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Abstract temperature, changes in gene expression of fat body could
provide some hints for understanding temperature adaptation

BACKGROUND: Temperature is known to be the main strategies.

factor affecting development, growth and reproduction of

organisms and also a physical factor directly related to insect Key words: Plutella xylostella, fat body, transcriptome, low

survival. Insects as ectothermal species should be responsive temperature

to climate changes for their survival and develop various

survival strategies under the unfavorable temperature such as M B2

low temperature. The purpose of this study is to identify

genes contributing to adaptation of low temperature. e AEEe] WY, A3, WA ol = v 2

) 2]
METHODS AND RESULTS: To identify genes contributing QRlojH, 25:0] A& 7HE & FF= vAE =87 28lo]

to adaptation of low temperature, the transcriptomic data were THChen et al., 2011; Bauerfeind and Fischer, 2014). <
obtained from fat body in Plutella xyostella larvae via next T ASREE Hojuhs ARelA AES] A8l theFst A
generation sequencing. We identified structural proteins, heat 2kS- A 4-3HKSinclair et al,, 2003). 53] Ao =317
shock proteins, antioxidant enzymes, detoxification proteins, SEME WFE2E 5ok stiSformo et al., 2010; Li,
and cryoprotectant mobilization and biosynthesis-related 2016). 7ol AAlehs 252 W A8 2E9Y9s 7L

proteins. Genes encoding chitinase, cuticular protein, Hsp23, Ao, 5wzl mkE 250 e Wk vekeith 2%
chytochrome protein, Glutathione S transferase, and &l &gt allFe] AN TRs AR oE w8 A

phospholipase 2 were up-regulated under low temperature. 2] 93)E of7|$HYamamura and Kiritani, 1998). 1
Proteins related to energy metabolism such as UDP-glycosy phenoloxidase 53 2> 540 &5 zo]al, Al o
Itransferase, trehalase and trehalose transporter were down- 3t AgAS =2tKSable and Rana, 2016).

regulated. e, WEL oate] A 2% AES s
CONCLUSION: When insect pests were exposed to low (Neven, 2000), A&elx 4 5 AEs FAATA )7

U, $AEES HIsAY Bes|E $tHGosden, 2011;
Toxopeus and Sinclair, 2018). %< A2 Ude =2
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T G B4 gE op)EE Aow dEA gl
™(Michaud and Denlinger, 2004), 5454 WalAd
of oJst AHAl &oF A By, Ad5FA o ot
ek Zo] LERITtHClark and Worland, 2008). wehA
A B4 A ARE 5] s Hgd(cold
hardiness) 71202 o]afjgt 4= St}

A AR SR Fxshs wWiFE I (Plutella xylostella
L) ARk A= Fo8150%, 97 1~4%, #d7),
A% AMEALE 7FtKTalekar and Shelton, 1993; Lee
et al,, 1993; Cho et al., 2001). =Hjelli= 1980t )%
AsA Wxrb S71ekL Qe Kim and Lee, 1991). o]
A A% A AYS7E 10~113 2 3501, thoket woF &
Zofl W& okl A S WIAA Foll AAA Fel7t F
718t ITHKim et al., 2011). A4 dgolglos, A
S o7 A Axes Hnd AEY FEEES
513 3(Weisenburger, 1993; Zhang et al., 2016), <7
L sAAEAL] Azt ead dAMEe] SUHE st
AchLee et al, 1993). BlFFES AL A dBHt7|
0] 0C o] ¥z A|ellx] H57ks Zow F7= o] St
(Kim et al, 1999). 3Hd, $A7d 2590 wF5L A
g ow ehdo] 2 o] glof, AuyARE -14.3~-19.
27C 2] W9z dgA]el we} vk Hayakawa et al,
1988). HlFEUFLE Al f7]e] e WeAd 2 A
= T7MAA Al digt U F7tel 7kAS BRItiPark
and Kim, 2014).

