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(1. JEatholy KA FE AW B IE I aU T B SL6 %, JEaT 100083 5 2. JEatAoll Ko vk ROl ZRAR AR A= 9
BeASLEE, dbat 100083 ; 3. i B ARl Fis JFUR) , PaEG H Il 8578005 4. AR E Ml FF 5,
WAL 3KEK T 0755005 5. 5KE O T8 FldHdz, WL 3k 1 075599)
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(21% FGRJE) P B8R (14% FGRJE ) Fo & B8 B (7% FGR B ) A 32 R A &8 2 M) B HAR KA
AT AR BATHZANFSWE HitEBE 5% 2 AR MBEE 4, RAFHELZT
% PCR (quantitative real-time PCR,qPCR)# K &} #& 20 /-2 Rt /7 0038, &R AW, 57w &4
ABYE , 14% F2 T% FGk EALZE T H R A4 R B3F 27 R AL B H oA A 31 M1 5254, KA
G HEMRF D R R FEEFEAERR R LT ER B PHIZ R G FL a0 I b 04 5
BH MEBHF, KEMEE FH RS R EREAARRER T2 E A RRB FGMH
ABORC | B8 4 Fe BB BR B (cyclic adenosine monophosphate, cAMP )43 5 18 #6-% , qPCR A&
SR G HFAN LR, AR FAN LR T,
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Abstract: To explore the molecular mechanisms underlying the hypoxic adaptation of small poplar
borer Saperda populnea larvae, the larvae were treated with normal oxygen (21% O, concentration),
moderate hypoxia (14% O, concentration) and severe hypoxia (7% O, concentration). Transcriptome se-
quencing and assembly, functional annotation and classification, as well as screening and analysis of dif-
ferentially expressed genes in S. populnea under hypoxic stress were conducted using high-throughput
sequencing techniques. Quantitative real-time PCR (qPCR) was used to verify the sequencing accuracy
of transcriptome data. The results indicated that the number of differentially expressed genes in S. popul-
nea larvae treated with 14% O, concentration and 7% O, concentration was 31 and 1 525, respectively,
compared to larvae in a normal oxygen environment. The functions of these differentially expressed
genes in S. populnea larvae exposed to hypoxic stress were mainly enriched in transmembrane trans-

porter activity, movement of cell or subcellular component, and microtubule-based movement. The dif-
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ferentially expressed genes under hypoxic stress were mainly enriched in KEGG pathways such as nitro-

gen metabolism, protein digestion and absorption, circadian entrainment, and cyclic adenosine mono-

phosphate (cAMP) signaling pathway. Validation through qPCR revealed similar results in the RNA-seq

data, affirming the accuracy of the sequencing data.

Key words: Saperda populnea; hypoxic stress; differentially expressed gene; functional enrichment

analysis; high-throughput sequencing

H 1 K4 Saperda populnea 5§ )& ¥3# H K4 F}
IR R A WA K 4F & Saperda, ¥ 5 R EEB AW
Populus tomentosa . 8 1 ¥ Populus alba F Il 1
Populus canadensis W . HAHRAVENELED
I AT A MO E X 42, [R] ),
B8 Ry A E MO G B PR AR (CE AR 4RSS, 2001
RN, 2018) o K44 Bk 4 i 3 14
T, Bl F A 2T R BHAS A SR 4312 %, LABOR
R A AT 500 B JE | 7™ 2 B 22 #R SE T (Eken et al.,
2006; £, 2017) o FEESMT KA EEI
Tuh AR A 2F 22 25 E K (Georgiev et al.,
2004; Wallin et al.,2017) , 7% [ P H A3 A 7E 7R L Al
At A5 (227K AR 5F ,2015) o 2002 4R 7E PG IR X
(TR PR PG Prg it th K B8 2 IR R MK
A B S 12 O PE AR PRI Ry R A B T,
R FEAC YR A H IR ) =R H
(L2 T15E,2004) , R I B 75 47 28 4 S AT 4R
JEiR3E B o3 BIL DN T Bl i e B H R

