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Abstract [[Objectives] To use transcriptome sequencing to identify the main functional groups of up-regulated genes, and
the main metabolic pathways of Hepialus altaicola larvae, and investigate the effects of cold stress differences on gene
transcription. [Methods] The transcriptome of H. altaicola larvae was sequenced and assembled on the Illumina HiSeq™
2500 sequencing platform. Database comparison and gene annotation were conducted using Blast software. The DEGSeq R
software package was used to analyze differentially expressed genes of larvae kept at 4 'C and GO term enrichment and
KEGG metabolic pathway analysis were performed on the up-regulated genes. [Results] After sequence splicing, a total of
100 300 genes were obtained with a total length of 81 600 309 bp, a mean length of 813 bp and an N50 length of 1 719 bp.

Comparison with seven major databases identified 34 691 (34.59%) unigenes. Transcriptome analysis revealed 11 569 genes
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that were differentially expressed in response to cold stress (DEGs), 7 158 of which were up-regulated and 4 411

down-regulated. The up-regulated genes were enriched to 47 GO terms and 217 KEGG pathways. An important proportion of

these were involved in the metabolic process, catalysis and binding activity teams. Ribosome, carbon metabolism, spliceosome

and other pathways were also significantly enriched. In addition, abiotic stress-related genes, such as heat shock protein, insect

cuticle protein, trehalase and superoxide dismutase, were up-regulated. [Conclusion] The transcriptomic data of H. altaicola

larvae reveal that the expression of genes related to metabolic processes, cellular processes, biological regulation, response to

stimuli, as well as some abiotic stress response genes, are significantly up-regulated in response to cold stress. This suggests

that H. altaicola larvae use a range of strategies to cope with cold stress, including antioxidant defense, molecular chaperones,

body temperature regulation and maintenance of cell osmotic balance.

Key words Hepialus altaicola; transcriptome; gene annotation; low temperature stress; differential expressed genes

B[ /R Z= i i Hepialus altaicola Wang 3R J& T
58 H Lepidoptera WmiE %Pl Hepialidae 151k &
Hepialus, J&#rsmbia A, 07 T Hrsmbi /R
21l CHEPR 1.000-3 000 m ), #F 84 i AE K T
T 5-20 em B FIEJE Y, AR H SF- 2 R L
- 5-15 °Cyufl (BXfEA, 1998 ), HFAMHISLL: %
WEE RIRAE 0-5 °C, 41 HUA Be4E s HUE Fliz S fig
J1, EATRR A RS V68 T o BT /R 28 0 i 2
JEdiHITE  Ophiocordyceps gracilis A% R L,
gy d Az FLR RS IS T8 B BT A AR B s
MR, BAARE M H E R 25 (R IEW
S, 2008 ). HAY, J&T 0w ik PRy T A58 A
XPHE> | TR R ZR Mg 0 (A it 5 R BEAE 4025 | RS
CGRESE, 1998), ghligtt (E4H5F, 2020)
I ) BEHE SN S5 T ( FXA 58, 2018 ), pdk
D ST L ARG IR 36 v 137 43— ML T Y B
5%, SR HAR IR A 2 B2 S0P FREAE SO ) 53 5] 18]
ARG R EE RGN R Z—. Hi, 82N
e S A RVE A 8 2 1 1k i FLATG TR 3 1
ZFFIRFEN, WorF 7K LT fif I e hy i
FEHLH

T, AT R Ry ny A A LT 4T
T RKEWIFE (Goto et al., 2001; FRK A%, 2005;
Lachenicht et al., 2010 ), F&[H 4 411 5
e AR I T A B U B DR RN AR 1 Y R A
FNYEAE o AT 0 A e b7 1) 5 B 22 R Rt
BNy, R EEM IR DR,
5P ( Heat shock proteins, HSPs ). $i
745 1 ( Antifreeze proteins, AFPs )55 (Luetal.,
2014 ), PMEH RS SEARTE . FAMA

FL ) 5 o ) 2 53 EAR T FE P N 28 H
f g8 7 4E A ( Clark and Worland, 2008 ;
Storey and Storey, 2011 ), HuiE AT
YRR Z5 K, ORI AR IR A= W) %0 32 VKR 5 T &
525 HEAEH ( Zachariassen and Husby, 1982 ),
A PG TEPE . EE5 SAMEIROY . BRI
3 FPEEFEE (Baretal., 2016 ),