B A7 iFEelA AL A8l 7ofshs 88ls
T2 el s8] flal fres A(3~10TC) ¥ A
(25C) o2 throla ARSSIGIth ARG f5 o2 e tiat
HESS] SR Aol sl FAAIE Ak, dixTel
oM s A vnE FeEl Al g
ao)7h vz RS Fs8ITh

Mz R 2E

HiFESLIE AtS

H|FEpge] 75070 = QFs Tt A= L) ghtel]
ook, of ™ TEFAREH(60 x 60 x 60 cm; G3)7F
Jo}, 474, sk=)ellA] -sAIZEE wlS2l(10 x 10 cm)S Al
Sl WY FEste] Ake FEsSa, AFHOlE 10%
AYES Tl siFdel] Abghst &8 H-51A]7]7] S8
o] Q= o2 FHEYUARF 10 em; @olAT <, 23,
=)ol 2012 F AEF RS A ¥ TG Y
et @, A5 )R &3tk 28 o] H5(5070
L o}gHAEAKE0 x 20 x 7 cmy E7FoloPo] AAdE

HEE AREISLE 324 16:8 (L:D) h, AH5E 60 + 10%
A& AL

Total RNA &1} XMt F7IME 2MEHS 0188 X
LA HAN =M

= J1A9] LxzAA] ARSEF HjEE kY] G320 4
o] H3E W, WA 70%NESE FFE 25T T, 3l

2

X
=
1N o T of

o]gsto] AAE FEletal Al FH] Wit welsh
YA =5 RNeasy Plus Mini Kit (Qiagen, MD, USA)=
AREsEe] Al ZzARe] FHel we} total RNAE FE3H9)
th Total RNAZF-E] mRNAE #&3}7] 913 Dynabead
(ThermoFisher Scientific)E AZAFS] Aol w2t A}
£33tk mRNAE H¥3AA random primers ©]&-3}
o] oJXAF HAE (DNAE At §4¥ (DNAE
RNaseHE A ] &t1(ThermoFisher Scientific), 7ag DNA
=3+ 5 ~(ThermoFisher Scientific)E AREsle] F 7}k
DNAE WHESITE DNAE 2] 714 G418 end repair
mix (Takara, Kusatsushi, Japan)& blunt endZ H3HA|
7 v 3] A 971 A7Feksinh o9 M9s F 7t
ool DNAC AA17]1, DNAS PCRS 58l SZAZT
Nlumina 7]&E& o]4% At 7MY 24HS 53
DNAZH] M¥E 97 HiSeq2000 F3 971D #4
(rk=Al, M, d=)sklth

%
§ 7912 B0E SR Whseh 2 290
__%
H

Clo|E{e] 244

71X Qe digt FeHe ¥ (quality control) w4 9
3l FastQCE 4=33}91 1, Trimmomatic (Ver. 0.32)5 o]&
sto], A3dxts Aefsl ofiE] NEE AASITE Trinity
AEESolE o]83to] contigE HAIITE Ed RSEM=
7o E ArA S A EE ARl AR o] &
¥ FHA= BlastXE ]88 gene ontologyE T35
o} Aol o] ER1% §-84= BlastX (http:/ /www.
ncbinlm.nih.gov/blast) & ©|-&ato] FAAE 57431311,
Blast2GOE &8l 44 SAREA S 73318tk 2k AR
E9H 9 A dial 2] ApolE tixTg) 1]
WGITE 2 ATl ARSE ARA AJE= NABIC (http:/ /
nabic.rda.go.kr) ¢l S53FATH A1 HAH: NN-1864-000001,
th 27 NN-1865-000001).

xF

711} al k3,

=

AzolA ARE 470 WiFELE APl E2 total
RNAE mRNAZ %%+ % [llumina HiSeq2000 system=
o]g-3lo] 101bp paired end sequencings &3l Ao A=
10,773 Mbp, HlZTollAE 10,335 MbpE 2HH3EISILE o
7l M Y(raw sequence)E2 AAAIA HAFOE 125,154
7Ne] contigs EHHaI3ITE HESE contigoll thal BlastGO
2 E o838t GO 4% 23, A=715(13%), A4
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715(11%) 2 AEZE9%)E GO HFro2 U 4 U3
ot AE7)solA 7P B 7le S A2 il 2, R,
A= RS, AEARE Fo R YER, EAPselME A,
kg b FF aaxd o AT teE A6
ol shH AEAGol M= AEPAT} Axzivd U Ak,
A BAEA 534 59 AA7E FEE AT

<5 e g iFEu AR GEEl A
Ae] A vl FEoN AL ARSFE AR EE kel
A ztolE Hole frixbge] AR I il
(Fig. 1A). A&} izl L Aol Hol= Fdxk=
& Ao gt o]l whdMsl Aas B /Aol =
o) LRt W oA fxt wdate)lE BEUE, A
S G B e 2 M B K e o KSRt Pt s 0 G e e
3l 303871l contig7} Wdo] F7HEGl oM, WHo] FhAE=
contig= 2,946/ % LFEPSTHFig. 1B).