VAR, [ N AP G T PR B0 X0 B H 5 e ) £
GO 2, K24 P AE R0 X B HL A 52 0
1 (Bernardo et al., 2008 ; Garcia et al.,2009) , [fii T
TR A T B e pF e . R A T I
Jofp3E8 B 2 SR B — FR A A9 3 I PEREAE o 40 Mur-
dock et al.(2012) BF5¢ & B, 24 40k AR T+ 4% I Y
2G4 Callosobruchus maculatus I HUEAT R JLF-15
1k s 15 = /N Blattella germanica WERE R HUAE 12% %A
W R A 3R — B ) i, AR A S AT eI
il AR T 49 S R AC 24 279% 1 23% (VandenBrooks et
al., 2012) ; 75 St S8 0 (0] ~F 5% B2 W Amblycheila cy-
lindriformis ¥ H I GH H8 BEAIG 22 5 SR BT (1) 3%~
14% (Hoback et al.,2000), HHiE & — LoD
W B ORI AL I o R 5 85 1 (heat shock
protein, Hsp) . —#& & (tricarboxylic acid, TCA )JE#
AH OGN A S5, 1 45 28 1 ARG 4 i [0 B PR T AR
Pras AR S AR TR R AR . AR
R TR R iz
FERTER ZECEHESI Y LA Kok A R iR N ik 13

I, TR SRR P TR R BRI, SR A )0 4R
A g it iz 8 A JE R 2 3K i | (Gleixner et al.,
2016) ; Zhou et al. (2008) I 57 % B A it £ Rl 2
P i TCA G PAH STl ] 1) ik i 1 25 T
FEHRGUAR BP0 2 i SR 42 Y Hisp70 . Hsp22
F1 Hsp23 1] g & ¥4 25 ™ 2 1E F (Boardman et al.,
2018) ; Zhang et al.(2017 ) X4 8, T~ 75 9 =5 JE A4 T U8
5 B L Gynaephora menyuanensis A1 B TG 1
P i T SR PR B B G, alpherakii W sk 21 3
17 T Hedss, R BLIE PR IE DN I 2 4 31 5 (IR OC
(4 Wi L 3 ) 7 0 85 2 #0821 (mammalian target of
rapamycin, mTOR ) 55 I E AR B )
ALFG LR AN TR B I 3 (mitochondrial-processing
peptidase subunit beta, MPPB) FlIH |, 2 ¥ 5 IR 2
H0 A 15 AH 5% 25 H (regulatory associated protein
of mTOR,RAPTOR )45, H4K FIRMFFEBAf 1 —L8
HE PRI B A 1 ARG AU 2ok 7 b R 4 AR
{3 S 5 PR ) ELAAR Ty g A O IR U3 1) 43
BLH AN 2

W5 A B AN T e i e 35 DA S S B R R R
NI PRI 2 R4S 50T A 220 A R DR 2L s
R, BT R IR RNA KA R 3Rk 5532 T IR
B T R AU L &L S AR
FAIHTLEE L K3 10 45 P A A5 s A A A BT R ()
51 (Etebari et al.,2011) . JT4F A — 2o~z H 21
SFHRWEGE T AR KIS Locusta migratoria manilen-
sis(Zhao et al.,2013) . IRFULF Y% Tribolium castaneum
(Kharel et al., 2019) JAHL W Lasioderma serricorne
(Imai & Fukazawa, 2012) Fl 4% 5.2 Callosobruchus
chinensis (Cui et al., 2017 ) 5 F& HUA AR S W LT
{8 32 B RO T R RIRR S0 A DG
MRS N PRSP

SRARGE T W K AR 4 2 1A AR 1Y) 43 AL
il A ST 23 B0 B A KA 4 A TR AL (21 % Sk
JE) R R AR (149% S0k B ) N E J3E i 4 (7% 2Rk
JEE) RbF, SR T e 38 £ P ARSI AR T R
AT SR DT S 4 A DiRe B 52k (Rt
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356 5 43 B , >R FH 5292 58 it PCR (quantitative
real-time PCR, qPCR) £ A X 4% S 41 ) J> 45 b A 7
B, DA Ry A1) ARG 42U B 30 AL ) B 45 5 4 R A 4 it
A