T 5 M B SR A A L BB RN A 1
WHRHNRZ —, KRZEE B2 Iy JE e sl 34
PERR IR 2258 (Sinclairetal., 2003 ), BEH KT
FIRAEN 2 PR B R 1 728 A A B S A I AR
TEFFAL T R I B 1 PR S WML, ¥ AR AT
SR RREEIHAE . AR R B GRRE
A% ( Sinclair et al., 2013 ), SHEIEE W AIWFSE,
A B T8 7R B HUE PR3 0 ok A v gk 1 1
THLE AR, SRAEA DL S R B i R A
JEEE ST BT R 2% 0 e K S s HRE 1 40 A R
RN PRI, S T AR A 2 7 P A 5
e, AT AR SR AL B A S B 2E A BT g
Je RS A RTEE AV Ikl HUr AR 22
L7 N = W B T T A S A N
Hepialus xiaojinensis %) d1 i 76 1) P #5 5 % ( Zhu
et al., 2016 ), *TEH HH R A B 5]k
1 26 5 26 TR HE R 1) i Sk 2H 0 93 30 A0 455 V0 ol R
I Eogystia hippophaecolus ( Cui et al., 2017 ).
% %% Bombyx mori ( Guo et al., 2018), IR
Galleria mellonella Linnaeu (4345, 2019 ), .
P EKUE Ostrinia furnacalis ( Chen et al., 2019 )
T N R AR =T AIDESES 7S I T Vie
g iy RO IR LA R B T 32 RE 7, MR
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T R 0 P 2 B A T Y R PR IR o ML A
RAFAEL

BT AR T 0 i S A 3 A 2 AR R A
FEPR & I8 A 2Bt (Marioni et al., 2008 ), A
W58 % M Hlumina HiSeq ™ 2500 77 &5 %4
L] 7 TG ek Ak L P BT 7 2 i ik 4y R A e SR
HMF , RGP IIME B AT OHE A, Xt
42 unigenes HEATIIRETERE | 02 AR &1
BAr, IEXF 4 CARIRANEA H 22 7 FRRA
SN PEFT T GO 1 KEGG ThfE /M E 420,
TR DG 5818 AR Y FRIRFE ], LU % 41 B]
O 2% W AV 0L PO 30 e Sy 2 v g O Bl 5 DR R A 3B
T, A AT IR T R BT IR 28 g ik it FE ML 7Y
WF9E B85 He il

1 MREAEE

11 SRR

Bi] 7% 2% g i &0y HRSRe [ A i T 4 2 b IX A JR
HE I B 87525 Paeonia sinjiangensis A
(R4 1260 m), 5 R IR B 438 —JFlkcdE . A
PN RN, KREML R TR | k5T
T B A, BERE AR N — B EE RN HL 5
PIZH T sk i o s — Al 35 TR IR 32 46
(MGC-250P #1, Fifg—18) o, fHFREERE
H (12+1) °C, HIXHZEE 50%-60%, JGJEHA
16L : 8D, TilFE— i) EIEM AR ARAE ; 51—
IR E T 4 CIUEAMF T —HE, A
B AR, SMafiie, & TR a T,
A VKA 2R R, E BT WA IR
17 KL IR IR A48 W MR SR e 44 SHW, 4 °C
IRV b ) 5 25 24 SDWC.,

1.2 RNA #£H. cDNA ZEHZEF Illumina
o/

3 DN AR A 1) ] 2R 2 i i o rp BB 2
3L (3L 5 # ), F TRIzol #5742 HL RNA, & RNA
AIFEEL . cDNA SCERE SZINF TAER AL G il
A A RA A5 . R Hlumina
HiSeq™ 2500 ( Illumina, San Diego, CA, USA )

ARG, MR N PEI25,
13 #HFREAHK

P75 2 1 IR an i ( Raw reads ) & A 741
ek (Hki54s ) AIRBTRAY reads, 5 2X) )5
Gl AR AL S SR BR AR S D A
3 38 S5 B £ ( Clean reads ), FifEAT
JEZo T, AE 1) KBRS reads; 2)
EERARMBIIE N KT 10%FH reads; 3 ) F=4 K5
i reads ( JidE{d Qphred<<20 FHHIEEL 24>
reads 1Y 50%LL 1 reads ), 1 3E 5 A9 ¥ 0P
PRAF R FASTQ A%, 7 i BT it (8 0 3 5040 S
35 Q20( Phred>20 Bl AL 7 SR SL I 43 LE ).
Q30 ( Phred>30 fisJ& i S A 5L (19 7 43 L ).
GC && (BRIE G A1 C Ay B S B Ay Bl R 50y
AL,

1.4 Trinity $f#

FIH Trinity BT DRAS B 15 B I 5 458
HATBHEA 2 (Grabherr et al., 2011), BB
Ty reads FTWr AR 1Y 7 Bt ( K-mers ), $2H04
K 8L A ( Transcript ) BYUIME A ; R X 88
B REAK A B (Contigs ), FHHI XL R
Btz B ESIE WA Bi%E S (Component ); &
J&5 i ] De Bruijn X352 U BT FHEY
XTREAS F BEE 0 e sk e A TR A s B Rl
Tgicl XL RELITURIG BN HEL R
LA 7% unigenes H T 52245307

