed on artificial diets, Cytochrome P450, Juvenile hormone epoxide hydrolase
(JHEH), Juvenile hormone esterase (JHE), Juvenile hormone III synthase (JHAMT), Dopa
decarboxylase (DDC), and many DEGs were down-regulated in 4" instar larvae and male and
female adults. Semen protein gene, 2-oxoglutarate dehydrogenase (sucA) and Insulin-like growth
factor 2 were upregulated in both male and female adults, and lipoprotein DEGs were upregulated
in females; Ecdysone-induced protein genes were downregulated in larvae. Enriched DEGs
included pathways encoding amino acids, fat metabolism, starch and sugar metabolism, and
vitamin-related metabolism. In C. septempunctata fed on artificial diets, the DEGs involved in
amino acid metabolism were generally down-regulated; whereas DEGs involved in fat metabolism
were downregulated in adults and upregulated in larvae. DEGs involved in starch and sugar
metabolism were upregulated in adults and downregulated in larvae, and vitamin-related DEGs
were downregulated in larvae. Quantitative real-time PCR verification showed that the sequence
quality of transcriptome met the basic requirements for transcriptome data analysis. These
transcriptome data provide reference for further optimization of artificial diet and promote the
improvement of artificial diet formula.

Key words: Coccinella septempunctata; transcriptome sequencing; differentially expressed genes;
metabolic pathways; quantitative real-time PCR

LA Coccinella septempunctata L.J& 1 H Coleoptera FLHF} Coccinellidae Fl 1 J&
Coccinella, HA RN, F0Z . ENMR. FRAEMRMES SR A, 2l i, mHuRDg
s P AU TR B (BBEEMWSE, 2016; Chatha er al., 2020; 5%, 2021; Bajracharya
etal.,2023) . %20 20 50 SEARCLAK (Smirnoff, 1958), [E P&k X B N TrakHg T
REIFFT, EEH AR R EAT —FhERE R AT DU Z R B R i N 4% (Cheng
et al., 2018; Chen et al., 2020; Aalaoui and Sbaghi, 2023). o7 B — L hE F-RE 2 B &
AR REMEH, BR AR —RhE 2 g 558 s i R0l s # AR T B A KR
H. NLHRFREARE G, SNSRI Spodoptera exigua AR F4H (2]
%, 1998); SHEEALT 10%¥% SR B Heliothis armigera Wi & & R, MHH
R, FRONEREWAD, SRR 28% S M A N E, AR R (R
MERZERE, 1993); IR TH ¥ B BN TR i 848 2508 Exorista larvarum 1)
Ui (Dindo et al., 2006); #¥ L Tenebrio molitor TRl (5 & B AE 14% N )11 5z i
& 4% Scleroderma sichuanensis 77 /E B8 J1feit (FMESE, 2016). RHUVEK. KEMAMSEL
WSV 52 BRI CR I (RIS, 2004), W8 B2 2 Al < (4T i 2. % P450 (Wooded et al.,
1994). JLT il (Yocum ef al., 2006 i 5z 1753 8 AN B 3¢ J5 2 1 R DR (DLOCEEAE, 2014),
T 2 R 1 R T 3 — R 0 S B J5R 5 R AR KR (R A5, 20200 S5 AHSCHE RN
lEE



B0 B H N AP AR DR /E T 0 1 42— B e fi i s D ) 2R R AR A RE R = 1 i, OF
Hk/D B8 IRV B OGRS FR IS A M A B AR e (AREE K, 2013). HAl, A
AT BIE 372 (A 78 O MAE G2 1 77 B —— ) RS TS 2 ) 2 R K SF_EF 90 8 7R
Stof e D] 445 ) R R 9 0 A 4 5 ) THD 748 o vl 0 P A AR 015 R 2 K R A 4 R U TR 4
I 3 AR A5 SR ECTE N {8, BEDR DhRE A0V RE . 22 3 BE TR 1) ELBUAT PR 2 1 100 1)
S M HR A28 HE DR Th RE BRI TSR AE RO IR R GIRABLIBE R 2 B, 2013) . ASHIF 708 4 B fr
N TAERH SLWF Aphis craccivora WGP 4 84y sl plg UG SR 7 Eoxd, b AR
RV A DG BE TR 1 22 33 R TA RS A AR a0 B 11 22 S, DB BN e Rk () 2 R 4R i}
FiRS.

