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W ZE WA P (Galeruca daurica) %)) B2 ™ 1 5 5 P9 580 B0 5UAY 2055 i, S SRITIE B 3R (20-hydroxyecdy-
sone, 20E) P8 ¥ Ho &y d K 7 194> FALH , AW 55 % Tllumina Hiseq™ 4000 £ %F 20E &b 3 48 /N 4 3 % &)y A3t 47
SR . HARAT 75 536 4% Unigene, Hirf 40 161 3R 15 IR TERE . 55 %0 BRAA AR LL , 2L 4R 45 500 4> 22 S R R B A
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Transcriptome Analysis of Galeruca daurica Larval Response to
20-Hydroxyecdysone

LIU Li', GAO Li', QILEMOGE ', GUO Ning', XIN Ying', LI Xiao-hai*, DUAN Tian-feng"
(1. College of Ecology and Environment, Baotou Teachers College, Baotou, Inner Mongolia 010030, China; 2. Inner Mongolia Autonomous

Region Civil Aviation Airport Group Co. , Ltd. Baotou Branch, Baotou, Inner Mongolia 010040, China)

Abstract: Larvae of Galeruca daurica are the major pest that severely damages the grasslands of Inner Mongo-
lia. To explore the molecular mechanisms by which 20-hydroxyecdysone (20E) regulates the development of
its larval, transcriptome sequencing was conducted on 3rd-instar larvae treated with 20E for 48 hours by using
the Illumina HiSeq™ 4000 platform. A total of 75 536 Unigenes were obtained, among which 40 161 were
functionally annotated. Compared with the control group, a total of 500 differentially expressed genes (DEGs)
were identified, including 258 upregulated and 242 downregulated ones. GO and KEGG analyses revealed that
the DEGs were significantly enriched in terms/pathways such as ion transport, catalytic activity, longevity regu-
lating pathway-multiple species, and FOXO signaling pathway. Furthermore, 11 ecdysone-related genes were
screened out. The qRT-PCR verification results confirmed the reliability of the sequencing data. The results
indicated that 20E may regulate the growth and development of . daurica larvae by affecting multiple meta-
bolic pathways. This study systematically analyzed the transcriptomic characteristics of G. daurica larvae in
response to 20E regulation, providing a theoretical basis for clarifying its developmental mechanism and screen-
ing green control targets.
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FOXO signaling pathway

VO A 0 (Galeruca daurica) J& f5# H , i H
Fho A, —2AE 20500 4 i R g A
B R AR OR T e A S RO R
— o Y 5 A RE R G, B4 HU I e
SR YA LR R R 5 25
FEIREXNR, FECKEZ R E . ok
B, ZFH MAE NG R 25 LA HfaFEHE T
9T 3 20 LR, R332 T T AL 106 U7 ha, Ja i
XI5l o E 25 3 0 (L /2 35 3400 3k + m 7o K48 X B R
A AP T A, ISR B R L AE S RS
AT IA S o YDA R AR RS AN
G ESIEE = & A2 Ve 977 §ENE2S7 3 (& ol N )
XoF % [ by 2 25 B 14 P A ol 0 R
I, 2R TSR Vb 20w R 4 Bk B R AR B AR,
DI 5T 4 7 R A M4 75 U 28058 - Y 4 AUt B Y
I3 LB, Ry A 25 B IA B ARl