1 MR 57R*

1.1 ##

MR HL . 2021 4F 9 H b B[ dE A sk K i
I B RHERE £ (115°44'52" E,40°40'38" N ) K AEHF
AEMRE BRI E, 8 TR
60 cm ., 5 40 cm 55 40 cm (ILERE N , B WK HE
4 SR JE R 21% 0 IS TT LR T, B T A SR 1A
FARZM ATEIEE E R A 22 A,

IR T AL %% : MolPure®Cell/Tissue Total RNA i,
A&, A YR () By A BR2A F 5 HiSeript
Q RT SuperMix for qPCR i{ 5| & . ChamQ SYBR
Color qPCR Master Mix il & , B3 50 MERE A= P B}
Fe B A PR 2 7 5 At 3K 500 35 o [ 7= o5 A 4l
Smartor 118 )=\ =S IEF-48 , TR T 018 fig
BHE AT BR 2 7] s MDF-US3V BAR IR vKAS , H A =3
HL LR 2 241 s Nanodrop 8000 i Sl 5 /b O
I, L EFEBR R B R 5 7Y 04S-3C HE i 15
IS, AE R B AR 5 LK IR A5 A B2 7] s Novaseq 6000
P4, 5% [ Nlumina 23 7] ; LineGene 9600 Plus #%¢
5 B PCRAY, HU 8 H R e A PR F
1.2 Fik
1.2.1  FH R KA M8 4 22 B RNAFEI

Sh AR IX R, P Gk 3 650 m)&
53 R IR IX ) 70% 2247, P AR 36 14 8 7%
SR RE (HE R AR L 14% AR (PR BV DL R
21% EHE CHy 48, X IR) 3 AL BR, BV s 2l i AU
B = AR IR AR A o R AR 40
7% 14% F121%. 4810 T R4 2840 duis H
A3 E TR AR B I = SRR IR A TP AL E 4 b, B
AL 3 YK, O JE ol R A R i
B2 -80 CHBARIR VKA T IRAF

T AR B A I3 A RE i, BRI 3 Sk
i B8 MolPure®Cell/Tissue Total RNA i 7 & 1 1
P R4 40 U RNA, L0
T 5E B RNA AR BE 4G, F 19 B IR BRI L
VKRG 55 RNA 1585 1k
1.2.2 MRAME T HHRFHFTANFHEE

24 5 RNA ¥ B >50 ng/uL. W6 ¥ HAE OD,, ./
OD,,,. I T 1.8~2.2 Z [ it FF R £ 4 . 2T HiSeq