15 EEThREEREFMS

{i FH Blast % unigenes 5 %44 ( Nr, COG,
SwissProt , KEGG 1 GO ) X #kfT3hae .
SR J5 F Blast2GO #£47 GO ( Gene Ontology ) %%
H MzhfaE 26481 (Conesa et al., 2005 ), FJH
KOBAS 2.0( Xie et al., 2011 ) 3875 KEGG( Kyoto
Encyclopedia of Genes and Genomes ) H' unigenes
1) AR AR 2 SR $0 58 unigenes Y24 LR 74
ZJ5#i/H HMMER ( Finn et al., 2011) #{}5
Pfam ¥4 /% (Finn et al., 2014 ) #EfTHER, 3

% unigenes MITERE B o
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1.6 RBHEFREERRIEEFRTIEES AKFERE
BEST
h T REE WA O Z [ ) 2 5 36 A, fifi 3
DR S) i B T Bk R B B T R B R
(FPKM) Jrikit s e R ik . A1 RSEM $if4:
£ (Li and Dewey, 2011 ) ¥55E 5 A9 748
P T8 LR U I o S P AT HEX M EE X &
AR AT AN 3 TR AR R ] A B A% R I 4K
( Read count ), FE#F7125 55 RAHK ( DEGs )
T2, XN SCRE, ] edgea R
TR P R R B, W LR il A SC o, i
DEGSeq R P45 B AR i A PRESCHE 117 22 57 3R
iE#EFAS ( Anders and Huber, 2010 ), fdi F4E% 1%
KIBF (FDR) ®IE P {H, ¥ FDR<0.01 #
llogy(Fold change)| =2 Bt W i % % 7 F AN
H, Hrp FC FRmmikEm Rk E i E. I
EZRFIKFINYE COG. GO KEGG %k & Xt

4354 ] Blast2 GO #i1 KOBAS #417 DEGs [ GO
UifEE A KEGG ki, X255 Rk
SERMTIRE . Jm . R s s S T
AT

2 GBRE59H

21 FIRFBEERRAMERALR

K FH Mlumina I 575 5 %57 B 7K 2 g i 40y i
SKHHATINT, BEHEAA NG 7.1 Gb 19
s, i, LAERAT 151 924 %
5 NI | O 1 i A e - A N T |
100 300 /™ unigenes, &K 81 600 309 bp, “F
IR 813 bp, N50 (3 50% FrA % irmem
RPN EERKE ) KN 1719 bp, SHW 4
il SDWC HFA MBS Q20 MH 4r LT
97%VA L5 Q30 B E 43 LbFE 92%Lh | (R 1), Af
X S A T i A TR

&1 M/RZEFEH cDNA # @il FF iR T it =

Tablel Summary for raw reads of cDNA samples of Hepialus altaicola

v ot R % " A (o
Sfi:;le Ndibr:rag: r%zads ifeonf(c/{;ailct})zs)es G%Ca int(eft) Q20 (%) Q30 (%)
SHW1 27380315 8.17 45.92 97.85 94.14
SHW2 23 856 525 7.11 45.30 97.39 92.95
SDWC1 30982 643 9.23 49.12 97.92 94.33
SDWC2 25002 321 7.47 46.65 97.43 93.11

Q20, Q30: 4HHIFI/R IR =20 Al =30 MBRFEAT b 143 1
Q20, Q30: Percentages of bases with the quality value=20 and =30, respectively.

2.2 unigene BIThEEFEM 43

FEARAFA9 100 300 > unigenes 43 7E 7 4
EE AR AT, BURE e<107'7,
A 34 691 4% unigenes FRIGTERE, i 34.59%( %
2); Ho by bR AR N B, TERE 29 865
2% unigenes (29.78% ), 5HAMAYMCHIEH
HLA AN ) AR B 4 TR D

EEERBRFS T, A 4 522 4 e-value>
1x10™", HUERIFHIN 15.14%; @ REUCEC e
i (e-value<Ix10 °°) WA 12 788 4 (5
42.82% ) (l 1: A). KZ%L unigenes LXTAH

RIPETE 50% LA (E 1: B)o MEFHERBRIAFh
SRR, A 15874 (1 5.32% ) JEH R
72 igk Spodoptera litura [AJE; A 1 404 4~ (5
4.7% IR 5 A5 i ik Amyelois transitella 7] ;
1223 4~ (5 4.1%) HEH S5 Plutella
xylostella [A] i ; FHAPF L 57.99% (&l 1: C ).