B Lt 7 8 2 (20-hydroxyecdysone, 20E)4E A
— 57 B UG I AR (Prothoracic gland, PG) & W 1Y
J5 [ B R R, H) AR S K T S W R 2 R
(ecdysonereceptor, EcR) & # A ] & H (Ultra-
spiracle, USPYJE LY I8 — RIKAZ S, 2 EZ 5
W o O ST B B (BR-C L, E74, E93 R E75)
P LR A BRSO R R B R A R R
JREE WL AR A B R e PR EE IS N A 2 A
A i g i B o R EE Y . BT, © A AH SC BT
FEXF 20E AE I 09 43 WL 2E 47 H2 8« 20E 38 o 98 45
T AREE CChilo suppressalis) 5 W g Wi B2 £ 18] >k 4 +F
AR B A 2515 20K A 45 3k #e 5% T (Forkhead
box, FOXO) i ¥ , 2 1 i Jig Q6 AH 5 2 I brum-
mer Ml acid lipase-1 W) F ik K F F+ &, 78 K &
(Bombyx mori) Wi Kz K Ak W By Bt , 5 5 H g 107 44 4
F R B & A R A TRl FOXO 38 R g E s 2 5
8 4 2K %R 7 R34 5 (Methionine sulfoxide reduc-
tase, Msr) [ 3R 35 , 1% i 75 0 54k 07 8 b 7 OC 8 A
FAY S A WE 5 3 A B Sk A 2 T IR R 9E T 20E XK
7 oy R 07 AR 3 R s L R AT A AT 5
7R, 20E 4 S5 4 38T REAIR V0 28055 i R U o R
BT i, P SE G Ho R R, TR W O sk A D
FOR 3875 1 20E X b 24038 it WA He B PR 3R GA T 1Y
P RRAE Y Ry T2 R R R B T
P BEE T R AR . SR, OC T 20E 78 H 4l HU By
By oy FAE LS, R F 5 % 5 5 5 B AR M

2% 354 AR WL SCHR AR IE

R TR I T v 28 5 - 41 s 20 19 73 B2
HL AR BF 58 R AR AR il ) B R, R GG
I 20 4b BT 4y 42 8 P2 A Rk ARl . TE A i
Br 22 52 RN R N LI RE B A2 248 20E 4 b 2
i I P gy He A K 7 R I DG B O3 T B AR L D 1 B
VAL $2 4 BHE SO S Rl 2l

1 #Rl57H*

1.1 #iKER

A 208 4 T 2023 4F 5 H WIS H NS
T 22 A T U R R A R AR AR
R, LABF AR R M 28 3 1% 4 s i

1.2 cDNAXEHEMERANF

20E £ 338 1 — B & 7 M (Dimethyl sulfoxide,
DMSO) ¥ fift Fit il i 10 mg » mL ™ 'AY £, T —80°C
VKA i A7 % FH o A P i JBOCRE VR DL A S K R B &
1.0 mg-mL "By ¥R B o SR A G0 S AORF 1 pl ¥
J# 0 1.0 mg-mL ™' 1 20E ¥ MG #8265 3~4 47 i
A 3 AR 3 K 4l A P, B M X B 2 T G A AR
2 B KB BB DMSO . Ab 48 h )5,
ARG AERE RAF T —80CUKA & H . w344k
Y EE B EE AT 2034\, A0 180 3k A
A B Sk DN R 43 BT AR H b B8 G AR 5R DR R4
A PR 7 &4, 3 F Tllumina HiSeq™ 4000 1= i
V- 55 58 BLSCE R 5 P o B 9E A 6 4 cDNA
SCPE I 0 Bt 28 o 45 o, 25 B 4 Sk 4 B AR
i BOE AR AT B a4 o A Trinity $7F
XF i JoT ey A0 AT PF R AL, 2B B Unigene JE H T
JR A YR B .

1.3 EEFEDsEEEMSZE

4 11 % S AR A Unigene B9 B8 B K B NS0 K
JE RIS Y KB BLAST 44 % Unigene 5 5]
5 NR,NT, Swiss-Prot, GO, KEGG, Pfam 1 KOG
Bl FE L, RS DB R (S B . 4 BLASTx
Fe X 70 5 %8 1 B Unigene 78 NR 3 12 b 1) [ P 5
R AE GOseq(vl. 22. 0O #E4T GO VERE, i i
KOBAS(v3. OB A #1T KEGG & 8 B #r . R
FHNCBI blast(2. 2. 28+ #47 KOG 7E % .
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1.4 ERREZEEAGBESER