2Esglel web wiFSu §F AEAlelA ARt
Wzl s Akl 8l TR A (structural protein),
AZZ il (heat shock protein), F4FslE Ax(antioxidant
enzymes), 3ll%52-8(detoxification), #|& W& A A(lipid
modification enzyme), W2 dE4 ols3 3 A4
ZHeryoprotectant mobilization and biosynthesis-related
genes) = HASIITE 259 duAe ek TadA
o &3k 339 ©A(cuticular protein)> BAEMY, A
SAC] FFEA 7es 7Y, AEH Y wEFE B9

glycines ol gH7gh T A o] S fishs Ao o

A

No significant |
* IFCI>2

Expression level of low temperature

HA SJtHWatson et al., 2017; Balabanidou et al., 2018).
ool BT R TS chitin®®, Macetyl-B-D-

==

glucosamine®] S ##|o]t{Merzendorfer and Zimoch,
2003). chitin 3#3]5WRE ofye} o] a2 uhet
Z)¥]o] Q)= peritropic matrices$} 7]¥Htrachea)E #4|8}
7o Stk Bsk 250 A gyl M2 0% chitin
3SRl 28] A S S8l ek wiEEud A A
o] AAHA R 2R 2QlE Fv] Gl o] contig= 1571°]
, A2 el AAR] contigZh Tl AR contig B
ko] A= 3 tKTable 1). o212 3] @z
Ho] T2 Ao APy AEYA) WG o] g
ARG, B3 519]9) FE Aol chitin®] w39 A
of #E FASE SHEHATE AL Ld A9 A
5, tz2T BAAARA el vlEl] A2 0% chitinase A=
(Cht2, Cht5, Cht6, Cht7)e] w&lo] Z7}8l9it}. Chitin
synthase®] WAL &% Wsle] WE AjolE Ho|FA] Ak
o H¢ AR actin A2 WEAMAMCA BE actin
#E AAE] dao] Z7bE gt Table 1), A 2 A
AHAOlA] chitin ¥ ko] e A3HY SRR
W atol= HolA] kot el gal] W ozl v
3 =T o)A ALllA chitino] ¥4 HUth= w87t ¢
Algk ake 7 tialrt o] FolA L Qles & ATk A2
Al 2F0 B SR AAEAY B] wiitel] A2 1Y
A 219t chitin A3 e] FaAo] WolA|7] widl A
o AYzbent

1o o rlr
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Fig. 1. Scattered plot (A) and numbers of up-regulated or down-regulated contigs (B).

(A) Red dots outside area of dotted lines indicate fold change ranges, |FC|=2. (B) Among contigs
identified from transcriptome of fatbody in Plutella xylostella larvae, numbers of up-regulated or
down-regulated contigs are 3,038 and 2,946, respectively.
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Table 1. Structure-related protein genes identified from fatbody transcriptome of Plutella xylostella

Contig Expression” Length Description Species Coverage E-Value
3 to 10T (bp)

