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Abstract

BACKGROUND: Insects are ectothermic organisms in
terrestrial ecosystems and play various roles such as
controlling plant biomass and maintaining species diversity.
Because insects are ectothermic, their physiological responses
are very sensitive to environmental temperature which
determines survival and distribution of insect population
and that affects climate change. This study aimed to
identification of genes contributing to fitness under high
temperature.

METHODS AND RESULTS: To identify genes contributing
to fitness under high temperature, the transcriptomes of fat
body in Plutella xyostella larva have been analyzed via next
generation sequencing. From the fat body transcriptomes,
structure-related proteins, heat shock proteins, antioxidant
enzymes and detoxification proteins were identified. Genes
encoding proteins such as structural proteins (cuticular
proteins, chitin synthase and actin), stress-related protein
(cytochrome P450), heat shock protein and antioxidant
enzyme (catalase) were up-regulated at high temperature.
In contrast expression of glutathione S transferase was
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down-regulated.

CONCLUSION: Identifications of temperature-specific
up- or down-regulated genes can be useful for detecting
temperature adaptation and understanding physiological
responses in insect pests.
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Table 1. Summary of assembled statistic results from deep

sequencing analysis of fat body of Plutella xylostella

Sample *Px_fat_body” *Px_fat_body™
Total obtained bp 10,335,023,768  12,490,021,580
Total assembled bases 91,690,799

Total trinity transcripts 125,154

Total trinity ‘genes’ 95,847

Range of contig length 201~28,201

Mean contig length 732

**Samples, *Px_fat_body” and *Px_fat_body”, indicate
that fat body was obtained from larvae reared at 25C
and 35C

gy 7G9S Trinity g S o] g3 125,154
7€) contige R33N 1(Table 1), BlastGO ZEI13&
o] g3t fFAAEAEA S AT A 67% = “dE
e TR Sk, 33%°] contige At AE7lE
(13%), FA7)15(11%) D AEZ-2(9%)= GO Eidto] T
S QItHFig. 1). A=7lsolx 7P B 7 24 o)
AL 24, G 2R 9 ARG o' e, EA sl
Ae A, SE 9 7% Ve o® YepEth d Al
ARG AEFA T AELYE E A W fd
A2 JERATHFig. 1).
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2,14778 contigellA 32t Wo] Frkeplon, F8Ak %
o] 7A4dk= contige 22357H9i‘jr
I} AFeE e wE
e RigkE s -HOH ?Z:%“ A, dFAdNA, it
shad, sis2ge] S S8k A (structural
protein)°ll &3dh= %3] WA (cuticular protein)<> Eroll
ik AgHg STkl AEAle] HRe] A gow 4y
A 9, 58] AEHA A e 2 glycine©] $79F &
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(Balabanidou ef al, 2018; Watson et al, 2017). B|5%
v A o] A 25 E Eeld 23] G contig
3270l (A} uAA)), ©]F 770€] contigZ7} thET-EUF
§o] =S Table 2). o] A¥hk= 39| Wzlo] wle] zlol7}
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Fig. 1. Gene ontology of the fat body transcriptome in
Plutella xylostella larvae. All contigs from cDNA of the fat
body in P. xylostella were converted into six-frame
translational products and GO-annotated from protein
sequence database of NCBI. The proteins with associated
GO terms, biological process (A), molecular function (B)
and cellular component (C) were grouped.
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Fig. 2. Volume plot (A) and scattered plot (B) of contigs
from transcriptomes of the Diamondback moth larvae reared
at 25°C and 35T. Both plots revealed the comparison of
relative expression level between Px_fat body_35 (high
temperature) and Px_fat body_25 (control). (A) Volume is
defined as square-root (Control Normalized value X Test
Normalized value). Blue dots outside area of dotted lines
indicates fold change ranges, IFCl > = 2. Red dots exhibits
top 5 ranking contigs of volume value. (B) Red dots
outside area of dotted lines indicates fold change ranges,
IFCl > = 2.
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Table 2. Structure-related protein genes identified from fat body transcriptome of Plutella xylostella