A WF 5% 32 F DESeq K44 % v 20 % i B 4y i
20E 4b #2405 DMSO X B8 21 B 35 R 36 3k S0 0k 47
g3 A, U 2 S 3% 3k JE P (Differentially expressed
genes, DEGs) . 2K il Benjamini Hochberg J7 ¥ X} Jit
I P H #E 4T BOE 55 1% & B % (False discovery
rate, FDROAF 2y 22 5 JE DA i 16 (9 A% .0 b o i i
TF 5 20E 4b B A 5 X BE 4 A0 3 N R A 22 RS
(Fold change, FC) , fifii % #f FDR<C0. 05 H.[log,FC]|
SIR R KA E I B EE R RBERN . #—
A GOseq JF I e 5L A R (GO & 40 17,
KR IER PH<<0.05M & HAE N B EEE. [
i, iz J KOBAS #4347 KEGG i #% & 4 70 i
PIAS IE 5 P <<0. 05 4F 0 B % & % 19 KEGG i j#%
7 3% o 1

1.5 ERFIEEER qRT-PCREIE

SRy FE — 20 0 S5 A R 0 T L BE B3k B
104> 22 57 Kk R PEAT qRT-PCR I IIE , 145 - % 7
% M 3 (Cuticular protein 3, CP3) | g i W2 & W
(Fatty acid synthase, FAS) \ 2K i 2 £ Ik (Insulin-

like peptide, ILP) JLT Bt Jlii £ Mt i ( Chitin deacety-
lase, CDA) | 22 % & /K f# il ( Serine hydrolase, SH) |
1% 2 1R 1% B8 2( Tyrosine kinase 2, TYK2) 4l jfg {6 %%
P450 (Cytochrome P450, CYP450) | ## H /K fift B
(Glycoside hydrolase , GH) S Wk %5 £ £ 1 (Odorant
binding protein, OBP) F1 # ## % iz #£ H 1(Treha-
lose transporterl, Tret1) , SDHA 1E h N Z F A",
eS| Wit # Y, 18 J Primer Premier 5. 0 3k 52 ik,
HWE R 5 NS H A5 et (R D, & T AE
ZAC B A T AWA RA A . LA P AEAS 1Y
cDNA £y KR AR , 76 FTC-3000 52 i 2€ ) i i
{X (Funglyn Biotech, fil & KX ) I JF & qRT-PCR %
B . & BARFE N 20 pl, f1 % 2XGoTaq qPCR
Master Mix 10 pL 1E R 1 51 ¥ 4% 0. 4 pL .cDNA f&
Me 2 pl LK% 7.2 ul. ddH,O . R B2 45 Wy B 4T
95°C il 22 Pk 10 min; ff 5 #F A 40 18 ¥, 4> 16 36
ALEE 95°CAEPE 15 s, 60°CIE 4k 1 min, 72°CHE i 30 s
B I A O A 2 R 3 95°C 155, 65°C 15 s,
95°C 15 s WYl FE AR Al o O PR e 52 6 W] 5 1 |, g 2 Ab
MY EEINMEY P EL S4REARER , RHA
BRI 2780 T B B DR AR N R ik

#*1 qRT-PCR3|#IEE
Table 1  Primer information for qRT-PCR

J:H 4 Gene name

Em G181 (5'—3"D Forward primer (5'—3")

JZ 11 519 (5'—3") Reward primer (5'—3")

CP3 ACGCTTGGGGTTACGATACA
FAS AACCAAAGGCAAAGGTGTTG
ILpP TTTCGATTGTTCTCCGTATCG
CDA TATTGCTAGCGCAGTTGGTG
SH TCTTCCCAATGGAGATTTCG
TYKZ ATAGTGACAAACGCCCCAAG
CYP450 CGGAGCAAGAGCTTATTTGC
GH TGGATACGCTGATGATGGAA
OBP AGGAAGACGCGGACAAAGTA
Tretl AGCAATCAACCGTACCGAAC
SDHA GGGAGACCACAATCTCCTCA