1 RIS HEE
1.1 #8k

P O A 70T ) R 2 B A OB F B iR e . 7R N SR 10 4R
JG AL (R 4 ORISR A0 00 B i B T N A A N R 25 s 56 AL 2R i s R4
KR G R . N LRSS ERE D N HARE 70%+5%. i 25+1°C JGHA ] 14
L 110D K 5 iy Ggp A N ARk

NTAARL Y : FERF 105 g Wk 15 g JERE 45 oo BOBETh 2 g X985 10 gv oK 2 g,
BERENG 7.5 g« MHEEEE 0.5 g FEEER S gv 65% R4 4.8 uL. K 4.5¢g. 4EAEFKEL
g HAERClg. UM 72, TEM 12 g, JEM 15 g, 185 22 ¢ Bl 9.6 g. 417K 575.0 g-
2R CHRE R 99.0%) 1.6 g.

TR Sk AR AR (AR Fe. Sk BOREIR F 132 ARG K
JeAR, SRIEFREUS GRS Y, TN 1000 mL Bebt iR s) . EAEEGERAS, OB 4llifk
fobeiiirt, InFELAR SN L A4RR, BEHER 50 R IR FRE S 40~50°CHT, HGH ATk
e, PR AT, BEEREFRIL (d=9 cm, h=1.5 cm) ¥4 &) 5 %5 B T 45 21 LU 9%
LRI AR RS N TR BN 4°CUKFETRAT & H

HA): RNA 2R Tirzol, % E Ambion Al ; Hieff NGS® mRNA Isolation Master Kit

(Yeasen Cat#12603) i7)# . Hieff NGS® DNA Selection Beads f#i¥k, Yeasen Biotechnology
¥ HiScript® Q RT SuperMix for gPCR(+gDNA wiper), iM% ; ChamQ SYBR gPCR Master
Mix, PEMERE; Optically Clear Adhesive Seal Sheets, ABI; A4 M E =4l

X% 75 B O ML CR4i\ NanoDrop 8000 43476 11 Qubit 4.0, Thermo Fisher Scientific;
AU EOHL 5515R, f#[E OHAUS; %¢%5E & PCR {X QuantStudio™S5 Real-Time PCR System,
Applied Biosystems; B 1% £ 48 GelDoc™XR+, BIO-RAD . /K ¥4, #3418 ; DNBSEQ-T7
MFEF-&, MGI KIS,