2.3 {RiBMMEZERRESH

MR 22 5 2B A, e T ) 3 2 R AT Ak 3
HAEFER KR (FDR) /N 0.01 &4 T, #
JH DESeq Z3HriG3) 11 569 /> 35 25 R ik H A

(DEG), HHr 7158 4~ i, 4411 A~ Fif, 2
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RRBENNZERREALGEHEY =34, B 231 REHEEH/RFERHRERELARE
llog2(SDWC/SHW)|=3.4, H:H SDWC (KR 4k EEH COG Iheeix®E 44 LK ILHY unigenes
PRI FRIE I, SHW &% HUR R4 i Rk it 2k COG Bl FETRe il Ao 28, Ly B3

®2 FRFEEERAETRE

Table2 Functional annotation of Hepialus altaicola transcriptome

VR PR R R R K (bp) Length T (%)
Annotated database Number .Of annotated 300-1 000 >1000 Percentage
unigenes
COG 9501 2 357 5427 9.47
GO 12 671 4081 5376 12.63
KEGG 13 827 3964 7 035 13.79
KOG 19 290 5153 10 064 19.23
Pfam 21002 5618 11959 20.94
Swissport 15371 4136 8569 15.33
NR 29 865 9 746 13 755 29.78
Over all 34 691 11 345 15120 34.59

oe}

' 6325 m0%-50%
16.32% = 0-1x10-150
0/ 600
m 1x107150-1 %1010 m50%-60%
m 1x1071%_1x10-5° 3510, 160%-70%
- 11.75%
m 1x107%0-1x10™ 1 170%-80%
m>1x10™

m80%-90%
2215, 7.42%

m90%-100%

1587, 5.32% m E &M Rhagoletis zephyria

1 404, 4.70% m BRI Spodopt.era litu.ra
w R IE IR Amyelois transitella

1223, 4.10%  EHER IR Plutella xylostella

m X7 Bombyx mori
0,

A 1152,3.86% m {RE#R R Bicyclus anynana
‘1 077,3.61% m #3448 18 Helicoverpa armigera

1 055. 3.53% m HHZERR MR Heliothis virescens
Dt m FR0 Euroglyphus maynei
1049, 3.51% m 4Rt Papilio machaon

919, 3.08% m HABH)FP Other species
858, 2.87%

Bl 1 PFI/REBIEE unigenes 5 Nr BIEELL £ R
Fig. 1 Alignment of the unigenes from Hepialus altaicola against Nr database

A. e fH 0 ; B. MM, C RIRTFIYA 16

A. e-value distribution; B. Similarity distribution; C. Species distribution of unigene homologs.
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2817 4%, 7k 24 25 (W 2), BIMECFREREE
R M S IRE A 4t Hodp, —eTh
BETI (R ) ) unigenes B £, J 341 55 (

12.11% ); HUIERIPE, ARG RAE YA
(1), 318 4 (15 11.29% ); WKL E W%z
AR (G), 243 %% (/5 8.63% ); BHIF/E &M

300 -

#Z Frequency
[\
[=}
S
I

—_

(=]

(=]
T

A BCDETFGHTIIJKLMNOPQRSTUVWZ

IhRE4>2E Function class

K: % 3% Transcription [66, 2.34%)]

N: 4153 Cell motility [8, 0.28%]

S: HBER A Function unknown [51, 1.81]

V: BifHL Defense mechanisms [61, 2.17%]
W: 4iiaSM45#4 Extracellular structures [3, 0.11%]
Z: YR B ¥R Cytoskeleton [7, 0.25%)

A: RNAHI T FEHi RNA processing and modification [2, 0.07%]

B: Jefa i 45 13l J12% Chromatin structure and dynamics [6, 0.21%)

C: fER 4 = 5%4 4k Energy production and conversion [155, 5.5%)

D: 40 E S, A3, YRR Cell cycle control, cell division, chromosome partitioning [28, 0.99%]
E: EH:R%2 AR Amino acid transport and metabolism [237, 8.41%]

F: B RS 12 FCi Nucleotide transport and metabolism [84, 2.98%)

G: BRIk Y3 AR Carbohydrate transport and metabolism [243, 8.63%]

H: 4Bl 2 7 Coenzyme transport and metabolism [148, 5.25%)

1: JE2%%:2 F1f Lipid transport and metabolism [186, 6.60%]

J: B, RBERGEH A4 & 4 Translation, ribosomal structure and biogenesis [318, 11.29%)

L: Z%, HEHFMEE Replication, recombination and repair [103, 3.66%)]
M: 40 g BE/[I5 /% KA B5-6 ), Cell wall/membrane/envelope biogenesis [96, 3.41%]

O: FRE B, BT, 4> T8 Posttranslational modification, protein turnover, chaperones [238, 8.45%]
P: THLE FH%iz 51X} Inorganic ion transport and metabolism [123, 4.37%)]

Q: REURCT= WA R, BHi A4 Secondary metabolites biosynthesis, transport and catabolism [152, 5.4%)]
R: —BIHARETM General function prediction only [341, 12.1 1%]

T: {5 5% 5 #HL#1 Signal transduction mechanisms [153, 5.43%]
U: i NEE, S IBFBENIF I3 Intracellular trafficking, secretion, and vesicular transport [8, 0.28%]

B2 LREKREEER COG IhatiER
Fig. 2 COG function annotation of the up-regulated unigenes

& FPHES BT 3R unigenes FUEE, B - BUREIHAT 5 LB

The numbers in brackets in the figure represent the number of unigenes, and the percentage represents its proportion.