GAGGCTGGAATCCATTTTCA
CCATGGAAGCTGCAATTTTT
AATCGTTGTCAAAGCTCGAA
ACGGCTTCGTCAAAAGCTAA
CGAGGTACGGAGCCAATTTA
AGCAGGTGGACAAATTGGAG
GAAAGCTGTGAGTGCGATGA
CCGTTGTTCCATTCGAAGTT
TCTGGAGTAACCCCATTTCG
TTGTTATTGGTTCCCCCAAA
AGCTGGTGCTCCTAAGTCCA

2 ER5HMH

2.1 WEAEHRYHRERANFRARELER

I 5E BV 20 6 AN AR S B SN L A
5 34 Ab R AL RN 34N % BR A, FE 4R 15 39. 07 Gb 1Y i
FERE AR Q30 B B KT 92.24%,G+
C &0 35.50%~36.15% , F WA 7 it i K 4f , X

W vl T IR S (£ 2) . 4135 )5 3345 105 417
ANEE AR, MK BE R 112 377 066 bp, F 2 K E N
1066 bp, N50 K B & 1640 bp; 3£ 4k 15 75 536 %&
Unigene, & K & 4 75 669 491 bp, F ¥ K & K
1002 bp, N50 K J& Ky 1531 bp (£ 3) . # A M
Unigene [ N50 < B 8 K T HAF 2K B, 10 B 21 2%
ROREAF ol T 5 225317
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Table 2 Statistical analysis table of transcriptome sequencing data of Galeruca daurica larvae treated with 20E

Fedh Sample Read 2 %¢ Read number

B 3 5 e { Q30 Base quality score Q30/ %

G+C % 4a G+C content/ %

E20_1 52111170
E20_2 43 566 774
E20_3 44 892 736
DMSO _1 39 284 916
DMSO 2 40 910 880
DMSO _3 42 679 164

92.29 36.15
92.24 35.54
92.73 35.69
93.61 35.85
92.41 35.50
93.52 35.81

T :E20_1~E20_ 3138 20E 4b #4111 344 4 T & ; DMSO_1~DMSO _3 83 DMSO X BR4L 1Y 34~ A 4% 4
Note: E20_1-E20_3 represent three biological replicates of the 20E-treated group; DMSO _1-DMSO _3 represent three biological replicates

of the DMSO control group

F£3 20ERIBFEDEEMNF L H Unigene AL RE TR

Table 3 Statistical table of Unigene assembly results of Galeruca daurica larvae treated with 20E

S Parameter

SR Transcript P F % Unigene

300 ~500 bp
500 ~1000 bp
1000 ~2000 bp
=2000 bp
S8 Total number
MK Total length/bp

N50 £ N50 length/bp
F¥ K Mean length/bp

41048 (38.94%)
30514 (28.95%)
19 988 (18.96 %)
13867 (13.15%)

31960 (42.31%)
21971 (29.09%)
12 746 (16.87%)
8859 (11.73%)

105 417 75536
112 377 066 75669 491
1640 1531
1066 1002

T G5 9 E 43 3 6 7 K X)) %% S AR (Transcript) 383 P 7% (Unigene ) #5450 19 HE A1

Note: Percentages in parentheses indicate the proportion of transcripts or Unigenes within the corresponding length intervals relative to their

