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Comparison of Gene Expression in Larval Fat Body of Helicoverpa assulta

in Different Temperature Conditions
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ABSTRACT: Insects are known to live at wide range of temperature, but can not survive when they are exposed to over 40 C or below
supercooling point. The larvae of Helicoverpa assulta have been reared at high (35°C), low (3 to 10°C), and room temperature (25 C; control).
To identify stress-related genes, the transcriptomes of fat body have been analyzed. Genes such as cuticular proteins, fatty acyl A9
desaturase and glycerol 3 phosphate dehydrogenase were up-regulated whereas chitin synthase, catalase, and UDP-glycosyltransferase
were down-regulated at low temperature. Superoxide dismutase, metallothionein 2, phosphoenolpyruvate carboxykinase and trehalose
transporter have been up-regulated at high temperature. In addition, expressions of heat shock protein and glutathione peroxidase were
increased at high temperature, but decreased at low temperature. These temperature-specific expressed genes can be available as markers
for climate change of insect pests.
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£2x1cm (7}2 x A|2)2 Za} ARS-87] 0 g ahe] ) A3
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Fig. 1. Gene ontology of the fat body transcriptome in Helicoverpa
assulta. All contigs from cDNA of the fat body in H. assulta were
converted into six-frame translational products and GO-annotated
from protein sequence database of NCBI. The proteins with
associated GO terms, molecular function, biological process and
cellular component were grouped.

Table 1. Summary of the statistics of RNA-Seq and de novo assembly of Helicverpa assulta fat body cells

Sample HAFB_3-10

HAFB_25 HAFB_35

Total obtained bp 12,228,744,680

Trimmed total base 11,498,191,108
Total assembled bases

Total trinity transcripts

Total trinity ‘genes’

Range of contig length

Mean contig length

12,225,454,504
11,515,646,818
70,557,160
85,445
66,172
201-15,699
825

13,624,518,422
12,790,123,799
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Fig. 2. Heat map of two-way hierarchial clustering using Z-score
for normalizing value among fat body transcripts in H. assulta.
The red areas indicate temperature-specific gene expression.
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2 AT} o]%(cryoprotectant-related proteins) 2] AALA S
Aok &7 e Hstol BElste] o] Lo}
= 7] thlZ(cuticular protein)-& ol tist A& =7}
o} HHsto] 223t IS 5= 7 o & A A It Andersen,
2010; Sugumaran, 2010; Vincent, 2009). £3] ~E |20 Tj
T a3 2 glycineo] &5 Hu|Thill A o) W 5 frE=dh= A
6 2 d#A It Bouhin et al., 1992; Zhang et al., 2008). ]
L 2 RpA o AR =5 2ol 3£ 9] el A O] contig= 58

Table 2. Structure-related protein genes identified from fat body transcriptome of Helicoverpa assulta

Contig o lli))i(;;ressw;s T Lz:gf)t h Description Species COZ;; )a £ E-value
Cuticular protein
c65421 gl il AAAA - 726  Cuticular protein 49Aa  Drosophila melanogaster 66.0 1.00E-44
cl3393 gl il AAA - 1546  Cuticular protein 49Ah  Drosophila melanogaster 77.4 8.00E-43
c21578 gl i2 AAAA - 597  Cuticular protein 62Bc  Drosophila melanogaster 61.7 5.00E-40
c25150 gl il AA - 1492 Cuticular protein 65Az  Drosophila melanogaster 70.3 6.00E-18
c39411 gl il AAAA - 550  Cuticular protein 65Av  Drosophila melanogaster 62.2 4.00E-22
¢25571 g3 il AA - 1354  Cuticular protein 65Ax2  Drosophila melanogaster 78.4 7.00E-31
c30874 gl il AA - 881  Cuticular protein 97Ea  Drosophila melanogaster 73.0 1.00E-25
c27100 gl il AA - 1357  Cuticular protein 100A  Drosophila melanogaster 60.6 1.00E-41
Chitin synthase
c35725 g2 il vv - 1878  UDP-glycosyltransferase Drosophila melanogaster 91.1 2.00E-82
c31686 gl il v - 1938  Glucuronosyltransferase  Drosophila melanogaster 91.7 1.00E-83

*The expression level of each contig can be divided into upregulation (log,Fc>2), downregulation (log,Fc<-2), and not meaningful
(-2<logyFc<2) compared to the control. 2<log,Fc<10, A; 10<log,Fc<50, A A; 50<log,Fc<100, A A A; 100<log,Fc, AAAA;
-10<log,Fc<-2, ¥; -50<log,Fc<-10, ¥ ¥; -100<log,Fc<-50, ¥ ¥ ¥; log,Fc<-100, VV V V¥,
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7HolH, A2 AFA| 9] contig 7} T AL ZAAFA| 9] contig
Ho}p g gfo] thA| = EQth(Table 2). o] Eu]thl 2 of
W o) 2fo|7} & Al2of| TAE AEH AL} o WS
go] Qli= A 0= Akt E3t 3#9]5-0] /o] 7| €(chitin)
o Aol T aAsE R =, A EA Y 7]
El3}A] & Ax(chitin synthase)= AR = 1.2 W& Ao v|s|
QUTE 0] A A 2o A H5-0) &= 7) =0l x| AL, gujof I Q.
I 323 eHgo] gs| dojd P art gl 2017 tlEl A