EHBEE . 2 THA (0), 238 (1 8.45%)
MR IR 2 A0 (E), 237 (5 8.41% ). T
W RA A DAY R 5 RNA I T AEM (A) A5G,
224 (i 0.07% )o FTERIITIRED S BB /K
e L) R C NP 2 e SR R 2

232 RiEMMERE LAREERFER GO Ihek
£ REMEE FHEEREN GO Mk E £
Brigss, WAAEYFRE . ST Oine . d0M s

3R, 47 Dime/hE (B3 ), 41792 %
PFERELN, 53T 8207 PMIhfieH R, Hi,

1 896 ZAUERIHE T F2ifig; 2 893 S5 R JE
TAIMLSSr; 3 418 ZKHJE FAY =it i, 5
FUREX—25H, DML TE (52.32% ) Figh &
TEPE (35.02% ) e, MEdtd 87.34%,

FEANML AL A3 T, B SRR AR AR £ (23.47% ),
HU MRS (23.43% ). Z0HEEE (15.59% ).
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BATEAEY (122%) %5500, fEEY TR
JriE, DMCEEE R 3 (29.34% ), Hk A4
Wt (27.71% ) R — A WU (15.68 % ),
AN, BN (5.85% ). AMAERL A R4 s A

B (5.44% ), AWIETT (4.97% ). %R O
(3.42% ) LA HHERZIHE], X ey REL
FEHH, Bl R ZR 0 gk e A IR o 2 A 2 R £
Dy i g, A LIRS R ) A R

FR % Number of unigenes
1 10 100 1 000

{BALTE: Catalytic activity ' : '
%54 Binding

LM 4rTFEHE Structural molecule activity
3275 ¥ Transporter activity Ee—

HEALTEYE Antioxidant activity {e—

5B {58053 Signal transducer activity [s—

S TINREIH T 2% Molecular function regulator [r—
A, RIS M Electron carrier activity f
WRRES & T B F % 7 Nucleic acid binding transcription factor activity s

BRI TIEM:, A MYSE Transcription factor activity, protein binding _E

4T IhEE Molecular function

B A kR4 Protein tag
S 7B A3 Pk Molecular transducer activity
£ BB 1S M Metallochaperone activity [
4Hiifd Cell
YIRS Cell part [
4HfI2% Organelle
BT 4% Macromolecular complex
YN ERER 4> Organelle part —
JE Membrane
JEFEL 4> Membrane part

4043 Cellular component

fidst ] [ Membrane-enclosed lumen
HTE 4% Supramolecular complex ?
JRTEMR Virion

WS REAFRSY Virion part

HRAEANX IR Extracellular region

Z&fjh Synapse

ZE 84> Synapse part

YR Hash X IR FER ) Extracellular region part

4% Nucleoid [

H: Y538 Biological process

{11372 Metabolic process
Y372 Cellular process F

B YAk 2 Single-organism process
{7 Localization
21 4 I A 2R A= 55 AR, Cellular component organization or biogenesis

H:#13F5 Biological regulation :

ot ]34 i 52 % Response to stimulus
KRB 1372 Developmental process
LA YL 72 Multicellular organismal process
{55 Signaling

4258 Reproduction

H:55 332 Reproductive process

T8 3 2 Multi-organism process
HEFE Detoxification

i3} Locomotion

ol R G5 #: Immune system process
4324 Behavior

W R AL 2 fil % 3 O 22 il B3 #2 Presynaptic process involved in chemical synaptic transmission

H K Growth

—
_

3 M/RFEHMBELERRE FRAREAERM GO haEH £
Fig. 3 GO termsalignment of the up-regulated unigenes from the transcriptome

of Hepialus altaicola at low temperature
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233 RIBMMBEFRREBEREALFARIE  NERTIIRZH 50 ZARGHER . HhERE
EFEK KEGG RigHEEESHT Bl /R 2SR ik % 5% PEAZ B AGE #E (122), AR RS 5t
AR B 8 R85 PR e 5 31 KEGG i 12 B E S HUCE ST 10 17 1R A i
138]2 953 AL, FAER 217 MG, K 4 (89). ByHK (89). WEIMBE TN T. (86).