total numbers

2.2 EENME 4% M Unigene I 88 i ¥

T 4T VE B Unigene J7 81 19 T 68 FRRAE | A<
M 5% K T 3K 75 1) Unigene J7 41 43 5l 5 NCBIAE TT 4%
A Iy 51 B P (NCBI non-redundant protein
sequences database, NR) \NCBI 3k JU A4 & 1 & 7 5
B P2 (NCBI nucleotide sequences database, NT) |
2R O 9 BCHE )5 (A manually annotated
and reviewed protein sequence database, Swiss-
Prot) . 4 R A 1K ¢ 95 2 (Gene Ontology database,
GO) 3% # e A 5 e 41 H R4 45 50l i (Kyoto
Encyclopedia of Genes and Genomes database,
KEGG) | & I it K it 8 4 i (Protein family data-
base, Pfam) LA J¢ B A% 1 # [A] I 4 B4 )% (euKary-
otic Ortholog Groups database , KOG) #4751 40 8 1Y
X3 4. A 40 161 Unigenes 38753 T £ /0K H
— U R R D REVE RS . Hirh 33 836> Unigene IF:

B 3] NR £ 95 % , 15 Unigene 3 8019 44. 79 % ; 8657
A~ Unigene 7E B 2 NT £0¥8 7% , 5 Unigene & 50 1Y
11.46% ;15 670 /> Unigene 73 B 2| SwissProt { #&
J& , /5 Unigene S 8010 20. 75% ;10 2414 Unigene /¥
B2 GO ¥4 %, 15 Unigene 050 13. 56 % 5 2022
4~ Unigene 1 % 2] KEGG %4 #% /% , 5 Unigene £ %k
Y 2. 68% ;28 295/ Unigene 1 B 2] Plam %05 FE
&7 Unigene & 801 37. 46 % 5 14 429 > Unigene 7F B
KOG #¥5 # , 5 Unigene B80AY 19. 1% (R 4,

55 NRECHE 1 Lo 25 S B T b 20 H A
W Unigene J7 41 5 3 2 4 Fb (% 5] U514 DT ECIS O . DT
ic e 2 B9 W) Fh & A% U4 ¥ (Tribolium castaneum)
(22.22%) , Fyk HJ 1L #8 K /INEE (Dendroctonus pon-
derosae) (6.42%) | Wi & WF CAcyrthosiphon pisum)
(6.39%) BB M (Lasius niger) (4. 39 %) ¥ Ui 1
(Capitella teleta)(2.99%)

F4 20EREFDEZEMEF L HA Unigene iFHEE R

Table 4 Unigene annotation results of Galeruca daurica larvae treated with 20E

¥ i Database NR NT SwissProt GO KEGG Pfam KOG
12 B¢ Unigene 50 H Number of Unigenes 33 836 8657 15670 10 241 2022 28 295 14 429
JIt i Fe 9l Percentage/ % 44.79 11.46 20.75 13.56 2.68 37.46 19.1
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HE B R GO B 19 Unigene 1] X1 43 R 3 K38,
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nes fix 2 (14 160 45 ) , 20 i ik 72 FOAR I ik 2 0 1 R )7
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FIBE TS0, 55 R 4257 F 4221 4% AL 2H 732
SRR 11 816 2% Unigenes, 41 i A1 20 i %43 A9 7
BEP A2 , 5 5o 2367 4 F1 2361 4% 5 /0 T DI RE S 5l
W BEF) 8919 2% Unigenes, 45 & AR AL 36 Pk 1 B P
VB2 43 R 4119 451 3609 45 (& 1)

Biological process

ER 7/ ESUNE

Cellular component

Molecular function

HHIfZH 5y or T IRE
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1 EEM P4 H20E i 51432 /5 Unigene B GO LI BE E & 4517

Fig.1 GO enrichment analysis of Unigenes in Galeruca daurica larvae following 20E injection

H B # KEGG 304 & 1) 941 %% Unigene 1] 19
K5 EEDRE SN G 40 AR (114 5% AR
5L PR (68 45D st 1% 7 B AL R (390 45 B BRAX
(239 ZOFAE DA RS (130 450, Horr (415 B Ak
HIL 3 e BB BB R B 22 A 2054 5 41 i A i
TERE B S Ao A Y e 2 AT 64 5% R B
b B E R R BE S S R E A 5T 4 BT R
W BB R R KA S AR B Z R 45 % H
ARG BEITERINTWRERENRZ A 93
& (E2),

5 KOG 888 1 9817 He X & B, 3545 19 Unige-
nes 1 &% RNA N T 5@ gkt G F%
26 R 2. Horh — i Tk H0 AN A S 5 S L
il i) Unigenes 8 2, 43 1y 5529 A1 12714, 53 4b
ZH5EARMIERBMN EARZ T A
(996 >, B il \H 20 FE K (820 1) e s (671 41)
) Unigenes 8 A+ & (Kl 3).