contig 2E5>§(}:)ress;(;rﬂ1c L?Eg)th Description Species Coverage E-Value
Cuticular protein
c43450_g1_i2 - A 671 Cuticular protein 11A 29.26 2.00E-16
c42111_g2 il - AA 1055 Cuticular protein 49Aa Drosophila melanogaster 74.31 2.00E-25
c42811_gl_i2 - A 889 Cuticular protein 49Aa Drosophila melanogaster 54.86 6.00E-18
c40443_g1_il - A 659 Cuticular protein 49Aa Drosophila  melanogaster 72.92 1.00E-30
c42811_gl_il - A 904 Cuticular protein 49Aa Drosophila melanogaster 54.86 7.00E-18
c40971_g1_il - A 800 Cuticular protein 49Ae Drosophila melanogaster 76.87 7.00E-26
c42694_g2_il - A 542 Cuticular protein 65Ax2 Drosophila melanogaster 78.43 6.00E-31
Chitin synthase
c49006_g2_il - - 1156 glucuronosyltransferase Drosophila melanogaster 61.13 4.00E-72
c49401_g1_il - A 1711 glucuronosyltransferase Drosophila melanogaster 86.23 6.00E-92
¢52070_g1_il - - 1925 Ugt86Da Drosophila melanogaster 94.51 2.00E-70
Chitinase
c47435_g1_il - - 1813 Chitinase 2 Drosophila melanogaster 91.12 2.00E-148
c48153_gl_il - - 2674 Cht5 Drosophila melanogaster 68.91 0
c48871_g2_il - - 2679 Cht7 Drosophila melanogaster 56.27 0
Actin
c41462_gl_il - A 298 Muscle-specific protein 300 kDa Drosophila melanogaster 0.6 3.00E-24
c45002_g1_il - A 645 Muscle-specific protein 300 kDa Drosophila melanogaster 12 2.00E-37
c45847_g1_i3 - - 625 Actin filament Drosophila melanogaster 5.45 0.00009
c45775_g2_il - A 764 Calpain-A Drosophila melanogaster 26.69 3.00E-26
c45775_g2_il - A 764 Calpain-A Drosophila melanogaster 26.69 3.00E-26

*The expression level of each contig can be divided into upregulation (log:Fc>2), downregulation (log.Fc<-2), and not
meaningful (-2<logzFc<2) compared to the control. 2<log Fc<10: A; 10<logoFc<50: A A; -10<log,Fc<-2: '¥; -50<logFc<-10:
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#7g WHsKBruey et al, 2000) ol st FAHNH] o
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o] keIt o)A Zute|e] W77t 41°C 1 =
2o A A w=E2HIS W, udAol
Hsp239] o] §43] F7FetHArrigo, 1987)+ Hals}
AX| gk

239 A5 kst B FHAIR), SEolE, @t
s} GA[FESFEAA & 2(SOD), catalase, =F-EFA-2ZAt
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Table 3. Heat shock proteins and catalase identified from fat body transcriptome of P. xylostella
H Expression” _, \ath (bp)  Descripti Speci C E-Val
con —— . Len escription ecies overage -Value
8 25C  35C 8 P P P 8
Heat shock protein
c44076_g1_il - - 337 HSP68 Drosophila melanogaster 16.06 3.00E-27
c48023_g1_il - A 1047 HSP23 Drosophila melanogaster 53.23 8.00E-13
Catalase
c53547_g1_il - A 1784 Catalase Drosophila melanogaster 98.42 0

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

3tas], sdEEdil, 284 Ql0, HIENIC, E, A, D3),
7}EEmolE Fo] ltKGrazyna et al, 2017; Lindmark-
Mansson and Akesson, 2000). £3] §45S FAAIAS
sl A(SOD) Y, B2 ABAIA kst 285 doitk
e A AN ol EAES ERlskIth
s SR ABAI7E SODE Ml A
A 47) contigs(c45955_g1_il, c54183_gl_il, c54183_
g4 i2, c47221_gl_il)7} EgHNoY, 259 ek
RS TR Stk A B R AEAT]E S
AZ= 1709 contigZt T HEAT, A2 HARA AR W
o] Z7}¥I9tHTable 3).