FFE%H Number of unigenes
0 20 40 60 80 100 120 140
WA Ribosome M !
%R Carbon metabolism
B Spliceosome —
PN R 978 I BEID T Protein processing in endoplasmic reticulum
RNA#3Z RNA transport _

M274F H Endocytosis

FHER A Y& i) Biosynthesis of amino acids _
MZ44X,35 Purine metabolism
TEAYIBHA Peroxisome
FEALBERR 1L Oxidative phosphorylation
ZEZNSHEBH/KE Ubiquitin mediated proteolysis
mRNA W5l #%42 mRNA surveillance pathway
E R Y A% REIR-S i Ribosome biogenesis in eukaryotes
RNA%f# RNA degradation
mTOR{5 5 # mTOR signaling pathway
w5 EA i Pyrimidine metabolism
F W& Phagosome
FEEEARNAR 4918 B, Aminoacyl-tRNA biosynthesis
FEBEf#E /B A Glycolysis/Gluconeogenesis
HBEMR, FEMRMAETEIRIIMSE Valine, leucine and isoleucine degradation
R BB Amino sugar and nucleotide sugar metabolism
VEMSFIERE{R4) Starch and sucrose metabolism
R A 3R R A1 Glyoxylate and dicarboxylate metabolism
YABHA Lysosome
HERRELERS ( TCATEER ) Citrate cycle (TCA cycle)
E HE#HA Proteasome
BRI} Pyruvate metabolism
MR YIERMEE Nucleotide excision repair
DNAZ fi] DNA replication
R IR N ZFRIKCH Cysteine and methionine metabolism
WER, REEMRAMASERMAB Alanine, aspartate and glutamate metabolism
N-ZHEH: Y& B N-Glycan biosynthesis
182 R/ Tryptophan metabolism
Re R Fatty acid metabolism
2 H A Glutathione metabolism
TRBE AN AT RR TS (1 AH FL 424K Pentose and glucuronate interconversions
HE®, ZEMRAIFEMEKE Glycine, serine and threonine metabolism
niabk 5 -4 2 Porphyrin and chlorophyll metabolism
HihiBshg1ii Glycerophospholipid metabolism
AR 4 i £6, R P450/R3 Metabolism of xenobiotics by cytochrome P450
Fnti%E ¢ F T Basal transcription factors
i EBRF%f# Lysine degradation
BENEBENLEE5 5 R 45 Phosphatidylinositol signaling systemFoxO
{5538 % FoxO signaling pathwayWnt
{55 % Wnt signaling pathway
KRR FIHE MR Arginine and proline metabolism
SobEFTH B Fructose and mannose metabolism
Wi JLEZAX, 3 Inositol phosphate metabolism
Hisifg i Glycerolipid metabolism
2-FARIRER I 2-Oxocarboxylic acid metabolism

4 FRFEHMBLEFHFE DARIEEN KEGG BT
Fig.4 KEGG pathway analysis of the up-regulated unigenesin transcriptome
of Hepialus altaicola at low temperature
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RNA Fiz (79). ZAERAEWA N (71), BER
R 61 ) i AL 56 ) SEALBERR 1R 54 ).
LEMNFEAUKSE (52) SRR,

234 F/RFIBHKEBMNERADSIEEY
rEEXHEE BAREER  ERENG 5
SEAL AT, 5 AR A Y an A G Y Sk R
= MRS, BREHEE T 70 (HSP70), #4H%

90 (HSP90 ), B H £ 7 # M (Insect cuticle

protein ). T BEMEEE ( Trehalase ). #i/#% 8 & 1k

Y AL ( Copper/zinc superoxide dismutase,

SODC ) . 4ififi {4, P450 ( Cytochrome P450 ) .

JK il i & 9 ( Aquaporin-9 ) Fil 4 B 1k il
( Enolase ) FEH4E, AR IAEEIIRT 4.0
(£3)

* 3 MRFEHEFREAPIEEMPBME GO K& FAREIERRER
Table3 Unigenesin the abiotic stress response GO term in Hepialus altaicola transcriptome

Gene ID FDR fH log,FC & RN Yy aeftiik
FDR value log, FC value Gene function description
¢101516.graph_c0 8.21x10°'° 9.090 566 956  HH % FH 70 Heat shock protein 70
c40782.graph_c0 1.15x107 12 10.759 013 13 [A]JEEI G FE H 70 Heat shock protein cognate 70
¢110722.graph_c0 5.84x107 12 10.929 180 07  #IM A M 90 Heat shock protein 90
¢108391.graph_c0 1.29x10°° 4.066 870 807  VFBENENE Trehalase

¢110146.graph_c0 0 13.458 979 89

€92448.graph_c0 7.48x10° " 9.701 522 336
¢79839.graph_c0 2.51x10°% 8.207 914 132
¢110115.graph_c0 1.11x107 16 12.575 742 19
¢94268.graph_c0 9.34x107* 4307 447 121