Cuticular protein
c43450_g1_i2 A 671 Cuticular protein 11A Drosophila melanogaster ~ 29.3 2.00E-16
c42111_g2 il AA 1055 Cuticular protein 49Aa Drosophila melanogaster —~ 74.3 2.00E-25
c46024_g1_il AA 1617 Cuticular protein 49Aa Drosophila melanogaster ~ 62.5 4.00E-23
46024 gl i2 AA 1638 Cuticular protein 49Aa Drosophila melanogaster — 62.5 4.00E-23
c43017_gl_il AA 1737 Cuticular protein 49Aa Drosophila melanogaster 70.8 1.00E-42
c41699_gl il A 1231 Cuticular protein 49Ab Drosophila melanogaster — 36.3 1.00E-12
42172 gl il AA 1045 Cuticular protein 49Ab Drosophila melanogaster 324 1.00E-27
c40971_gl1_il A 800 Cuticular protein 49Ae Drosophila melanogaster ~ 76.9 7.00E-26
c43611_gl_il A 1529 Cuticular protein 49Ah Drosophila melanogaster 784 5.00E-41
c90296_g1 _il A 1777 Cuticular protein 50Cb Drosophila melanogaster ~ 34.8 1.00E-12
c45113_g2 il A 3454 Cuticular protein 50Ca Drosophila melanogaster 16.8 1.00E-17
42694 g2 il AA 542 Cuticular protein 65Ax2  Drosophila melanogaster ~ 784 6.00E-31
49764 g1 _il AA 1424 Cuticular protein 66D Drosophila melanogaster ~ 29.6 5.00E-36
44947 ¢l il A 345 Cuticular protein 78Cc Drosophila melanogaster — 57.1 9.00E-23
c43651_g3_il AA 855 Cuticular protein 92A Drosophila melanogaster ~ 27.8 3.00E-29
Chitin synthase
c49006_g1_i3 - 2714 Glucuronosyltransferase Drosophila melanogaster ~ 91.5 9.00E-106
c49401_g1 il - 1711 Glucuronosyltransferase ~ Drosophila melanogaster ~ 86.2 6.00E-92
Chitinase
c47435_g1_il A 1813 Cht2 Drosophila melanogaster ~ 91.1  2.00E-148
c48153_g1 il AA 2674 Cht5 Drosophila melanogaster ~ 68.9 0
c51992_gl1 il A 2565 Cht6 Drosophila melanogaster 3.5 4.00E-20
c51992_g1 i3 A 5152 Chté Drosophila melanogaster 1.6 3.00E-34
48871 _gl i1 A A 1498 Cht7 Drosophila melanogaster — 43.6 0
c48871_g2 il A 2679 Cht7 Drosophila melanogaster — 56.3 0
Actin
c46168_gl_il A 785 Actin filament Drosophila melanogaster 159 1.00E-94
45847 g1 i3 A 625 Actin filament Drosophila melanogaster 5.5 0.00009
c44520_g?2 i3 A 574 PDGF- and VEGF-receptor Drosophila melanogaster 8.0 3E-09
c44520_g2 i4 A 616 PDGF- and VEGF-receptor Drosophila melanogaster 8.6 3.00E-12
48693 g2 il A 685 PAK-kinase Drosophila melanogaster ~ 19.0 4.00E-63
c46199_gl_i3 A 1417  Vacuolar protein sorting 28 Drosophila melanogaster — 99.1 4.00E-97
53824 gl i3 A o031 Dishevelled associated oy metanogaster 384 6.00E-170

activator of morphogenesis

* The expression level of each contig can be divided into upregulation (log,Fc>2), downregulation (log,Fc<-2), and not
meaningful (-2<log,Fc<2), compared to the control. 2<log,Fc<10: A; 10<log,Fc<50: A A
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Table 2. Heat shock proteins and catalases identified from fatbody transcriptome of Plutella xylostella
Expression® Length
conti Description Species Coverage E-Value
& 3w10C 25C  (bp) P P 8

Heat shock protein

c44076_gl1_il v - 337  Heat shock protein 68 Drosophila melanogaster 16.1 3.00E-27

c48023_gl il A - 1047 Heat shock protein 23 Drosophila melanogaster 53.2 8.00E-13
Catalase

c53547_gl_i2 - - 458 Catalase Drosophila melanogaster 241 5.00E-58

c53547_gl il - - 1784 Catalase Drosophila melanogaster 98.4 0

* The expression level of each contig can be divided into upregulation (log,Fc>2), downregulation (log,Fc<-2), and not
meaningful (-2<log,Fc<2), compared to the control. 2<log,Fc<10: A; -10<log,Fc<-2: ¥

A Cat 57 FEEAE u, AEREE $lsiA whEe] Ul
© SZolt), 2o dF AT AL A} g AEHA
of thet Hoo] #osh= ROz 4HA SItHGoto and