AEH 20 A 3 52-Eo A= AEAEP450, UDP-
Frolas, SFEAR S HMgah Fol| ottt 5olA
NEZEPA500] S 37160712 TRFsitHLee et al,
2010; Strode et al, 2008) st gell B2l A&
HESE dhde] AEF2 A6 &3k 5ol dlguksel
Holshz FAEE 7164 Rzl s BEHA S
ok A P450 A w BEAolr QPgshEof 9l
70 AFHAAR Y9A$} (Thomas, 2007). 25 3%
ZFoN HEHQ P450 FHAE FolAM(Strode et al,
2008), Cyp302al, Cyp306al, Cyp307al, Cyp307a2,
Cyp314al, Cyp315al, Cypl8al FHAES 4T =¥l
20-hydroxyecdysone®] A83d, &4 4 B84l wofditt
(Guittard ef al, 2011, Rewitz and Gilbert, 2008).
Cypdgl> A Adrtell #ofshs(Gutierrez et al, 2007),
Cyp4gl5+ A7AAlA HH Tt Maibeche-Coisne et al,
2000). AETFE P450E st 2HE B9 250 ATA
o] FQ3k 8-S SitlBalabanidou et al, 2016;
Kaplanoglu et al, 2017; Peyser et al, 2017). 55114
o] kel AAR|ellA AlEAE P4502] 157] contigs 215}
St Table 4). 32| 9} 27164 DDT Al A3/l o]
b kR g%l CYP6 family®ll 43h= contigi= 97
2, 2 FAAHeAE CYP6a2, 6gl, 6g2-, familyollx W
#o] $7}E90aL, vHE CYP6a2l, 6d5, CYPY familyddl->
278} 2polE HolA] oSkth(Table 4).

UDP-3H0]| E4UGT)+ AL thefst A5 4k 7}
A= &3t 7 oAl UDP-glycosidedlX & 152

A FAAA W EHE el #ejdith. UGTE 3
=28 et al, 2017; Pan et al, 2018), 73MH3(Hopkins
and Kramer, 1992), 24:31k3- (Casique-Arroyo et al,
2014), ++529] A3/ (Kaplanoglu et al, 2017)°l % o st
b A Qlek wiEEUPTe] AabAlelA 2708 UGT
contigd FRISIITE & A= tlxTe} & AolE A
o]A] ¢St Table 4).

FFEA L S 7o) G4 (GST)= A4 #ut ohg} o]d
4, =59 A5 2l el S =FEA
o] BEE FuldttKPavlidi ef al, 2018; Xu et al,
2015). GST+= wAFo] A1, ofe] 7HA] oe-g sk A
o7 Huwrol] glom, F 75 JHEdS dlmste] Az
Q8 thildou} siato] HEgekA] X3teF she Zow &
A otk 258 ofAl AR 7oA, GST A7 e
AFAE FEISAIIAY, AEIE P40 FEE carboxyl
cholinesterases ¢ 2> 35847t THe0] U= 241 Akt
&l 2837 E stk GSTst &FERAE H7HEeo 2 2
o2l QItiHabig et al, 1974; Mannervik, 1985). 37}
WSS Bek oA AL 71, FE AR EA, Ak
Al 5 o] T AFAlIA BaE il QItkEnayati ef al,
2005; Li et al, 2007; Riveron et al, 2014; Yamamoto
and Yamada, 2016). 25A= 24290 54 o]ge, A3}
AEYAE sl SAE dod 4 glom, A4l
hydroperoxidesE /3 %tHAbdollahi ef al, 2004). ¥
GSTs= Mtstasd A4S Hol™(Lumjuan ef al, 2005;
Yamamoto et al, 2009) lipid hydroperoxides®] -l
ot TS Fgoma A ow Ao 7]ofgttt GSTs
= ol TolabA] o= F-919] At} ARl E FeiA Fula
ot APAE doFItiYamamoto ef al, 2009; Wilding
et al, 2015). WiFF L] W AAR oA 14709] contig
7h GRlEglon, HpES tixTtet E AfolE HolA| ¢
skout (A3u|AA), o= T D1, Z1, O3 isoforme 4Tt
o] 7143513ltHTable 4).