/e A ALY B AL Copper/zine superoxide dismutase
4l 2. P450 Cytochrome P450

JilE{LE Enolase

B EREN Insect cuticle protein

KiBIEEH Aquaporin

3 itig

A FE R PN H R 35 R R A B BT R
7% U Ok &y AT e S AL R A e AT, R ARAR
100 300 4% unigenes, H:HA 34 691 2% (
34.59% ) unigenes #% Nr. Swiss-Prot, Pfam, GO,
COG/KOG Ml KEGG S #ds i ke . it Nr
B eI AT R 8 LU X, B /R 2R i ks S 2 AT
29 865 SHEF SO HMEABFAFEE, &
29.78% , F W s A v i A R D B M 0 2
PAL, 3ok L3 PR A R 5 L H BT Ak 19 A 5% PR A
(A ) AR O . BRI 3R R P SR 206 R i
T R RS s RIIE A & 5.32%,
HAMZTE 3%-5%Z [0, 4RZSHEERN N H
M, T RER o T AR R v OGSl E e
BRI R SR /L, BA7 A — S8 R HURRAT ()
B

X LR RGA I AT GO TRl &
SRR W2 s R o 4 R 280 b LIAR g

T (29.34% ) fir i Lol , X SRR T R R
R s e & B2 U —2 (Zhang et al.,
2011 ), 534, TEARIR T AW . X
N FNARE 2R 48 S5 A L R R e ik, DRI R o
1) S8 S 5 S B VIAH G, W st il P R ot
e R GPE RN ik & ZE (Wojda, 2017 ). E57
TIRERBE, ML E MM AL g
87.34%, X 5 H T B HAE LR MHE T 7 F DIfe )
ORGSR (FE/RPE-nEFASE, 2016; Chang
etal., 2020 ), &I LLIRAETE L 15 ke ¢
HEAE I L BITJR ZR IR GO 43274 T-IIfE4H /0 1
/N H Microdera punctipennis #5242 T
T AN ARG M | B B AS SRTE PE S
(PEIRYE-HEAASE, 2016 ), KA FE R HUH SR FE
AR 3 ] 17 ) A 2 R L 4 D RE R4 i A
AYHZSHEREBOH A, (HAT B3 AR A R ik
SRR 2E . Rk, B AT A4 i A7 1
VIR )22 50, v RE S AR AF SR AE 3 S PEAE G
( Parker etal., 2015 ),
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TE LRI E R 217 4~ KEGG #&1%
W, RBEER . BT . YRR . NI R
BTN T AR b 45w AR AR B AR R . R
Bi] 7% 25 i e 40y e A 7 X I YR POl 2 o) T L TR 2 1
REVEINAE, Hod, f07% unigenes Fx Y Wbl
&7 AREHE RS (ko03010), 3122 4, XAlfEY
A R X VR R A 1% s I RN A T A R 9 5 A%
ARIAE S ( Zhang et al., 2011 ), %R %
P AR =, BERSSE I A P S IR 0 AL A i
3 (Uechietal., 2001 ), “BRACIH" 538 0 1)
FREEAA G, 76838 i A2 o n] LA R KAk &4
KARIEARA ) ( Zhang et al., 2011), 78 “Hy#E
K" @i, EEAAEILE T HSP70. RNA
gEA T M ATP (KIS RNA f# el ; HSP70 il
IR AT WO i % 5% 7 ATF-4 257 “I i
PR BN TasAR s 7 AR AL iR
e, EEAFTEANE (R A LA %L . NADH Mt
ARG IR ATP AL, X5 %
g% (Hepialus sp.) 7E 4 °CARIRYIL)SHH HE X}
M4l (15 °C) BV B Rk —3 (&
&, 2016), $E/R0]BEAAAESZ AR T 1 S A
TTHL o 3 2 SRR PR 5 S KT I e R %
B, AR T LR ) AR A R A b B
B A A i B, t— e R L AR T Sk fa] i ik 4y
RETEARIE T Rtk 2 .

BT 7R 2% Mg e 4 Hh K 2 AR R R IR 1000 m LA
AR S L, ABEEE AL 1.5 m UL,
SIRATREZE - 30 CLAR . EgmAKids,
RHAFE R DI GR PR B, R A 2 A fk
(A SR T BBV S B R BE R (1) ik A8 b o IFE
BH, — 2 [5G Aok s ol R 2 i S 4 4 5 ) 35 PR
bray QUCV VR (AR 78 il s A S D ST oy el SE e
PR AR LR B, EAERISRE D . PUA
LGS SRR 7 & BRI R i ( Elbein
etal., 2003; Storey and Storey, 2012 ), FEFT/R
2R 0 I 4y AT IR ol 5 S AL o b, AR AR
il AH &L R 4 HSP70, HSP9O , B2 &z 8
KIEIEE M . SODC., WS . i E P450
GHEE FRIE . WFRERV, HSP 70 XALIAT
ZALIRE X HEZE (Rinehart et al., 2007 ), K&

