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Transcriptome analysis of responses of Sitobion miscanthi to low

temperature stresses
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Abstract: In order to reveal the adaptation mechanisms of Sitobion miscanthi to low temperature,
transcriptome sequencing of S. miscanthi was performed, exposure to low temperature (-7°C) and
normal temperature (22°C) for three hours with high throughput sequencing technology, and key
unigenes of differential expression were screened. The gene function annotation and related
metabolic pathway enrichment analysis were carried out. Meanwhile, six genes related to chill
resistance of S. miscanthi were selected for real-time quantification PCR (qRT-PCR) to verify the
results from transcriptome sequencing. Total 28 333 unigenes were sequenced and assembled, 8
842 unigenes were annotated in GO. Compared with the control, 936 unigenes were differentially
expressed (508 up-regulated and 428 down-regulated). The differentially expressed genes were
mainly involved in carbon metabolism and biosynthesis of amino acids, and valine, leucine and
isoleucine degradation pathway, among which trehalose genes and heatshock protein genes and
sex determination protein genes were up-regulated with myrosinase genes were down-regulated.
The qRT-PCR results of six differentially expressed genes randomly screened were consistent with
the transcriptome sequencing results. It was indicated that the transcriptome analysis results were
reliable. In summary, this study systematically analyzed the related genes of S. miscanthi
confronted by the low temperature, which may provide scientific basis for exploring the cold
tolerane mechanism.
Key words: Sitobion miscanthi; low temperature stress; myrosinase; trehalose; heat shock protein
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SRS, aniE IR B BRI AN TSRS N F PR R YT (Behroozi et al.,
2012; Bemani et al., 2012; Nieminen et al., 2013; T H, 2021) , NMREH S HPLE
Ae )1 (RRBHZS ANXié, 2014; Sunetal., 2014; Lencioniefal., 2015; SRS, 2016) ;
KT b, REAELE R AR 1) 2% R Re 5 Bh OO0 Bu A B FE AR AL, in#visEE B, Pk
. KiBEEE A% (Sejerkilde er al., 2003; Philip eral., 2008; Higgins et al., 2015) . Sun
& (2014) RIMCIRIA G THA 3 M B £ KIS Sesamia inferens A N2 EiZKIE; Qin
& (2018) WARIFALCE] S Frankliniella occidentalis Wi MAEARIE A T, FAR P s AL
RIF Fofee7 W3 FfERIE . W50 R HOCHIRIRRLZE 1) 20 F- WL, R T L b 38 g 1 0 P4 455 A
AEE, A=A 2 e PRUSIE B SRR B R s R TR R R TR AEA DG TFBL, SRPH B BRI
N HEIR Y BRI A2, R ARSI AR, BRAR T AR IR T TG RE /o, 1A &
PIRCR CRREsE, 2016) .

KLY W UF Sitobion miscanthi V£ N3 IE 22 X B A HE CETEL S, 2006 D {E 5%, 2008;
Jiang et al., 2019) , LRI G E /N ZE W™, AL TR B 51 /N 22 T B A1,
FEE R T RE XN RS R RIS, 2012; EEHFEE, 2021 o REAM
WF (VN SR 5 R A X R A B DIAH G, RAEVFRIAFISZE (20200 « B3 A% (2021) fRiE T
LI LE BV T R 2 b DX AR P P AR A, AR T A DG R B A I I E iR ol A A DG A s AL K
S oI R FEAE A I AR WARTE « AN 90R H el & 3 s NP HoR, XPHR (22°C, 3 h,
SR AHACAE CK) AMRIEM A (-7°C, 3 h, ACFRACHE T) J5 HOFREA WA 3E 47 55 s 4L I
YT, DAHIE— 20 1 Ak B A I B T R el SEATL 1), D9 8 B AR ) AR 24 4 L B8 B (52
AR, 2016) .
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1.2 753
1.2.1 Ak

MR E5E S (2021) S5, ARFFUERE 3 Bk EA W 7E-7°CHEAT 3 h ARIEMEE N
AEFEZL (T) , 22°C FACHE 3 h /E AR (CKD o EEUICR IR G A JF 3 5445 BT 3%
B, [ 30 Sk, A E IS O, 345 6 s o BIEL 3 B IR WF 3 W44 T 22°C,
S1PCHE AR 3 h, ARE N EGHE R, N-80°CEERIR VKA A7 H -