ool As Qokeld, 12 wFd wiFH il

1



Transcriptome of Plutella xylostella larval fat body 329

Table 4. Detoxification genes identified from fat body transcriptome of P. xylostella

. Expression* o .
contig ——— .~ Length (bp) Description Species Coverage E-Value
25C  35C
Cytochrome P450
c48515_gl1 _il - A 2780 Cypba2 Drosophila melanogaster 94.47 4.00E-95
c52395_g1_il - A 1768 Cyp6a2 Drosophila melanogaster 94.66 8.00E-76
c49434 g1 _il - A 1786 Cyp6a2 Drosophila melanogaster 95.85 1.00E-98
c52426_gl_il - A 2677 Cyp6a2 Drosophila melanogaster 99.41 8.00E-71
c46326_g?2_il - - 609 Cypb6a2l Drosophila melanogaster 35.91 3.00E-28
c50258_g1_il - - 565 Cyp6d5 Drosophila melanogaster 36.22 5.00E-14
c46659_gl_il - A 1642 Cypogl Drosophila melanogaster 37.6 2.00E-31
c47201_g1_i3 - A 939 Cypbg2 Drosophila melanogaster 33.53 7.00E-31
c52468_g1_i3 - A 830 Cypbg2 Drosophila melanogaster 48.55 3.00E-31
c43715_g2_il - - 869 Cyp9bl Drosophila melanogaster 53.86 1.00E-36
c48673_g?2_il - - 1629 Cyp9f2 Drosophila melanogaster 69.57 5.00E-71
c49249_g1 _il - - 1772 Cyp9f2 Drosophila melanogaster 100 2.00E-88
c36866_gl_il - - 429 Cyp9f2 Drosophila melanogaster 27.52 1.00E-21
c47084_gl_il - - 1666 Cypl2a4 Drosophila melanogaster 95.52 5.00E-84
c49988_g1_il - A 1971 Cyp301al Drosophila melanogaster 83.18 4.00E-25
UDP-glycosyltransterase
c49639_gl_il - - 1807 Ugt35a Drosophila melanogaster 86.03 2.00E-50
c52070_g1_il - - 1925 Ugt86Da Drosophila melanogaster 94.51 2.00E-70
Glutathione S transferase
c44544 g1 _il - v 1120 GST D1 Drosophila melanogaster 98.09 7.00E-67
c24768_gl_il - v 1756 GST 71 Drosophila melanogaster 84.55 2.00E-44
c43439_gl_il - v 602 GST O3 Drosophila melanogaster 69.29 5.00E-47

é*The expression level of each contig can be divided into upregulation (log:Fc>2), downregulation (logoFc<-2), and not§
- meaningful (-2<logFc<2) compared to the control. 2<logoFc<10: A; 10<logoFc<50: A A; -10<logFe<-2: ¥; -50<
- logoFe<-10: v'W 5

gk AL SFEAE § Folgiolgint oldd Ai=S < 23]y HAaEgih o)) Aik= 71eRske] Fa1ldl
715Hste] o419l 2diste] digt siFe £k Ae =d3tel] gk sl Aed] tet 2465 olslist=T
A e olaishztl 7| 2ARE AN Ao 7|2ARE AAE
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