R A RIS T R A I 2 sk
B, 1O LA I P 5 144 7 4% 5 A Trinity XF
Jii4% reads HEATALRE , AR GC LU F T 91 58 R P
XA AT IRA AL . BT 53 BT .cDNA SCE
(RRE R P 254G 5+ AR s 25 R AT BR 2 )
FE Mo
123 KEME T AHRFHFAHREFS £
W DR AR B0 BT A R T 815 COG.
KEGG GO Nr, Swiss-Prot 1 Pfam 7~ K &4 FE 51 T
Lt X, K45 unigenes [ ) g 13 B A5 B (4R IRAL 45
2021), i BLASTx X 4K HUTE Nr Fll Swiss-Prot
Bt e v A TR PR R (B iS5, 2021) o FI ] Pfam
BRI X 2 2 1) e SR AN R A T B 1 SR R (kalle
145 ,2022) . FIFH GO Hil COG %t & 1k 41 Xy g 43
2, I KEGG i P K 56 1 2 B2 5 1 path-
way il A T DR T 4028 (R 55 5248, 2021 ) .
1.2.4 ARG T A4 RF 27 AW F L5 547
el I RSEM 1A Xt 356 PRI 2 %) B xof 485 R i g S
AT FIEE T AT AR BN AT R e S AR 1Y)
read counts , X AT A TS B0k Y A S 1 g
B 52 HUAY fragments (fragments per kilobase of exon
model per million mapped fragments, FPKM ) &%, % T
AT 19 5 S B A B ST 32 BUAY transcripts (tran-
scripts per kilobase of exon model per million mapped
reads, TPM) # 4, i — D RAG PR ifE A Ay R BRI e A K
F-(Gao et al., 2021) . ik i 2% 22 7 R IA Y H AR
KL, {1 DESeq2 % HIBRIN R (P<0.05 H3%
ik 5458 (fold change , FC ) >2) X 4 IMEARFE A 1)
counts % H #EATHRHELALPE . R FH Fisher A5 45 50
7 1 FH Goatools X 14 (https://github. com/tanghai-
bao/goatools ) Xf 2= 5 FKIE B #4T GO & 4L 74T, M
Hhk  P<0.01 4% H #218 term — RIS T GO 49
2, [RIHRE 22 5 3R BE IR LU 2 KEGG i, 4 P<
0.05 B, 12435 i A DR 4 b I 2 5 4 (X 28 e
45 .2021) .
1.2.5 ARAME T H4H R4+ £ 57 A Ha9qPCRIGIE
R T IR T R A G U SR LR R 4 R T
A] e -5 o AW A8 A 5G9 1l #5 28 11 (hemocyanin,
Hc) #H7 H fi BK (prothoracicostatic peptide, PTSP) |
KW Z 1K 59a(odorant receptor 59a, OR59a) | W5 il
A, (phospholipase A, PLA,) 4] H1 3 J7 8 1 22 (lar-
val cuticle protein 22, LCP22) #Y 4 i 4L K #£ 4T qPCR
Gr0T, LA B-actin VE NS HE N GRS, 2022) o A
JH Primer Premier 5.0 Z F i 4e w51 W1 (R 1),
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S\ EFCAETAY TR R A RA[E
Bo AN]SR FE AL BT 54 K A 401 B RNA 45 B
1 pg, #% H HiScript Q RT SuperMix for qPCR i 7] &

10 uL, | FH#E51 4% 0.4 pL. cDNA ##z 2 uL .
ddH,0 7.2 uL. JZRWFEF:95 CHIAE S min; 95 °C
30 5,56 CIR Kk 30 s,72 CHEAHI40 s, TEFR 407K

vl WY A5 S 5% S G cDNA, B H AR R B4R, #i B BMRRA RS 3R SR 27 AT A TR A
ChamQ SYBR Color qPCR Master Mix ik & Uil Fikim, LI AL H AT IE
F #E 4T qPCR 43 HT . 20 pL 2 )i 4 £ : SYBR Mix

F1 BURFHREFREEERNLHEHEEPCRS|Y

Table 1 Primers used for quantitative real-time PCR of differentially expressed genes in Saperda populnea larvae

LK Gene 514154 Primer sequence

p-actin F:5'-TCGGTATGGGACAAAAGGAC-3' R:5'-CGACACGGAGTTCATTGTAG-3’
Hce F:5-TCAGTCTCCAGCATATCCAG-3' R:5'-AGGGCTATCGACTGATTGAG-3'
LCP22 F:5-AGAGGAATTGAAAGGAATGC-3' R:5-ATTGGTTGGTAACCGTTCTC-3'

OR59a F:5-TATGGCGGCTATGTGTTTTC-3' R:5-GCAAAATTTCCAGCAGTCAG-3'
PLA, F:5-TCAGGATGAATACGTACAGG-3' R:5-GGTCTACTATTAGGTTGGCG-3'

PTSP F:5-ATCCGGGGATGAAAATCTAC-3' R:5-GTCATCAGACGGAGCGAATC-3'

2 RS reads PE A%, 155 68 673 FRA% A N5042 026 b,

Hrp K AT 200~500 bp Z [0] (55 AR e 2,
ﬁsz T12 5%, (R SR AR B 48% o AE 5% S AL
Léﬁ%ﬁ%iu 47 173 %% unigenes, -] J& 24 948 bp,
N50 247 1 898 bp, Ho 17 514 B AT 200~500 bp 2

21 REMETEGRFERENFEHELER
A e X o AL e R e S 2 R R B SR A B
A5y BT 5 65.98 Gb T HiHE , 9 N i (14 5T
PR35 5] 6.00 Gb L F, Q30 ¥ KT 93.97%  [A]f# unigenes £ i £, 1125 891 %,
(2), RO BT m o A Trinity X @5 Bt 20AY 55%.
R2 AEERELETEGRFHRMNFLER
Table 2 Sequencing results for Saperda populnea larvae under different oxygen concentration treatments