1.2.2  J RNA [$EH, SR Ay

B AT W I AR Z2 6 b 5 v R SRR I A0 A IR A B SE e WO B 1 R A
trizol ( Ambion/Invitrogen, USA) #ZHUAFE S RNA, it Agilent 2100 bioanalyzer ## i 16
RNA e840 B AR S RNA MECE, BMERRE3ANES, BPNEE 30 ki
2, HEHE 6 > cDNA . Mi/7F &/ llumina NovaSeq 6000 (illumina, USA) ; X
TESHRERAN KA, N7 R GEEHE (Raw reads) #EATIIE, W7 4%
i, GC FEMMNE, REELIH M clean reads, #8J5KH Trinity (v2.4.0) $f
B S A (Grabherr et al., 2011) , T3 Corset (version 4.6) FE/F N6 AR 34T B IR E
K, ERIIRFESRA)G, EREEFINSE, kG EEF hm K554 (Unigene) i
1T I SR ThREIERE R AT
1.2.3  FEDRThREHRE A 22 7 BE K 43 it
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i H BLAST % {F 4% 0l /5 Af 43 (19 unigene /3 %] 5 Nr ( NCBI non-redundant protein
sequences) + NT (NCBI nucleotide sequences) . Pfam (protein family) . KOG (euKaryotic
ortholog groups) LK GO (geneontology) F£ 5 /NMEdis 2 HE 47 LE X HAF BT BB RS o X
JR 451 read count BEATFR#EAL (normalization) , 18I 4 i1 AR R FEATEORAS I ALK (P-value)
MITHERD, SRVPALBEANRE i () BE PR IR TK T o FRFLA X if A 53 28 of HE 2H 5 Ab B AEL R it Fh Rk i

S B P LA H P A padj<0.05 B2 BRI R N 22 kR o HE— D4R 7R IR AR X I
LR IR B8 R 2 T HLE, %22 R BRI AT T GO M KEGG & %01, AT T/EH GO &
K H topGO (2.10.0) #fF, KEGG &4 KH KOBAS (v2.0.12) #ft.

1.2.4 R IE J5 3K B2 X0 4 5 2H I 28 0 B i

I 3R R B AL PRI 6 S22 R IEFER, DL 18sRNA SN A 2 5 DR gk A7 Wl 5 45 R )
RT-qPCR $6iE (Yang et al., 2014) o {# f] Primer5.0 %%t % 22 SRR HEHAT 51 3 (£ 1),
SIMTHAETAM TR (R BBARAFEHIIY. PCR KNAKRN: Z&1EK 6.4 uL,
TOYOBO SYBR®Green Real-time PCR Master Mix (QPC-201) 10 uL, 35141 (10 uM)
0.8 uL, NUHESIH (10 uMD 0.8 uL, FEMVER 2 pL, SARRIL 20 pL, BAFES 3 MEHE.
qPCR N FEFF: 94°C60s, 94°C15s, 57°Cl5s, 40 Mk,

x1 SMER

Table 1 Primer information

LSV 1A (5'—3") 2Nk o
unigenes 1D Primer sequences Gene description
F: TGTCTTTCTGGCCCAGATTGG Ji & 2 o i iy

Cluster-35.0

Cluster-6295.17595

Cluster-6295.16402

Cluster-1107.0

Cluster-6295.16242

Cluster-6295.16222

18S rRNA

R: CAACCGAGCTCAAATCGAAGT

F: TCCGTAACCATACCCTCCGT
R: CGGTGGATTCTACGACGAGG
F: TGTAAAGCTGTTTGGCCCGT
R: GGCTTCGGATCGTGGAGATT

F: TCTTGCGCTTCTTGGCCATA
R: ACCAGCAGCGTCTGATCTTC

F: CATGAGCGCGAAAAGACCAG
R: AACGGTTTTCGGTGGTCTCA

F: CATCCCTTGTCCGCTTCTGT
R: ACCGCACCATATTGGATGCA

F: CCGCGAAACCGTCATTAAATC
R: GGAACTCTGTCGGCATGTATTA

Insulin-degrading enzyme

B GG A 255 S EE S

Acyl-CoA-binding domain
RiZ#&

Polyubiquitin

ATP &5k

ATP synthase subunit

3,4- I T

3,4-dihydroxy-2-butanone kinase

NS Ik

Housekeeping gene
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2.1 FREAMEFEREHNFSHERE
X B ELAT R -7°C AN 22°C i FE AL HE R RS & 45 1 RNA FE 3t AT SCEMEE, 48 Tllumina