2.4 ERRZEERSN

TEAL B A8 h )5, 20E 4b B4 A1 4 F DM SO Xt #]
21 I %5 500 4 25 S AR GA R N, AL 258 4> I
VAR 242 4B B R M AR (R 4, ik 2
RIAE 74> 3 B8 e rh R A5 D RE VE B, b . NR 2K
P ETE B AR BB & i £ (275 4% ); Pfam(236

%) Swiss-Prot(117 %) .KOG(111 %) .GO(69
%) NT(58 Z)MKEGG (10 O Uk i, 58 1F
EJE NREEE PSR 2N S50 HERE
Fofr A 15 30 % O ) AR L TR (3R 5)

2.5 ERRIZEEEMGORER

GO & % 43 Hr 7R, 500 4> 2 5 % ik A
(DEGs) . % & £ T 2934 GO & H , HAK 43 4i g
Ak B 156 4% A0 ML 4 37 4% 4r T U RE 100
S TEAEYFI BN D, B R R D EHN =4
GO % HHK K R B %32 (Ton transport) | 25 ) 43 fi#t
183} i #2 (Drug catabolic process) Fl 5 14 4 5 i) i
(Response to toxic substance) ; 41 il 2 7325 51 i #% L
2% H A3 45 2 fih (Synapse) | 40 ifg 3% 4% (Cell junction)
H 2 Tt JE B 1] 455 18 & 4 7K CAcetylcholine-gated
channel complex) ; 43 HJ B8 2 HI| 9 AT — 157 53 51| J2 M
k15 1k (Catalytic activity) . 7K fi i 3% 1 (Hydrolase
activity) Fil % fb i J5 B 3% M (Oxidoreductase activ-
ity)o R 303 B AN GO & HIE WA 5,

2.6 ERRIEEEWKEGGEESD

KEGG i [ & 42 7 B 465 5 (B 6) R B, 4L 47 500
A EFFRIKXIEN(DEGS) i & 4 T 36 5014
B, ST, LI P<<0. 054F Jy 35V e, &
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Fig. 2 KEGG enrichment analysis of Unigenes in Galeruca daurica larvae following 20E injection

B2 hEE

R BE Fe e B BT 5 A% B O - 2 W Rl K U 45 G %
(Longevity regulating pathway-multiple species) .

FOXO {5 5 il #% (FOXO signaling pathway) . 2 %
B 5 ¥ 47 1R B AL 8 (Amino sugar and nucleotide
sugar metabolism) . « - bk fi2 18 1 ( Alpha-Linolenic
acid metabolism) & i§ i fig 1 i (Fatty acid metabo-
lism) o fH 75 7 & A9 2 , 488 38 2% (Metabolic path-
ways) i % 1 22 5 hk K 8RR i 2 (1092 4> DEGs),

HL YR S 5 8 8 % (Lysosome) (148 4~ DEGs) .

2.7 Wi HERHEXEEGE

PN 78 % w4y ol 2 SR 2 v O 5 W B R
AHOCHYSE A A 114 48 1A R R 32 R (Eedy-
sone receptor, ECR) .24 &% &2 & ¥ 3 [N (Broad-
Complex, Br-C) . 1 4~ # K '] f£ H (Ultraspiracle,

USP) | 2 A~ Wi Bz 3% & 8 75 £ | (Ecdysteroid-regu-
lated protein, ERP) .1 4~ Wi jz ¥ R i 5 & 1 E75
(Ecdysone-induced protein 75, E75) 1 4~ Wi J7 # &
% S & A E74 (Ecdysone-induced protein 74EF,
E74 1A~ 1 Mg ¢ # & (Prothoracicotropic hor-
mone, PTTH) Hl 2 4~ %t K¢ B 5 & A9 % 5% N 1
(Fushi-tarazu factor 1,FTZ-F1)($6).