12 &
1.2.1 cDNA S Fg 6] g A s 4L N



AR HF FE 5 S0 o B N LA BRI S e 1 B e 4 S 4 sRORTME L % B/ TRIzZol®
Reagent IGF| G ERIZEUA RNA, AT 3 MR ES, A3 18 F M.
My TAEG A 5 R A RH A B 7] 58 . SEEURE S B RNAJS S 43 515K FH Qubit
4.0, Agilent 2100F1NanoDrop 7 Y6 6 B v X FEA AT IR BE . Se B M A4l FE 4% . 16 H Hieff
NGS® mRNA Isolation Master Kit Yeasen Cat#12603) X7 &, 45 0ligo (dT) [HREERIE T
A-TH AN 5 mRNA fIploy A%t & ()75 M Total RNAH & £EmRNA . fifi f5 I fragmentation
bufferf mRNAFT W7 v B, ImRNACARN, FNIZEBENLGY) (random hexamers) &
B — 25 cDNA%E, RGN . NTPs. RNase HFNIDNA polymerase 45 B 45 — 25cDNA
BE, BN RX XU cDNAREAT R & 2 3> K lpoly (A), R F 4k, 18 FHieff NGS®
DNA Selection BeadsH Bk HEAT 44k I v Bk 3%, B JE#EATPCRY G, R CFE. i FQubit
BHAT R, SRR G5 K FHDNBSEQ-T7i#ET AL .
1.2.2 Unigene D REERE 72 7 B I RIS HI & 46
FIH fastp (v0.21.0) AR FPAS 2 W 4580 (raw data) BEATILIE, 2BR#EEL)TH
DA AR R B reads, 3RA5 R B AOEHE (clean data). H LRI HS AR R4 T8 H NCBI
(icCocSeptl.1), HARLER: (1)Zkr 3wl Hk Oy o1 (2) 2B P25 & 7 5K T Q20 1)
Reads. f#H] HISAT2 (v2.1.0) Chttps://www.ncbi.nlm.nih.gov/genome/?term=Coccinella%20
septempunctata%20) 4R RS H I K4 (GCF-907165205.1) &5, 4 H HISAT2
(v2.1.0) KGEXE A 5 clean reads 52 HRILRALELXT . {# A StringTie (V2.1.5) Siit st 2
B—AJEF I Read Count f, fERNEEFMFIARIERE . K TARFEIERE . A FREA ) 5
PRIk K B A AT L, SR A FPKM 6 305 & AT FR it A4 (Normalization) . S8 J5 1 F§ DESeq2
(v1.30.1) BAFHEAT IS EUBUH & 2 18] ) 22 3R IA8 7 #fr . [ H DESeq2 (v1.30.1) B Af#k47
PIANEE B & 2 T 1 22 S RIK 0, ik 22 i RILFEF KM R Rk Z R
log2FoldChange| > 1, .34 1t padj <0.05. fH Cluster Profiler ¥ {217 GO &4 74, &
IR U 53 A0 50 5 P-value (B35 & SR IUARIEN padj < 0.05) , K 2 S B 6 6 35 ' 4
(1) GO term, MIMHfE 2 5 BT A0 I 2D 7 Dhfe . A Cluster Profile (v3.18.1) #f%F
AT KEGG % & E 1T
1.2.3 %6 BPCRIG I FE [H FiA
BT FIRGOE A4 M i t ok AUTE L R 4 B Al i s b Rk B i H R Goit 3
Ve AE VR AR DGR IR, A F 4 Primer 5.08ETF OB 51 GRD |, SIMHREINE Sk
REAEMBIEARA T AR, SEXB%E (2019 BitFACTINIE AN SHEH . B1.2.17
SR B G 2 I 2y HOR Rl R RNA AT % 5% & BieDNA, - SO s i 75 4% B HiSeript® Q RT
SuperMix for qPCR(+gDNA wiper) i 4% 5 105 &8 FH 36 B 53617 . qRT-PCRIA &R (10 pul):
2xqPCRmixiE &4)5uL, fARcDNA 2 uL, ERIE514)%0.25 uL, ddH20 2.5 pL. R NFEF
N95°C 305 95°C 105 60°C 30s, FL40MEH; 95°C 155, 60°C 60 s\ 95°C 15s. SEHH



FAIMEFER, BREYFESHITIREARES ., RH2-25CT (Pfaffl, 2001) JiEKs)
BT AR LR R IA

# 1 qRT-PCR FRHI5|4/57%
Table 1 Primers used in qRT-PCR

ISR H 5 R R i 5 514 (5-3
Genes for qRT_PCR Gene ID Primer sequence(5'-3")
Forward: TCGGTTTCCAGCAGTCAGT
CYP450 LOC123309713
Reverse: GATGTAGAGCAGCACCAATAGG
Forward: TTTGGAGGCAGCAGTCGT
JHE LOC123310753
Reverse: CAGGTTGTGCCCATAAAGC
Forward: ATGTTGGCTGTGGTTCTGG
JHAMT LOC123310042
Reverse: TCTTCGGTATGACCTCTTGCT
Forward: AGTGGTGTGGTCATGCGTG
Vg LOC123308220
Reverse: TTCTGCTGAGGTTGAGTCTGTC
Forward: AGGATAAACGCCAGGGGT
DDC LOC123310894
Reverse: TCAGCAGATTCTCGCACTTC
Forward: TTAGGCGATAGGAAAGGAGAC
sucA LOC123310801
Reverse: AAAGCAGGTGAAATGAGGC
Forward: CTAACGAGAACGATCTGCGA
IGF2 LOC123312538
Reverse: CAATAGCCCTGTCTGCGG
Forward: CCGTTCAAGGAAGGATGG
JHEH LOC123313454
Reverse: CCTCTCACGCAGGCAGTT
Forward: ACAGCATTGAAAACAGAGCTTT
EP93F LOC123314513
Reverse: CTATGTGCCATCACCAGGAA
Forward: ACCTTCGGTTCCTTCCTACTA
Chitinase LOC123312858
Reverse: CGGATGACAGACGGTGTTT
Forward: GATTCGCCATCCAGGACATCTC
ACTIN ACTIN