Kimura, 1998). @3NS o] FAH de thgh vkg-ol
gE Hofshs Zlo® dHA gldloy, AL, A, 249
AT, AR D M2 ZAES, AR S 454
gulgo] oal= Aol R uEQrKStétina et al, 2015;
Garcia-Reina et al., 2017; Haslbecket al., 1999; Bruey
et al,, 2000). @Z AL 1004 100 kDa o]/d<] theF
o s 7, v AlETrEe] EAETHKing and
MacRae, 2015; Kriehuber et al., 2010). HSP10, HSP60,
HSP75% mitochondria®] EA8kH= Whd, the @iz &2
A e wek Al2d, AxA, 8 Fol EAs d%F
Achilze] 7]50F Hspl0> ©d 3l FhofshH,
HspB} Hsp27- WATA 9] A3]5%], Hsp402 Hsp709]
cofactor, Hsp60-> A 413, Hsp70-> i A9la} el
Ao #Aofsi= o] LA SItHLi et al, 2009; Jee et al,
2016). Hsp90> 2H|Zo|= =84 W ZARIZ transcription
factor)Z 2H8-51H, Hsp104$} Hsp110-> =3 2%2] U4
3} ##o] Qi Krobitsch et al., 1998; Zuo et al.,, 2016).
|5 he] A|vkAell A Hsp23, Hsp682] contig”F &1+
AUTHTable 2). #= F& A4 wdo] 71 Hsp23
2 F=2 chill coma AES] Zulg]olx] wHo] FMETH=
R 3(Colinet et al.,, 2010)} LX|5}3 21, o] THlE ] ¥a] 7]
k= A el Bsolds frddith AR wd dAAA el
~] Hsp68 contigell thall -#2ke] ML oz nlaf &
o] 7rAisiGith Hsp 682 ZatelolA] T2 4 AE#H X o
98l =¥ cHBettencourt et al., 2008; Serensen et al.,
2005). Hsp68+= @A 9] K59} H7o| yojsh= Hsp70%
AR ehlzl 2 A QItKPalter et al., 1986).
AR B Feol A W, weslE, A4, DNA
9] AkslE ANl E-olttk FAkskE R 2A 37t
A 270 % UE Stk 1) superoxide dismutase (SOD),
catalase (CAT), glutathione reductase &3} 2= &4, 2)

glutathione (GSH), vitamin C, albumin, vitamin E,
carotenoids, flavonoids 5 4H3}E2, 3) Akste #)2
ot} ISk, £40% DNAY ©zle] 3liof fojeh= &
2(RAR G4, i Bl gs, Holgh 5) (Irshad and
Chaudhuri, 2002). SOD& T2 AEAU AlEA A 3]st
S0 7 Q18 FAAAE A AE MSIA T, catalase,
glutathione peroxidase > #IsrFAE =2 ASAA
gitsl 2ol Fofgtti(Barbehenn, 2002). SOD+= HiFF
Uik A2 B AAR oA 47 contigZ} S8 S0, 212
SOD AR e s/ B3Itk CATE 270 contig7t
Ao, tzTo) A W AAAA fax} Ak
o] Kol stth Glutathione peroxidase: WG
o] A= S EA] ST Table 2).

2EH 0L FE 5284 cytochrome P450,
metallothionein 2 % UDP-d%0]S4(UDP-glycosyltransferase),
Glutathione S transferase ‘s°| ¥oIgtt} %] cytochrome
P450sS frobe 24, B2, Byl gk, HEE
o] Aol st Feyereisen, 1999). ©o] E452 44
v ATAE 243 slisel #o] 3ltkBerge et al, 1998;
Scott, 1999; Le Goff et al, 2003). ++%2| cytochrome
P450s2 gk 2159] o]F7t FAlEA (allelochemical) 2] T
Ato] Q3 98k St Danielson et al., 1998; Petersen
et al., 2003; Wen et al., 2003; David et al., 2006).
CYP6A1L Aate)(Musca domestica)olx &A1 Aldrin
] tiatel] Hefat, CYP6D1$} 37| deltamethrin tiAtel]l 2
G3ItE CYP4+= 1A 0= A EH 9] dixpel] ofsk= 2o
a4 gltiDanielson et al., 1998). ©]&3t tlaksl 7152 t}
st grzol| 7IR1gE Ao A, 2% Fol wet P450
Axke] & veksitty. Z3le(Drosophila melanogaster) 1|14
© 837, Anopheles %olX= 11171, Erln]elx= 467
P450 FAAE HAE It o)A FAAke] EAE Fel
tpeFet 4ol gt siE2E-s g o® SuE F ole
A& OFZ oFgt = Qlrk wiFE e B AR oA
cytochrome P4509] 3271 contigsE &R13I3ItHTable 3).
Zutg]e} B7)oA DDT oFA| A3l #olsh= A=
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A7 CYP6°ll 3= contige 11712 A& & HAKE
CYP6a2, 6al8, 6a21, 6d5, 6gl, 6g2°] Tdo| vjzTHr}
S7Feloleh 454 tiAtel] #efeh= 270] CYP4 contig’=
o] TGt BEgh A2 A oA CYPIf2EE o
Zol Hlgl o] Skt Table 3).
UDP-3dolasre &, AF, "E, vlojgs 59 &
© AN A, 35 2FoR fud How A
ZyEt{Mackenzie et al., 1997; Meech and Mackenzie,