NovaSeq 6000 - 5 /&

HEMFE, K52 17.5 G JREEHE, X clean reads HEATHFHE J5 L3R

3 28 333 4 unigene, EKE N 41261 053 bp, “FIJKE 1456 bp, NS0 KFEH 2 699 bp.
22 RERWEFEREMEERINGEER

it 5 Nrv NT. Pfam. KOG LA f GOS5 REHE FE k4T ELXT, 4 15 591 4> unigenes K13
T ERDKRE AR FER D REE R . 5 Nr Z0E PRI Lo 5 R 7R, IRELA F % s 4
57.2% unigenes [R5 B K H £ K8 Rhopalosiphum maidis, IR NG HF Acyrthosiphon



pisum (11.1%) « BkUF Myzus persicae (7.8%) « 3R Melanaphis sacchari (7.0%) «
WF Aphis gossypii (5.1%) “EILZWIF.
23 FREAMEERERES

5 KOG $#s AT et R B, 3431 unigenes B 7 RNA N L 5&MM6. iRz, F5
25N EAEHE, RIS IS W O AR AnE B . Horh— AT RE T
W\ 555 FHLHI A unigenes %, 7318 891 4~. 719 4>, 437 5 unigenes B E1T 14.91%
1 12.03%, FHSEMEEEM. EARKIE. T8, B RES ey &,
HEZAR U, #45%1¢) unigenes ENFEE (B D .

A4 Cytoskeleton
145K Nuclear structure
Jfash4EH: Extracellular structures
B L Defense mechanisms
AU ANIZH, SMWABEEEE  Intracellular trafficking, secretion, and vesicular transport
{3555 $HLH Signal transduction mechanisms
FH1ZIfE Function unknown
—MEINAETIN General function prediction only
PRI EY &, BERERE Secondary ites bi is, transport and i
FHLE THEFARE Inorganic ion transport and metabolism
W, EO#E, TS Posttranslational modification, protein turnover, chaperones
HALZEH) Cell motility
Al LB/ AL 45 B Cell wall/membrane/envelope biogenesis
424, SRS Replication, recombination and repair
#3% Transcription
BE, HERLERI Y04 A Translation, ribosomal structure and biogenesis
JEZEIZ AR Lipid transport and metabolism
R AZ R Coenzyme transport and metabolism
WESHLIZ AR Carbohydrate transport and metabolism
RIS Nucleotide transport and metabolism
FIERELIZ R Amino acid transport and metabolism
AR, A ARk S X Cell eycle control, cell division, chromosome partitioning
g A2 G Energy production and conversion
et RS HIRF) /1% Chromatin structure and dynamics
RNA I L5446 RNAprocessing and modification
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Fig. 1 KOG functional classification of unigenes of Sitobion miscanthi
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A A D AR AL 7y ri R B B — 2ok H D, 36 6 4, 4R SE A HY unigenes
Mz, HUONNEN unigenes B, 707109 4 905 N1 2 788 A~ 73T IhRERA LAGRE T
AEHY unigenes B E %, HIUCONMEALIE TR unigenes £0&E, 4358 5 601 A1 4227 4~ (K
2) o



® 371t Molecular Function m41iffi415) Cellular Component /L FE Biological Process

B AEHE Cargo receptor activity

S FEIATEYE Molecular carrier activity

Ny F AR I3 E Small molecule sensor activity
FUEMLIETE Antioxidant activity

YA4I#H G Translation regulator activity
I3 FAEIEERETE Molecular transducer activity
S F g Molecular function regulator
WL ATEYE  Transcription regulator activity
LK) 5rFiEYE Structural molecule activity
HHZEME Transporter activity
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FHPRLT Virion
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23} Locomotion

HE PR Biological adhesion

AESTIEFE Reproductive process

S B Tmmune system process

Reproduction

AEWILRRIEE Positive regulation of biological process
%41 % Multi - organism process

At PG4 Negative regulation of biological process
KB Developmental process

ZYNMAEYIERE Multicellular organismal process
FATAE  Interspecies interaction between organisms
%% Signaling

FIWFR. Response to stimulus

SENL Localization

AL RIS Regulation of biological process
HEWT% Biological regulation

AR FE Metabolic process
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Fig.2 GO classfication of unigenes of Sitobion miscanthi
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Fig. 3 KEGG classfication of unigenes of Sitobion miscanthi
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HAWEPER) DEGs 5 H &% N 56 A, S 5EBIZMNIRZN 33 4, 255808 JF G LK
DEGs ¥ H #7004 28 4 i 4fs Padj Z80HEFF AUHT 20 73k 43 R (G Bl 18 22 7 R IK B T 14
EERGRTA, BEERRIESER A TAREAN, 5K EMREEERE. ERNA
R, I IRERETE (- 4) .