Reverse: TCCTTGCTCAGCTTGTTGTAGTC
E: CYP450, At P450; JHE, TR4NBKREEEE; JHAMT, RABERNIGREE; Ve, I3EEHR: DDC, £ LBKE: sucA,
o-M BRI UG IGF2, MRS A ERIT2; JHEH, REIMEIAFUKMNG: EPO3F, WiYMRIAFH H93F: Chitinase, JL
Ti; ACTIN, WZ#[H . Note: CYP450, Cytochrome P450; JHE, Juvenile-hormone esterase; JHAMT, Juvenile hormone-IIT synthase;

Vg, Vitellogenin; DDC, Dopa decarboxylase; sucA, 2-oxoglutarate dehydrogenase; IGF2, Insulin-like growth factor 2; JHEH, Juvenile
hormone epoxide hydrolase; EP93F, Ecdysone-induced protein 93F; Chitinase; ACTIN, Internal reference gene.

1.3 ¥R

X FH DPS 17.0 ¥4 (Tang and Zhang, 2013) %R BHE 2047 B 1 &= 5 25007, N #§
FEAS Student t K650 3E AT 22 55 W2 04T
2 BRE57H
2.1 2B RENFFHSHh

P SER1R JFUR 781 Fr B 1 235 435 942 (Total number of reads) , 25 F& HI T35k [ 1445
JE R S B AT B reads AN (3°3) (RFTE REME/NT 200 FIBR3E 5K
T 50%. & N HRE 10%0) reads HI7 51, M-EEFIHR R SCE R —IL15 5] 1234 640 650
A mBLE clean reads (% 2). T4 IX 5551 & 1) reads N FH hisat2 B (Kim er al., 2015) 5
SN, X225 78] LRSS0 813 335465, HA{ES% 74 LAME—



A B 1 #80 H A 791 338 703 . K FPKM 5 21k B HEAThRvELL 20 AT, 276 787 ANJE A
PR FEERIEIERN 76 149, FEEFERIEFFN 64 359, HFEEERIEILR N 81353,
*x2 tEYHERENRE

Table 2 Summary of the Coccinella septempunctata transcriptome

HEEE Summary % H Number
JE 46 FP 31 1320 7 B Total number of reads 1235435 942
253U BUS 40 Number of clean reads 1234 640 650
maps &% Total number of maps 813 335 465
uniquely maps %1 Total number of uniquely maps 791 338 703
FIEFE N BB Total number of genes 276 787

K=F JE RILZE K (FPKM:  0.1~3.75) Total number of genes 76 149

HpEE R E R FE R (FPKM:  3.75~15) Total number of genes 64 359

= ERIBFEF (FPKM: > 15) Total number of genes 81353

22 ERFILEE (DEGs) 7
FEPIFAE A B b, T IR BB R kAR A, AW 5T H DESeq2
(Love et al., 2014) ¥ ANFEFFEEERIE 28, HA4 11 120 A DEGs Rk /KR4 T 83
(17246 (FDR<<0.05, | log2FC | =1). N LAakHa s i (ZSC)H 5 G 1 7% (1) it (CK O
FHEEIETHA 5 068 4> DEGs, b 2 880 N[ B, 2 186 RN (B 1-a). AN TLAak}
FFRMMER (ZSX) 5 EEFAFRIIME SR (CKX) MEL3EiT4T 3 188 4~ DEGs, 11084 4
KB, 2 104 ANFEFTRE (B 1-0) . N TARMASR %) B (ZSY) 5 G IR 1 4) R (CKY)
FHE LA 2 864 4~ DEGs, oAb 1593 AN B, 1271 MEFETIE (B 1-0).