1997). ++%2] UDP-FHolgie ¢ F7H(donor)= UDP-
glucuronic acid Xrh= UDP-glucose® AHE-3HCHAhmad
and Hopkins, 1993; Rausell et al., 1997). #F5=7}
AVetA 715 5ol GA 2Edd Ade, thofst ¥
% Folli UDP-dHolas E4o] HiHgtKReal et al,
1991). ¥+%°] UDP-@lo]aat Holor Wx= 259
oIt FAIEAS di5shs U 93 9&8S dAhmad

and Hopkins, 1993). UDP-J#0] @47} sk Alo)&

Table 3. Detoxification and antioxidant enzyme genes identified from fatbody transcriptome of Plutella xylostella

Contig 3 toEjngeSSlozr;C L?ggh Description Species Coverage E-Value
Catalase
c53547_gl_i2 - - 458 Catalase Drosophila melanogaster — 24.1 5.00E-58
c53547_gl il - - 1784 Catalase Drosophila melanogaster ~ 98.4 0
Cytochrome P450
c31995_g2 il A - 269 Cyp4ac3 Drosophila melanogaster ~ 10.2 0.000001
c51970_g3_il AA - 2339 Cyp4gl5 Drosophila melanogaster ~ 83.8 0
c49022_gl_i2 A - 1339 Cytochrome P450-6a2 Drosophila melanogaster ~ 83.2 2.00E-95
c49022_gl1_i3 A - 1645 Cytochrome P450-6a2 Drosophila melanogaster ~ 99.0  8.00E-101
49022 g1 _il A - 975 Cytochrome P450-6a2 Drosophila melanogaster ~ 51.8 8.00E-64
c43003_g2_il A - 1698 Cyp6al8 Drosophila melanogaster ~— 94.9 2.00E-93
c46326_g?2_il A - 609 Cyp6a2l Drosophila melanogaster ~ 35.9 3.00E-28
c50258_gl _il A - 565 Cyp6d5 Drosophila melanogaster — 36.2 5.00E-14
c46659_gl _il A - 1642 Cypogl Drosophila melanogaster ~ 37.6 2.00E-31
c45472_g1_i2 A - 1384 Cypbg2 Drosophila melanogaster — 76.3 1.00E-60
c47201_gl_il A - 1115 Cypbg2 Drosophila melanogaster ~ 33.5 5.00E-30
49249 ¢l i1 A A - 1772 Cyp9o1f2 Drosophila melanogaster  100.0  2.00E-88
c36866_gl_il A - 429 Cyp9f2 Drosophila melanogaster ~— 27.5 1.00E-21
UDP-glycosyltransferase
B3351_gli2 W - 2201 f_i)hyd_roXyacyISphingOSi“e Drosophila melanogaster 791 1.00E-36

eta-galactosyltransferase

c49639_gl_ il VvV - 1807 UDP-glycosyltransferase 35a Drosophila melanogaster — 86.0 2.00E-50
Glutathione S transferase
c44544 g1 il - - 1120 GST D1 Drosophila melanogaster ~ 98.1 7.00E-67
c47399_g2 i2 A - 1430 GST D7 Anopheles gambiae 77.5 1.00E-50
24768 gl _il - - 1756 GST Z1 Drosophila melanogaster 84.6 2.00E-44
c46043_g3_i2 A - 947 GST E4 Drosophila melanogaster ~ 96.0 3.00E-60
c46043_g3_il A - 728 GST E2 Drosophila melanogaster ~ 50.2 3.00E-18
43439 gl il - - 602 GST O3 Drosophila melanogaster — 69.3 5.00E-47

* The expression level of each contig can be divided into upregulation (logoFc>2), downregulation (logFc<-2), and not meaningful
(-2<logyFc<2), compared to the control. 2<log,Fc<10: A; 10<log,Fc<50: A A; -10<logyFc<-2: ¥; -50<log,Fc<-10: ¥'V¥
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(xenobiotics) 2] =3k A A3 o] QItHBull
and Whitten, 1972). #2%-2] UDP-ZHlo] g4+ T3k X35 &
A, Aas], WA #Aofsit(Mizokami and Yoshitama,
2009; Hopkins and Kramer, 1992; Wang et al.,, 1999). Hf
FEpLe] A M 2702 UDP-E4e] 824 contigs