PP R A IR Y

i unigenes /&

. P28 ) S BuR/iy = R PR GCH4 L
b 0 Jex e eiiow JErEs
AL P g WA WP EcE TALEL Error rate of  Q30/% GC
Treatment Sample Raw reads Raw Clean reads Clean sequencing/% content/%
W bases/Gb bases/Gb quencing/7o ¢
HR N21 1 53407068 8.06 51516 848 7.33 0.0251 94.09 45.26
Normoxic N21 2 58365608 8.8l 56 798 882 8.24 0.0249 94.26 45.03
environment (CK)
N21 3 54881564 8.29 53 494 528 7.75 0.0249 94.32 45.44
FRIEBAE (14% E M) HI14 1 51952362 7.84 49921 088 7.24 0.0250 94.16 45.36
Moderate hypoxia H14 2 50103888  7.57 48 296 920 7.02 0.0249 94.27 45.57
(14% O, concentration) -
H14 3 53327250 8.05 51403 942 7.42 0.0249 94.29 4524
WA (T%EE)  H7 1 52484022 7.93 50 428 468 7.23 0.0248 94.39 45.00
Severe hypoxia H7 2 54975040  8.30 53179 082 774 0.0252 93.97 44.99
(7% O, concentration)
H7 3 42870234 6.47 41 165 740 6.00 0.0251 94.14 45.10

Q30: P i 7E 99.9% Lk L 08 5 RS FE 1 A 40 e Q30: The percentage of bases with sequencing quality above 99.9%

in total bases.

22 REMETEGXRFHFRAERBE
TEARIG T B K44 4147 173 %‘umgenes ,
REAE I T T AN~ A DI RE TR 7 41 A7 20 883 7%,
5 T unigenes 741 1Y 44.27% , Forp 43531145 20 295,

16 070,13 623,12 779,10 569 119 144 Z5 unigenes /7
H g 5 Nr.COG . GO ., Pfam , Swiss-Prot 1 KEGG %%
P - 1Y unigenes J7 81 LU 1o 5 N &g )7
G X5 R R |, 5 4% K 4 unigenes J7 41 556 B2
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K4F Anoplophora glabripennis unigenes J¥ 1] ) AH L)
PEIRF] 54.62%, 1M 25.42% 1) unigenes 731 5 0408 e
F AR LT JCAR I . Swiss-Prot B4 2 HL XS
B /RA 6 112 2k unigenes [7 51 (15 11 57.83%) 5 22 1
JF A 2 e FRARARA T o
23 REMETEBRFERAEERGESSE

GO ¥l FE L R Dh g oy R R B, BERE
4y B 55 2 unigenes (155 R D BB 2L 430 4 F g
YR L Ay AV W B = R S4TRE SR H . A
Ve BV R DIRe A B A 2340, S 541 R
AR 2 1Y unigenes £ i 22, HUGE AR5
YL 530 S D BEAS HA 154, S 5 4 4 A0
JEEHR 431 unigenes £t i 2 , HOUOR MRS . 01
Iaed L IEesk HA 1614, 2 5456 ) unigenes
o2, HOR LT MR s 15 1k

KEGG 4l FEAC 8 B o A 45 R o, R
24y Bk S 2 unigenes T AT 9 144 S BER T 35
A7 BAL R A A FREE (S BAN . Ak
RGN FE 6 251 44 AR E b, R EART
G5 T B B B A2 A A AR
W NI R G IR A SRR . T 44 5508
B A5 A PR R A e, 1R 1 048 2%,
24 REMBETEBRFERKIEZER

HEAWE T HEHRFG R, 14% 2K E
SIS HAG RS 2 25 R A 314, -
W14 LN B3R, 17 A FE R 5 7% S FEAR PR
HRA 4 22 BRI R 15254, Hirp
469 B AL 1 056 AR T, 5 7% EkE
AN E R AL AR, 14% AR EEA B 54
K4y d I 25 22 S IR i BE A 283 4, Horbr 163 4>
LA B, 12038 R
25 REMETERREERMIBEESES T