=log10(pad)
~log10{pad)) .

P o
log2FoldChange

~log10(pad)
B

-
= don 2104

Iog2FeldChange

BT R N DGR 0 iR IR 2 S RIAHE K (DEGs) HIZRIAKT

Fig. 1 Expression level of the differentially expressed genes (DEGs) of Coccinella septempunctata in artificial



diet-fed-vs prey-fed treatments
T oa, WEHG b, MEdy o, 4hH; ZSC, MWUEATARHED; CKC, HUEGEfMEd: ZSX, WA ATHRES; CKX, AT
ief e R ; ZSY, HUE N Liak4h B CKY, BUR S 474 5 . Note: a, Female; b, Male; ¢, Larva; ZSC, Female fed on artificial diets; CKC,
Female fed on Aphis craccivora; ZSX, Male fed on artificial diets; CKX, Male fed on Aphis craccivora; ZSY, Larva fed on artificial diets;

CKY, Larva fed on Aphis craccivora.

2.3 EREEM GO EES 7 KEGG B

A 2 573 % DEGs [P A RS GO H (] 20, GO R i 2 M2 E Wit 72 (1 168,
45.39%) , RS (595, 23.12%) F5rTIifg (810, 31.48%) o 5N FEHRK
T IIREMISE & (422) FUEALIGTE (283) , AW2Ed B b A A2 (3100 « 4Hjfid
(297 Mg (149) o f£ DEGs 741 GO {1k, NRER R 2 T HiFEER, £
SAEEMWE S N RIEFWHEZ T EREEE. £ GO R/l & £ 2 e i ARHHT 2
JE TG I L B RRE JE RS TE . AR SRR A I R . SRR RS 1L . BoKAL
EORUIE AR . 25 I 8 R v R A5 2R AE O Y DEGs.

LA 2280 %% DEGs #1B 2] KEGG g 1, £ H 5 2 T 20 /N g 32 SEAE h AE A |
M FRAENLRGE, Hh AR EE s (500, HUORERHE (39) g
M (18) (EI3) . £ DEGs K KEGG W& S35 6 N IR A AR HEER (R 3), 6
ANE B PR O N AR AR -G B I e B e A K T R P Al i DR 4 R A,
ZACUHE LR REE > R . ERRIRI 7 A KEGG @8 h, B N Tk sk s g i
(8 A AN @ B 1) 1 VR R TR 22 F R R I, kol R B R AR B B 1 RS N 2 R
R, HoAvims N FE Y 2 T EREER s Bea N LARRRS) B R A R 0 40 R 1A 5 i AT A
AR AR B 1 R R BE R 2 T RREEDR, FLAm i N R R 3/ T BRI . 7R VE R AUREAR
e AR 2 AN, WUE A LR R R R R RERE AR« KA S R A R S A
g EIREER Y2 TR R, e N AR Al SRR A e R AR T . SR
IR E R 6 MRS, i RABHREIA I o E R KRAET FiF. £ Rk
JUZSAR U b, HCR N AR e 2 e B BRUR AR R R LR %2, T fie o o 7= B 35 7
FERRME IR, Ml d A R4 E A HFEE I8, BIRM KR E I ER N .
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K2 EEMRZERER (DEGs) 1 GO R
Fig. 2 Gene Ontology categories of the differentially expressed genes of Coccinella septempunctata

7£: Annotation Counts, J¥:F%(; Molecular function, 4FIhfE; Biological process, =it #; Cellular component, 445 ;

Transcription factor activity, protein binding, #Z3%HFiiFt:, EAF4i4: Nucleic acid binding transcription factor activity, %45
BEF T Catalytic activity, #EALIF1E; Signal transducer activity, {5 5 %8 8835 1 ; Transporter activity, #1&

454r; Antioxidant activity, PLEALIETE; Molecular transducer activity, 2> T/ 2% 1E; Molecular function regulator, 4> T LIfE

23 M s Binding,

; Reproduction, 4:5H; Behavior, 1T7°N; Metabolic process, fUifid#2; Cellular process, ZHiEid#E; Reproductive process,
BV Epuri