£ gRlIsIeleh A i dARIC] 739, 270 contigselA =
w5 ko] 71431t Table 3).
2% FFEAL S HMola(GST) = dFarzEA, o
|

A Aol ofsh= Aoz defA ItWilson, 2001).
A FHste] 27149 AskerA A 714e] 9l
T{Morton, 1992; Oppenoorth 1984). 3 WA= RIgH 312
TALE EoA] AR} 5471 AT AE-S AEho 2
BARSe| AFAS flshs Zlolh 25l 24§99
sl ZoZE GABA 784, Na Ag, acetylcholine
esterase, acetylcholine 84|, foFs=& 7847} &
A Stk F AR E dr AR, AFAle] HAo] A
HEES WYEy, 27 T Edsbr] Aol A mjAdE
+ Zojth. GSTS 37 hydrolases®} mixed function
oxidases 5°] F&3% A& s}, wiFIThde] A wd
A 6719 contigZ7t 1= TE A& AP
GST-D7, E2, E4 contigZ7} W&ol Z7kefla, wA]
contig®] &l vlzT9} B8t Table 3). GST-D, E
of Hahs EAES TE AVIA, 7198419 ARl
HoJdh= o7 AdEA QItHL et al, 2007; Wei et al.,
2001; Ortelli et al., 2003).

2ERsbe] uhEt 2l AE AAZRAYE LA
wm, o] HF st BNk opyet A A wiglE e ¢
Ak 257F "olg s W, 2T 22 M= A%
oA A AWK phospholipid fatty acids)<> 354
(Homeoviscosity)s A317] 913l ExsA] o [t
(Haubert et al., 2008). 22| A dojjA] 5o o]t 1At
ZAWSR= Aol k] A HAglelr] sk Aow
A EH, o= Bke] 7]5l T st Hazel and Williams,

rR o

Kim et al.
1990). WdollA gel FEiE 2] Adol= B2 AT 4 &
29 27 B3} oolest g B9 Bae Z7MY)

H(Hazel, 1995), U524 “Jlollx A0z st &8
WR)7)= 203 Q12 9] sho]tHDrobnis et al., 1993).
HjFEZ L] Al AAR A 371 AAE EaEska 4ol
gt contigsE E7HIN T, o5 FAARS A Hste] o
Sh= FAApo)7] wiEol] A2 W AAAo)A desaturasel
AL A11 E3E3F 540] W] SISt o5 AL
gl Holsh= fraxbEe] Yakd off-&5 Adshe F8%
At & 7 e AXRElETE Eg QIAE e 24
st 5= Qs A E8l a4 Phospholipase A2
(PLA2)= wljF=51pde] A wedARAClA 37019 contig
5 R8I, B AR $Eo] S7sItHTable 4).
Trehaloser= HHXoA BHAE S FQ dold, 12149l
A3} chitin $/d9] A=A g2l tiXiong et
al,, 2016; Thompson, 2003). A4l 25522 7+ H|
=ek qEks o, dACEA  trehalose-6-phosphate
synthaseE ©]-831] trehalose & YAFsHHKern et al., 2012).
aphbel A B % A H(Park and Kim, 2013), 955
WS Ao 2SS W, RzZolN SeAlEe] 49
A wRAA). oA SeAlEe] TG o AAE=
HFFUS] U] dixagels] sast 98-8 st A
S ARBelE: webs, Jiskd e ¥ trehalose®] a9t
Hho] Fe FAAES Aol w38 WiHFe] A
Q3 7|93E sithar mfetst <= It} Trehalase (Treh):= 2
9 xv BA WS Y9 trehaloses 7IE-3lls=t
skl oflufA] tiatelxe] Fost gk 3 chitin A%
ZAZoAM e A A aawEn A, g, e 2 A
2 5] vpeket Aejriatel Fagt ogS gtk Trehalose
A 7P & dexl A== trehalose-6-phosphate
synthase® T A glucose”’} UDP$F HHE-31
uridine-5'-diphosphoglucose”} %31, UDPS} 2] o]
glucose-6-phosphate”} 1t} Trehalose-6-phosphate] 4]

tlo Bl ¢
R

il

X olN Ho

ox Egj

>

Table 4. Lipid modification genes identified from fatbody transcriptome of Plutella xylostella