Yk % T — k¥ Chilo suppressalisIE i & 41
i) HSP90 23k ( Sonoda et al., 2006 ), Bi/R #2108
WRAE 4 CYRE N skl b A 15 4~ HSP70 F1 2
A~ HSP9O K B3 Fi#EE, H logFC YH
>8.5, FH HSP70 Fl HSPOO X4 S iR AR A1
o J34h, COG ZrZkW, it ma W AR iR briE
() DEGs #{JH280 “BIRRa &M . AR . 1k
BEH" , X545 HSPs IYFEH FE—3 . 78
RIRFE SR 28 R UK E AL ik
ik o WFFY B I — S L de 2 bR 38 f 2R 1 SR RO 4K
PLFEV Fl— e A F A 3REE A & ( Dunning et al.,

2013; Dennis etal., 2015), X$EEHE AR
HRTIC AL, 2R R SRS XA LB
HUARTT ) o B R A SR —Fh AR MO A S s
IR XTER 5Pk ( Zhang et al., 2008 ), 7KiHiE
B AE NGRS 2 SR NS &R IE T, 35
il 77 20 R P 28 1 (e 4 A R i B RN i A 3R
IO 20 AR5 3% 1 B AR A, R a5 TR 9E fig ) B
A (Philip et al., 2008 ), Bij/RZE@ k4]
IR e AR R K SR KA TR S
HE R L RERIAAROC, DT 4ERF20 8 i
iy, HWEAYEALEE (SOD) & T4 )8, G5
AR 4 T B ARG G, B AR B IR A 4
/e AL ARG . A fiRiEE T SOD &4k
FERY B, A B T4 8 PERC Culex pipiens B4
( Sim and Denlinger, 2011 ), fEARMMRH, KB
TEMRIR A R, SODC Ny & % iM%k
(logoFC fH=13.459 ), #EM SOD 7E % W BT /R
TR IR A BB A B bl E AR Y e
S B MMk L ) A R ), AEAE TR i
PR BB, RRUSAEfF R AR . R B FCEHE
T EES (Elbein et al., 2003 ), HFHObEG
T SN R AR ) SRR, B AR VA D
AT DAk F SRR G e, SRt RE >

HCA AN L FEVS fili (Shietal., 2016 ), HHIFEH
TEXE B d Harmonia axyridis At FE8 44 55
ZH A 5T T L e I A T O T 1 25 R R GA AR
(Tangetal., 2017 ), 7EARIRMAT, V5 EE0EREG
FEHE 2 FIRERIA (log,FC {H=4.067 ), FWIH
SR gk &) AR V2 Ik e 1 AL 2 — o H A
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YR P450 SRR A & ( Nakashima
etal., 1996 ). BI/R 708 k4l AR &5 S5
M 28 N 540 (0 R P4SO AR A S 3L A |
PHFEIR , FRBH LT BE i & AR TRL R 1 AL ot 1 4G
. b, RS —F 2 TRRE N, &
WEBE A A R 2 — , (LR 27 4 B VA T R 4
HEA, £S5 %5 TR RN R GRS
I (Nguyen etal., 2013 ), 5 NCBI FI Nr %%
PR AT SR R, A 7.42% 4 [R) TR AR L R B
T—FhERiME Rhagoletis zephyria, I H7EEF4h
SRBER, T LA AT A I T SR 14 i Sk 4l

AT T A0 A R R T R BE AR AR P R R
FA 3 PR A 3, (E R o oK S S 5 SR TR 175
T 114 I g 4y L O AR L v i S U ) A DK A T
VERT, R B3, IESE A DUz Y
e TR ATRESE: (1) T GenBank 1
BCTEM 65 H R R bR IR, BIR
RIS RPLIRE 5 OB AL R iR & A
BUDREE, KX E]S AFP SR T 5
(2) mRNA #5RoK V- A Rk KF Z [ 1Y)
KP4 (Sharabiani et al., 2005 ); (3) 7K
M) 57 B B AT e A B 2 11 5 A T R B R A
RIS/ R, WA AR iR
AR L= AR 1 e 1 LU FE VR

g5 I, ARIRIA ST TR 28 0w 0 32 I 1) 25 S 1k
35 U B &y BT R 3 a AR OC 56 PR A 2 SR oK
SR AME AR AT S A A Bl I
(ST SR 2 A R T oV N AW U< 1 1)
T AR AEWE T X SRR s I A AR A i AR A
P TSESINTE S oY A EE ) STEL T v S|
PE 7R BAT 7R 2 i ik &)y R n] B A T-REAE L BUE AR
0 PRI VT | LR )98 T A5 22 T T R
SR E o A5 3RS BFE S AR B A i 4
S, 0 R AT 7% 2 W 0 4y R S S I DR R 4 7
FEHLRI AL T IR B AE B IR, G E N
TSR | o2 MG IE B M A T it — 2 1
ZHMAE.
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