RE T
Negative regulation of biological process, “E4id 2 6t [7] 1% ; Regulation of biological process, “EAil 275 ; Response to stimulus,

; Biological adhesion, A4 K} ; Signaling, {5 %5 ; Multicellular organismal process, % #fi i 4= 4)id £ ; Developmental process,
Locomotion, J&3); Single-organism process, H.{&ilFE; Positive regulation of biological process, EAiLHE IE 711+ ;
J1¥ 5 M 5 Localization, 5E£37; Multi-organism process, 244 #2; Biological regulation, 447177 ; Cellular component organization
or biogenesis, 4/ HAABAEY) KA Extracellular region, #if5MX; Cell, 4Hifiil; Membrane, f¥; Membrane-enclosed lumen,
JIEE-&F P s Macromolecular complex, K% 782 &#; Organelle, 4fi#%; Organelle part, 40HI%%#4>; Membrane part, 4>

Cell part, 404 ; Supramolecular fiber, #5F4F 4.

Enriched KEGG Pathways (Top 20)

Bile secretion

Longevity regulating pathway — multiple species
Cholesterol metabolism

Antigen processing and presentation
Hematopoletic cell lineage

Biosynthesis of secondary metabolites

Amino sugar and mudleotide sugar metabolism
Tyrosine metaboli sm

Ascorbate and aldarate metaboli sm

Steroid biosynthesis

Riboflavin metabeli sm

One carbon podl by folate

14
Lk
11

KEGG Class
B cetiuar Processes
Metabolism

Organismal Systems

Phenylalanine metabelism
Lysosome

Apoptosis

Phagosome

Cell cyde

Cell cyde - yeast
Necroptosis

pS3 sgnaling pathway

Gene Count

Kl 3 KEGG R 20 4~il %
Fig. 3 Top 20 pathways for Kyoto Encyclopedia of Genes and Genomes metabolism

7E: Enriched KEGG pathway, KEGG & 4i##E; KEGG Class, KEGG 432%; Cellular Processes, ZfflidFE; Metabolism, it

#if; Organismal Systems, L% %t: Bile secretion, fHT/3#; Longevity regulating pathway - multiple species, K% if11i&F—
ZYIFl; Cholesterol metabolism, JH[EEZ{C#; Antigen processing and presentation, FiJiil T#2%; Hematopoietic cell lineage, i
M40 f% % ; Biosynthesis of secondary metabolites, XAARH =44 % Amino sugar and nucleotide sugar metabolism, %
FERERZ T IR MEAC ;s Tyrosine metabolism, A& 2RI Ascorbate and aldarate metabolism, HUER Ifil % FIEE IR 24X 1f s Steroid
biosynthesis, Z5[H B4 4% i ; Riboflavin metabolism, 1% Z X1 ; One carbon pool by folate, M- #& 1% % ; Phenylalanine metabolism,
KNEMICH; Lysosome, ¥&HHA; Apoptosis, 4UMEFIT:; Phagosome, FFWEfAk; Cell cycle, 4UMu/E; Cell cycle-yeast, #HJifl

JA-E#RE; Necroptosis, 3; p53 signaling pathway, p53 {5 5.