2.8 ERRIEEFEM qRT-PCRIGIE

BT S A 25 L BE ML I 10 4> 22 S 3R ik
$W(CP3,FAS,ILP,CDA,SH, TYK2,CYP450,
GH,OBP, TretD #17 qRT-PCR %I, H o 54~ 3%
PSR e S I N 2 R T 7 T B S WO
ik Ha# 5 RNA-Seq 84 52 2 W& (L 7D, Ul I 4 5
Bym g R s Bl & v T S 2eF Y
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Fig. 3 KOG enrichment analysis of Unigenes in Galeruca daurica larvae following 20E injection
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Table 5 Main differentially expressed genes of Gauleruca daurica larvae treated with 20E

R AL 28 SAS BON BB FDR AL B UIRe B
Gene ID log,FC Variation trend Functional annotation
TRINITY _DN15362 _¢c0_gl 2.5613 0.0409 I 9% Up &} 8 [ Cuticular protein Ld-CP3, B4 H Ht Leptinotarsa decem-
lineata

TRINITY _DN25896 ¢c0_gl 1.9585 0.0387 38 Up JUT Wil £, Tk Chitin deacetylase 1,4 B Chrysomela tremula

TRINITY _DN21867 c0_gl 4.8913 0.0010 i Up B ZEEJK Insulin-like peptide-1a, By 48 B 1 it Leptinotarsa decem-
linea

TRINITY _DN27140_c0_gl 4.2014 0.0213 EiH Up T B ;2 25 1 Tret1facilitated trehalose transporter Tretl, 7R #14%

@ Tribolium castaneum
TRINITY _DN25323 ¢c0_gl 2.543 0.013 L Up fig /i Esterase , D44 2 W it Leptinotarsa decemlinea
TRINITY _DN23958 c0_gl —2.2433 0.0410 N Down  UDP-% % #i [ 2 ¥ £ ilf UDP-glucuronosyltransferase-like , 77 #8143
@ Tribolium castaneum

TRINITY _DN35760_c0_gl —2.8409 0.0439  Fi¥ Down BN Aldose reductase isoform X2, 8 #04& ¥ Tribolium casta-
neu

TRINITY _DN13800_c0_gl —2.6895 0.0448 T Down ¥ F I 1 Transposable element Tc3 transposase-like, ffii & HL

iE 5 W Camponotus floridanus
TRINITY _DN24400_c0_g3 —2.9457 0.0312 R Down  4l/# /4538 e 2 4 Sodium/potassium/calcium exchanger CG1090,
# WE W Diuraphis noxia

TRINITY _DN25828 ¢3_gl —5.9827 0 T Down 41 it (1 2 P450 Cytochrome P450, Dy 4% 2 W L Leptinotarsa decem-

lineO
B2 Ton transport
2533 7 Drug catabolic process
FEPEY Y Response to toxic substance A Type

NOfHRE S fifZ33 Synaptic transmission, cholinergic

2L
JE ik T MR Response to nicotine [ | %ﬁ@%%ﬁ

A2 fyf L% Chemical synaptic transmission, postsynaptic , 10! Oflc/ process
HZEILP 5 %33 Neuromuscular synaptic transmission ] —CEI?]@THI}' t

S AL SR Hydrogen peroxide metabolic process o 6;%;; é;gmponen

N b : ) £
AL A SRR Hydrogen peroxide Catg‘;z(f)glﬂ:csl;r;):::: T ion
Afijfgi 4% Cell junction =