GO TJRE & LA Mras R R, 1 681 522 53Rk
SRR R T 285N ThfiESR H R o P<0.01 #9354
B GO RE R BN T FUiaeh, 27 3RE
FE P AR BN i 15 1 AN B J e i B i PR X 2 4>
Z AT TEANRL Sy, 25 S 3RA B DAt 4 B 4t i
[T A7 2 53 F A RS2 BGER 43iX 2 4% H b ki
Z YR 3390 s e AR Y R rh U R S R
FEIRHE I B 2 B AR 45 LU 2 i T 248
Horiad) Mg B AL AR SR E (E D,
2 R E 0 X 5 4 K20 B9 5 e is B 0 1 L2
JH B 20 MU 2H 5392 3 TR 1B Bl AR IR R

TEH X R 5 7% Ok BE AL PR ) 22 S %08

FEA Y, 2547 339,991 1179 1> unigenes FEFEEI A
Yrfat B AL Fn o FOiRE , HARX 3 Kb
IR E RS B2 R RRIE NN E £
PHAL, BIFE A Rt b, 2 5 A0 sk I 40 g 5y
12 B AU 2 sh i 22 S FR RN B 2 5 T A 4l
Gy, 255 0 I R 2 S o AR A0 L [ A 0 G ) 22
SFRIRIEN B R L, YN 3124 754> T ohBE T, 22
SRR I R 4R B s 1 T AN B B e e B e
X 2N TIRE R H 25 5 R 3 B 51 90 4~
89>, AT MR TN 14% S He i Ab FH 20 Y 22 S5 3%
TR IR I 149 480 B b BT R 79% 480 B A BT 1Y
P csne s NIRTE A€ S

2.6 REMETESRIEIERNRGEBEREEST

T B ST HEAS 1T 20 pysm B b, AR B A
O T A PR AT R 481 A 3 A, AR MR
(cyclic adenosine monophosphate , cAMP ) {5 51 i |
I AR TR AR s R R 2R 4 il
R SRR 22 F RSB £ | 3 B0 [ 0] Rk
Z 5T HHRA AL EGT R A Re A AR

5 IS B A R (K 2) .

149 48 e BE b FHZH TN 7% 48,7k BE b 3L 1) 22 57
FEIRFL DR R T AR W AR A I BT A
Z I RE 2 M B R I A PR R M R
S G ) R G0 AR W R AL
7% SR AL PR 1) 2 S ek B R E R AR AR
T2 A KEGG i i & w4 AMNAf 6 2273k
5 FE PR 4055 5 [ F--1 (hypoxia inducible factor-
1, HIF-1) {5 53 5 4 o % 00 IRZE A 149 40k
JEE AR SHZ 1) 2 S AR FE R R UL o 3 A . SRR
Foipes 7 85 AN [R) AT B ST 10 A 2 B g AR i i 44
WA
27 REMETEMXRGFERKEEENRIE

qPCR KN 25 R 7 | 14% Fk FEAL RIS F A K
AN PLA, AN LCP22 JE DA XS 2Rkt A0 BE 1]
He (PTSP 1 OR59a FEPARXTF I8 f B0 TR I 5 7%
AU AN E F R AR He (PLA, FI LCP22 5: [
AR 2k A0 IR -, PTSP 1 OR59a KR AH N 2%
IRIEBO IR A, 31X 5 25 S5 RB B K 1 qPCR AN
45 JL SR S 25 R 3 1 KA A B I AR A
] (P 3) , Uhd G Sr 2H 0 2500 T 4