3 SATEAREFHEXNERTEEENR BB
Table 3 KEGG of DEG related to nutrients of artificial diets

B 7= Y7 Nutrients R AU 1d #5215 3£ K 21 Number of DEGs
Path-way Pathway Id ZSC vs. CKC ZSX vs. CKX ZSY vs. CKY
HER. LZ MBI Glycine, serine and threonine metabolism map00260 11 14} 5t 11 11 9y
ot 2 B AN B 2R AR Cysteine and methionine metabolism map00270 21 8] 61 71 1]
SRR 5 R R Tryptophan metabolism map00380 51 11 51 5] 51 71
Amino acid M H RAR Glutathione metabolism map00480 11 5| 141 2| 7t 9l
i RLPEf# Lysine degradation map00310 91 10} 1 7 11 4]
FELRR A4 X Biosynthesis of amino acids map01230 31 194 121 114 41 15)
RE Wi 40 ML R F{% 5 Adipocytokine signaling pathway map04920 31 7 11 1) 21 3}
PIEAEZ R Pyruvate metabolism map00620 21 10} 121 4] 21 13}
- JE U BR A= 945 Fi Fatty acid biosynthesis map00061 11 4] 21 61
il H M B PR Glycerolipid metabolism map00561 1t 17) 51 50 101 8
fa JIg 9 (0 AL R G % Fat digestion and absorption map04975 121 8} 31 6 131 71
Wi ER ARt Fatty acid metabolism map01212 51 18] 31 9] 187 3}
ARG TR 1) 4E )& I Biosynthesis of unsaturated fatty acids map01040 41 6] 11 3] 101 2|
VR VERR FIFE MR Starch and sucrose metabolism map00500 61 5| 61 5| 11 12)
Starch and sugar WK A P TH AT IS Carbohydrate digestion and absorption map04973 81 2| 51 20 9
YUK IR 25 A1 aldarate 1Ci Ascorbate and aldarate metabolism map00053 61 9] 21 4] 11 6]
itk K AL IR UL Vitamin digestion and absorption map04977 101 6} 31 4] 4 7]
e B2 4= M43 A Folate biosynthesis map00790 41 2| 11 20 21 1}
Vitamin AL (18T 41K Retinol metabolism map00830 71 6l 21 5 51 4]
IH-F2H% PE One carbon pool by folate map00670 21 5] 51 31 11 9]
BT 25 /X8 Porphyrin and chlorophyll metabolism map00860 61 3| 21 20 11 4]




24 5EYEH4HEXE DEGs

AR — L8 5 )2 R A OG22 e A HE R DEGs (£ 4), Hrhgifiu (3 P450
(IR BRI 7E N LA R 5 1 G S b R 8, RSB 1 25 D oo 3 0 it S Tl A i 5 3%
FEARRKE T 2 70 HESCR Y B, EG g — AN RS =R AR KR T 2 B R RS
BRI EUKIREE . (R4ER BRI AR AR T & R 36 N . BUa A TR &
BB R A HEEME R A S A B 24T, Hidoh 1A R 2 AT, ghlid2
A B 2 ERREEA LT B R AN TR C R B d R S A R AR R .
FiESFEOREREL R P T, 8 GO BHESHTRI, AR P450 134 5 H & 4L 7E
ARG TE . RS TS AR EREE. MRS S 4D GO term , JRE FEHA
KPR 7 2 BEE RS 745G TRIC IR & BB TE 2 1> GO term T, TRENIEERIFEUK
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Table 4 Differentially expressed genes related to biological characteristics in libraries of Coccinella

septempunctata fed on artificial diet compared to Aphis craccivora

JEER 44 B DEGs genes

Gene name ZSC vs CKC ZSX vs CKX ZSY vs CKY

20 (.25 P450 7t 13] 3t 7 31 6]
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JilEfe g S| 51 20 1T 2] 21
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% LR AR 1 1 o1
Dopa decarboxylase, DDC

JUT B 11 sl 50 11 114
Chitinase
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Fig. 4 Verification of differentially expressed genes (DEGs) by qRT-PCR
e A, MR B, MES C, Gl ¢, TR CYP450, MMMUEEPASO: JHE, {RENEEFERY: JHAMT, {R41EEIIE K
g; Ve, SMREA: DDC, ZUGAREE: sucd, o-BIR_BRREN: IGF2, RESFFAEKRE T2 JHEH, RYMEAFKBE
fig; EP93F, WiJ%i# %% S HEH93F; Chitinase, JLT ii. Note: A, Female; B, Male; C, Larva; *, Down-regulated gene; CYP450,
Cytochrome P450; JHE, Juvenile-hormone esterase; JHAMT, Juvenile hormone-III synthase; Vg, Vitellogenin; DDC, Dopa

decarboxylase; sucA, 2-oxoglutarate dehydrogenase; IGF2, Insulin-like growth factor 2; JHEH, Juvenile hormone epoxide hydrolase;
EP9Y3FE, cdysone-induced protein 93F; Chitinase.
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