ARG 14558 B A1 Acetylcholine-gated channel complex
JERIFAZ A 4549 Plasma membrane receptor complex
ZARE 43 Receptor complex
HEARTE P Catalytic activity
JK R Hydrolase activity
AL T 1 Oxidoreductase activity
VEFH RIS AY /K At 14 Hydrolase activity, acting on glycosyl bonds
VER T RO AR A b SRR 14 Oxidoreductase activity, acting on paired donors
14T Z 454 Heme binding
PUREIE 457y Tetrapyrrole binding
e 45K Ry Structural constituent of cuticle
ZTHEHRERES ¢ Acetylcholine binding
Z ARG Z AT 14 Acetylcholine receptor activity
BB 1454y Ammonium ion binding
A5 P Z433 ST (AT 14 Postsynaptic neurotransmitter receptor activity
PZ23% 5454 Neurotransmitter binding
#4454y Hormone binding
AL SR M Catalase activity
il )\, i 6 SR Oxoglutarate dehydrogenase (succinyl-transferring) activity

GOAIE GO term
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10 20 30 40
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Fig. 5 GO enrichment analysis of differentially expressed genes in Galeruca daurica larvae following 20E injection
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Fig.6 KEGG enrichment analysis of differentially expressed genes in Galeruca daurica larvae following 20E njection
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Table 6  Differential expression of ecdysone-related genes in Galeruca daurica larvae after 20E treatment

[ 4

Gene

I R AR

Gene ID . .
designation

B R

Full name of gene

AL

Variation trend

[F) IR 4 Fof

Homologous species

TRINITY _DN28745_c0_gl ~ ECR
TRINITY DN28859_cl_gl  Br-C
TRINITY DN37791_c0_gl  Br-C
TRINITY DN25403_c2_gl ~ USP
TRINITY DN20002_c0_gl  ERP
TRINITY DN20224_c0_gl  ERP

TRINITY _DN29403_c0_gl ~ E75
TRINITY DN26916 _¢0_g2  E74
TRINITY _DN37918_c0_gl
TRINITY _DN40911_c0_gl

FTZ-F1

TRINITY _DN27482 ¢c2_g2 FTZ-FI

i {7 8 2 32 1 Ecdysone receptor
I A P BE I Broad-Complex
JUiEE A WS Broad-Complex

#B T H M Ultraspiracle
58 12 353 R T R 1
Ecdysteroid-regulated protein
W R R
Ecdysteroid-regulated protein

Wi B MR R HH ETS

Ecdysone-induced protein 75

Wi B RA PR H ET4
Ecdysone-induced protein 74EF

PTTH i #5#R# % Prothoracicotropic hormon

58 B TR 5 Y e S TR T
Fushi-tarazu factor 1

U5t 157 I35 S B A SR IH

Fushi-tarazu factor 1

T Down
8 Up

No significant difference

T Down
k38 Up

[ Up

T Down

N Down

i Up

i Up

T Down

KA B Colaphellus bowringi
Z PR KA Psacothea hilaris
RN ¥ Tribolium castaneum

WABE R 2F Monochamus alternatus
WRAUR B Tribolium castaneum

2% Halyomorpha halys
IRIUB G Tribolium castaneum
IRPUR ¥ Tribolium castaneum

% 37 1
Leptinotarsa decemlineata

L

Leptinotarsa decemlineata

R4

Tribolium castaneum

JE o 7n 1 LR Z0 09 e B BORE S R R 4 SR, X
6 7% ST AR AR, 0 5 4l HOR R HURCOR A R] A9 AR
HR{GE Aiy RAS A7 5 R AN OG0 IR SR A HLAE I

&, 4l HUB B 500 A~ 22 57 5 Y 732 0 0 G 7 S
[ 2014, 1 A i b B e 1 4l e 2 ZLIE Ak T s
A 5 o A it T 40 T S RE RS X IR RS
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