3 iTig

A SRR, 5 AR 2 e A R ok
i A2 %P B 38 T I /4 E 2 (Zhou & Haddad,
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2013), AnTAIm I EURE B, AR AU s 23 i W T
55 TCAE I, A A AEU T T B OO L T
2073 Tl R R -3 - i 1 M0t Sl R R 3Rk R (A,
2019) . ARSI BN, FEEERE T HEW RS
HRN K& SR CE N R B 58 ERET
O6f B8O A 22 57, 40075 4% K 4 4 s I B AR 1
ARG B RN 58 T 48U QI —— b e i 6 ofe - e
IRAEAR MG T Y BE TR 5IHFE. (REIR S 23
A=A LR S B, B I R AR LR O TR 1)
J1(HZH§5,2010) o ABFFEH KEGG FRISHE &
SRR R TR EHE T F B R4y 2422
FFRINFER 5 R C  RTEI RS T HH R
A=) B e JONE AT RESZ BN . A IR AR 25
MRS Rz SRS . anT5 3695 (2020) B
R IAE 10% AWk BN 6 B K4+ Anoplophora
glabripennis @A TR AR |1 2% S84 FE WM 20 min
JaotE B Rzl . AMENS GO e s

3 HT i B A1 M SO 4 20 o 3l s s B AR

iz 8 25 Z A AR RIZ 310 GO term, Ui G 420HR
A AREXT MR A4 A 3 A 7

RAEIFFE R, FEBREUE DL N ML 2 (45 LY
FEL R AR 14 5 25 38 18 (voltage dependent calcium
channel, VDCC) i} £ FF i, K i Ca® ' #F A4 M3
EAWEE RS, J0m 5 s 200047 , T3 204n i
JA1-(Tang et al.,2017;Shen et al.,2018), cAMP/PKA
S — PR A0 M A P T S A PR R R G, 10
Xt VDCC A #4775 £ , PKA A LU #F VDCC s iz
b, i L % VDCC H1 () Cavi.3 2 H I 4 (Lapied et
al.,2017) ; LA 44 22 56 L A VDCC # PKA 3875
J&i , VDCC REXT M AN 25 PN Uit Ak 28 0 M ik A ]
P A — 58 S Wi (Louiset et al., 2017) . 75 #F 5% 1
KEGG fCif % w4 25 R s, B 2] cAMP {5
i [ 1Y unigenes £ 5 2, SR 1 I 1K 420 6 B
¥ R A= 4l B cAMP {5 5 38 fif v] B 38 o [ JE LAY
VDCC 4 Cavl.3 27 VDCC 36 e , 1t %5 4%
KAy = 2 VR

5 538 5 3% M Transmembrane transporter activity [me—

F MNP ERIZ UKL Blntraciliary transport particle B |
LR PN B FE AL F TIM23 R A4 TIM23 mitochondrial import inner membrane translocase complex |

BEIEE M Transporter activity [se—

i DR/ Suy
23 11 B B A4 Axonemal dynein complex Biological process
FH.0MAE Centrosome W S
HHEA E_?ﬁi Dynein. CO“?PIGX Cellular component
BEN4FE Motile cilium m SFIhEE

P SRR E A 4K Microtubule associated complex

#B4>T AW Supramolecular polymer
4> F 45 4E Supramolecular fiber

& 4121 HR .0 Microtubule organizing center
Y E 2R 45 4E Polymeric cytoskeletal fiber

JF IR 25 & 40 B 38 Plasma membrane bounded cell projection

2 M fEL [ A 2H 4 Intrinsic component of membrane |2

4 JELAH 538 3 Integral component of membrane |f
T Yu R % 4E Sperm chromatin condensation |

7)) 1R A E AW 3 Axonemal dynein complex assembly
it 4 B FRIME B Response to bacterium

B 2405 ) . Defense response to bacterium

A BB 4 2% Cell projection assembly
RIES AR BSE A% Plasma membrane bounded cell projection assembly

R4S A 40 BB 21 41 Plasma membrane bounded cell projection organization

4 3% 4H 35 Organelle assembly
ZH AN B3R Cell projection organization
& 1iZ 3l Microtubule-based movement

Molecular function
20 A B 48 Cytoskeleton warid

% Microtubule

#F3 Cilium

21 HIREFY Cell projection

#FF323) Cilium movement

A-F 402 Cilium assembly

H-EH R Cilium organization

21 Ha B V. 41 B 41 4312 3l Movement of cell or subcellular component ;

& #FE Microtubule-based process
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Fig. 1 GO functional enrichment classification of differentially expressed genes of Saperda populnea under hypoxic stress
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