P55 12 1 1 5 7 Transmembrane transporter activity - FEH ) # Count
P . . . o % i1z i Transmembrane transport - o 2
Jot 4 k75 B 54 B i 1 Transferase activity, transferring alkyl or aryl (other than methyl) groups
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Fig. 4 GO functional classification of differentially expressed uigenes of Sitobion miscanthi
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3907 AN, Horh 22 5 RIAFER A 223 % KEGG DRk & 4 K DUl 3Rz g~ i
RIBFEH (1354 W R BIBRACH M Z LR A & 8 SR 2R 2R P P
MR A . RITER AR RS B AR A A RE O AR IE RS (B 5) o L RIT TG
(Myrosinase, Myr) J:RFRIAEEE N, &N (Trehalose) « #MEH (HSP) . 1%
P F R RIS R R
. [ & P HdE Count
4 4 ZH AL I Vitamin digestion and absorption - ® 5
AR SRR L AR )& IR Valine, leucine and isoleucine biosynthesis -
UREATR . SRR R 5E 2 R PR #F Valine, leucine and isoleucine degradation [ ] ® v
VEKD 5 FERE Q15 Starch and sucrose metabolism - . s

1125 5 iR 5 414 Sphingolipid metabolism [
VIR #: A ¥ Pyruvate metabolism -
N T2 B Propanoate metabolism ‘ 20
TR 1Y 4 T2 Pentose phosphate pathway =
JCHE . ] BE I 1% 4 4% Pentose and glucuronate interconversions - . 25
I B {4 Lysosome & -
Ji#i & 745 510 4 Insulin signaling pathway
FEWIIE £ A -1 2215 31 Glycosphingolipid biosynthesis - ganglio series Padj
¥ B AR/ 57 A= Glycolysis / Gluconeogenesis 1.00
13 H AR Glutathione metabolism
i 15 BRAX i Fatty acid metabolism 0.75
AR W5 R A= P45 Sl Fatty acid biosynthesis - @
T AN R & B2 Cysteine and methionine metabolism - 0.50
i % N ZK A K Carotenoid biosynthesis -
T34 Carbon metabolism - L 0.25
TR 14915 [l Biosynthesis of amino acids & =
0.00
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5 FREAMUF KEGG AR #him s & 404
Fig. 5 KEGG pathway enrichment of the differently expressed genes of Sitobion miscanthi
2.5 ERFTIKEEM qRT-PCR 3iE
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A—F, RN PR B EEE v 5 RIEPNA)E, AKEEEYE. A SRR~ 4 4K
(12 Cunigenes ID 43524 Cluster-35.0+ Cluster-6295.17595. Cluster-6295.16402) RiA I
W SPEREAR. BB EMKRERN T (Cluster-1107.01 Cluster-6295.16242
Cluster-6295.16222) (& 6) .
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Fig. 6 Real-time quantitative verification of DEGs of Sitobion miscanthi

3 swsitie

FRELLS R I 5 s AL HH545 31 28 333 4™ unigenes, A 8 843 /> unigenes 7E GO i i h
VERE, A unigenes B L1 31.21%, o 116 /> unigenes 5 T2 5 ki (O AH 55 R P
H L RN s A N T Mo Te 2 e s 5 i, TRIMAE GO £dis B Hh Be 8 1l i Bhid R 21
FRFE RIS R 2D, SRR IR 1R 2 S 2L 2 0T 9T H R T AT IR R B B, ORI Rl D e 3
PED, WIEHATH S M0, BRI ZAEIG N 7 IR MEE o B R B — 0 58
HRTRE BN HAREED, gk A3 W () 7 v Ak B 22 B0 At

AL 20 unigenes &3t GO HdE R G, HA e At B> T Dhae R nlh i 2 1)
unigenes SRIEIHE T PO AL & 3 S 4L 45 R ARL, AREE R AEAQU T A . i S DT T,
155 P 468 5 14l B 2L A BOR IR R GRFEZESE, 2021) o ZIRASE (2021) KIAL
/B0 B Grapholita molesta unigene J741 5 KEGG ¥ i Lex) J& , 7E40 i FR AR S (5 B b
B RE T, 556 FHEHE S0 AUER S RN TR Z, AT RIS
W FE 2 AR IR J5 , FEIRIRAS B AR PR 5 20 it AR S 2800 b LUE 54 S s i 5 o A
N TN ER NS I E 7N