Expression®

Length
3t010C 25C  (bp)

Contig

Description

Species Coverage E-Value

Fatty acyl desaturase

c47629_g6_il A - 554 Desaturase 1 Drosophila melanogaster ~ 32.9 5.00E-49
c50092_g?2_i4 A - 771  Acyl-CoA Delta(11) desaturase  Spodoptera littoralis 44.4 1.00E-75
c50092_g2 il A - 1316  Acyl-CoA Delta(11) desaturase  Spodoptera littoralis 71.6 1.00E-129
Phospholipase A2

c37357_gl_i2 A - 274 Phospholipase A2 Drosophila melanogaster ~— 22.3 2.00E-23
c44408_g1_il A - 1351 Phospholipase A2 Drosophila melanogaster — 42.6 1.00E-49
45154 _g1_i2 A - 1149 Phospholipase A2 Drosophila melanogaster ~ 32.5 2.00E-51

* The expression level of each contig can be divided into upregulation (logoFc>2), downregulation (log,Fc<-2), and not
meaningful (-2<log,Fc<2), compared to the control. 2<log,Fc<10: A
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Table 5. Cryoprotectant mobilization genes identified from fatbody transcriptome of Plutella xylostella

Expression* Length
Conti Description Species Coverage E-Value
8 3w10C 25C  (bp P P 8
Trehalase
. Drosophila
c53723_g3 il v - 641 Trehalase 35.74 4.00E-53
melanogaster

Trehalose transporter

c50351_g2 il v - 1247 Trehalose transporter Tretl — Apis mellifera ligustica 414 1.00E-20
c50351_g2 i2 v - 1333 Trehalose transporter Tretl —Apis mellifera ligustica ~ 53.2 2.00E-24
c44867 gl i2 WV - 1757 Trehalose transporter Tretl Bombyx mori 87.1 9.00E-32
c52234 g1 _i5 v - 1956 Trehalose transporter Tretl Bombyx mori 74.3 7.00E-37
c52234 g1 i3 A 4 - 1775 Trehalose transporter Tretl Bombyx mori 78.6 2.00E-38
c48145_gl il v - 1866  Trehalose transporter Tretl Culex quinquefasciatus — 88.0 2.00E-51
54151 gl il ¥ - 503  [rehalose transporter Tretl-2 1y pity sechellia 287 2.00E-09

homolog

*The expression level of each contig can be divided into upregulation (logoFc>2), downregulation (logrFc<-2), and not meaningful
(-2<log,Fc<2), compared to the control. 2<log,Fc<10: A; 10<log,Fc<50: A A; -10<logFe<-2: ¥; -50<log,Fc<-10: W' W

7Z= Trehalose-6-phosphate EA~g 4l 2J3)] trehalose
2 At wjFEpte] A2 dAdA RStz BlE)
Trehalase®} trehalose transporter®] o] 7AH it
(Table 5). ©]71 ALoX= oA Fike] Bado] wlo}
A7) el trehalose w35 &3 EEFUAL Q77F Y2
Aoz motdc) web A-2olA trehalase Ld0] WolA+=
AL AYAE Arkebr] gk 259 irbgo] AskE= A
< u)sittal & 4= 9lvk A7 9 F trehalose transporter

9] B ® wolx|i= AR odg 4= Stk

=&, O 0oy - T oA
250 Al AR A0 =2 Qklolrh WMwadl
2 AES Y8 715k WSS ok ah, A2u 2

2
ro
=2
=
=)
)
olo
=2
)
£

of
FIF
2
2
N
fu
offt
ol
_O|£
)

3 vlFEbY 550 AYAE A el E2AIA A
AR S B A2 oA & chitinase, ¥t
W4, Hsp23, chytochrome, Glutathione S transferase,
phospholipase 2 f32}2] o] 7k vbd, ofi#] thAle]
Folsh= UDP-3lola4y, trehalase, trehalose transporter
© 289 ddo] gasilth Aol 50] =E2HAS ),
ARSIl A A e 2zt gl WEpE 250 &% A
52 oldlleke WAE AlwE ¢ oS AoR 7|dH:

o =2
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