IR 51 S RS IR e 4 i K iR B 2K %% 1 (Glycosyl hydrolase familyl, GH1) &1k & T [%,
XM FER BN E AR S 20 TR, HIERRPEKKT . AT Ik EA WF 2
R E S, 357 2% R REFER P KEGG 704, 45 R E/R BT 1B (Myrosinase, Myr)
FERFRIAETE T Rk (2021 K GHREF Myzus persicae &N BT+ T B FEARR,
KRGS, AARRAR /N R AR R B8 A 3K B A W 5 T8 52 TR 28 B 3 PRI A A R ST
TG A BRI E B 5 I A KORARPUAN A R B 28

ek HE R IT 8 R R, RIRACERJS , SRS WA N i R S DR R A KA T B
VAR . EENE A N A S AR B R R T, TR AR T S M AR R

(Elbein et al., 2003) , #& R HUM K S P i S EEORESS, 7 B dudh py 3 20 i 1 e bl & hl

M (trehalose-6-phosphate synthase, TPS) KAt & i (Meenakshi er al., 2023) . HFEHEA
HRE YA AL RE &, T B RS LE SR 5 FE SRR R I 7 4H R 2 THD W RO (1 R 4 it
KYEFFEMEMAE KK E (Crowe et al., 1990) . Jagdale &5 (2005) K, SF/NFLH
Heterorhabditis bacteriophora 223t 3 h 1°CIRIRALEE 5, 5 25°CR:FRIM T/ MFLL AL, 4


https://baike.baidu.com/item/%E7%BB%86%E8%83%9E%E8%A1%A8%E9%9D%A2/8627495?fromModule=lemma_inlink

HAL LR R S BT 6 % RS (2012) FIFSER 62 & PCR Kl R BL, H
SURTERR PRI TS S T, HaTPS (315 5 6 A5 55 00 PR 235 T, 78 B IR FHR A 3
MR, HaTPS [MFRIEEEIETE G NEMREES: A0 R b A P85 I R 1 B
%, WM I% Eurytoma amygdali V4 N SENE & 288 1 (Khanmohamadi et al., 2016) ;
IXUEHF R B, R ARINTE R AU E i 2 OCEEIER, SRS RS R —
o WGEERENUT A BRI RT R, JLa s AR B R AU LT BRA R, Al
PR LT 0 B A R TR % LT JORA  A  E T  EROE B  RCA B  EL — Fe
HEETER (FREL, 2022)

AP (HSP) AE—F R SF FIPUi 8 1, 7R IR AL 20 IR 5 R 2 X e 2 S 28 A, b iR
Fik, PEEAZEAE 4 NF . HSP0, HSP70, HSP60 DA K /N 11 sHSP JEK K
& (King & MacRae, 2015) , fEARGSFRHAFRIERZ PRI HSPT0, fEAEYIAE 2R
fiamt, e HAE PSS, oTCAEA> & A AR T & O SR IR A R e i, BH IR B
DA E AR R, MR GE N IKEE DI RE, 4ERFAE - BRE IS FR AR I ) B E BT (Wallace
etal., 2015; Chengetal., 2016; Riback eral., 2017; A, 2021; Z=FEL, 2022)
Huang %5 (2007) & I B7E-7.5°C~-5°CIRIRE T, H HSP20 & HSP70 Kik & FFHk
HLAR I -

SRS W K 22 B ()75 IO AR B, R 405255 (1982) R I8 T £ M X AOR &4 R B
AT B @S (2003) @B =T dbE T AV 1 i R R B S R T 4 H
R F XoF Y SRR, FEE (03 S, R BT AN [0 b R S e o ' RT3, FBE ) e e AR
I AR I o 175 5 HE RO A P & X e 58 SR 03 B 00F R ARG IR 5 5 T R A% 56 O ME IR 1) Ik 007 1)
PER e o TEAHETE 5 M e B B AR DR BE R A I ERIE, Xt 5 0f B7E Rkt LIk
T B T DA R IR ) A BV R AR WA 5 DR B TR 0 8 2% L 1 K1) 4 5 G SR T R HH 3L
Hi X PR LR A .

M, BT HEMFEREARNAW KR, X 32 B E kR W R 5 180 1) 4>
FRIHLE], ATRAB RN T i R e F R, o R e 2% . ARt oids
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