_\‘11
alol= tlTable 2).
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A0 2 A A i Goto and Kimura, 1998).
A 27]0= 85400 F= dHo] Qe Aor HiEglo
U, A, 2o, 21 0] A Sof Bolshs Aol wal Ak
(Stétina et al., 2015; Colinet et al., 2010; Sang et al., 2012;
Garcia-Reina et al., 2017). dHF¥ o2 = A= 3H7
Harad Wstof| tf-shs oAl AlE ] e, EFATH
A2 A Z7} 50 s =g Aol ke A E o] Al
H3osl= Aog Ad#A Qi(Cai et al., 2017; Basha et al.,
2012). o] AN E L 27 A7) SRS wl, Al
A e EE R 312 o] Q]of| ke of 2] ZEA] TRt A=
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2} Hsp60, Hsp70 & Hsp90 family 502 E= $Hcl(King
and MacRae, 2015). 30 kDa ©]3}2] @5 AThl A2 o}2] A&
12| 71550 YA #] ¢hgkom, Hsp40-2 Hsp709] co-factor
2 oelA] 9L, Hsp602 Ehal 3, Hop70 e 93]
1t ol 2} heat stresso]l Tl W24 2EA Tk Hsp902-

AEH|Ro|= 487 9 AALQIRtranscription factor) 2 2185
™, Hsp1042} Hsp110-> =3+ 2= 0] W& 2HA gtch o] &
7H gho] A Hsp70-2 A2 RISke wivt g4 sfar vzt
SHA| HE-g-sho] et o) S Hlnh Fufube] AgA
of| Al Hsp60, Hsp68, Hsp70, Hsp902] contig”Z} Q1=
(Table 3). A WA k= 112 A A d5At
o] 7 = AeFS Ho=t|(Table 3), o] 22
gl 2-of] TRt AkE §8tA717] QI3 Rk 2 & o]

Bt T2 371 Al A4 F 28 A aclof o5
oF7| ¥t} B/dAkaxo] Mgt A AAEAL S =
ABIAEG AE AO7|al Al B4 o] JRkE A |
Tl Guarente and Kenyon, 2000; Cutler, 1991; Droge, 2002;
Finkel and Holbrook, 2000; Tasaki et al., 2017). 3}Ak8}a 4 9]
7158 71 f A2 catalase, superoxide dismutase (SOD),
glutathione peroxidase 50| 1o, o] 52 F2 AZAL} A
SO A BRSO & QIg S A E ISR A = e
A|AH(SOD), E& Zl13Ncatalase, glutathione peroxidase)A]#]
FALS} Z1-g-of| ko] Bt Aucoin et al., 1991; Wang et al., 2001;
Weirich et al., 2002; Lomate et al., 2015). Wf2}A] o]& 45
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29122 o] A2 31 T (Halliwell, 2007), SODL 2] % 2]

& superoxide 0] A/ o] T | &= AN H49S 7HA
L IS H,0,) S AJA S| S Tasaki et al., 2017).
o] 2 wre Aol A Ak e A5 Eel
Sttt S E IS A R HEIA7]= SOD= 112 A
Ao 4] o] F7FsEaL, Al AAAe a2
Aol 5 Holz] ¢hQIthTable 4). Iilelras B2 HEA7
+ catalase= 17]1¢] contig7} 578 ¥ 21 aL, A HAA oA =
Hglo] ZHasstgl o, tia el a1 HAR oA & 2ol & K

o] kot g catalase} o] IATIpAE EE HTHA|

Table 3. Heat shock proteins identified from fat body transcriptome of Helicoverpa assulta

Contig T l?)(;]i)éessu;: T L(el?f)th Description Species COE/;: )a £ E-value
Heat shock protein
c29154 gl il - A 1690  Hsp90 cochaperone Cdc37 Drosophila virilis 100.0  5.00E-124
c26934 gl il VvV - 1871  Heat shock protein 60 Drosophila melanogaster 94.8 0
c36411 g2 il v - 2230  Heat shock protein 68 Drosophila melanogaster 95.6 0
c30499 gl il VvV - 2289  Heat shock protein 70 Drosophila simulans 100.0 0
c32345 gl il - A 2078  Hsc/Hsp70-interacting protein Drosophila melanogaster 63.4 1.00E-58

*The expression level of each contig can be divided into upregulation (log,Fc>2), downregulation (log,Fc<-2), and not meaningful
(-2<logyFc<2) compared to the control. 2<log,Fc<10, A; 10<log,Fc<50, A A; 50<log,Fc<100, A A A; 100<log,Fc, AAAA;
-10<log,Fc<-2, ¥; -50<log,Fc<-10, ¥ ¥; -100<log,Fc<-50, ¥ ¥ ¥; log,Fc<-100, VV V V¥,
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Table 4. Antioxidant enzymes identified from fat body transcriptome of Helicoverpa assulta

Contig . lEopigressmss T L?gf)t h Description Species COZ;: )a £ E.value

Catalase

c30877 gl il v - 2040 Catalase Drosophila melanogaster 98.4 0
Superoxide dismutase

c27651 gl il - A 630  Superoxide dismutase 2 Drosophila melanogaster 20.7 3.00E-10
Glutathione peroxidase

c31932 g2 i2 v - 726  Glutathione peroxidase  Drosophila melanogaster 45.8 7.00E-22

c30224 g1 i5 v - 1003  Glutathione peroxidase  Drosophila melanogaster 77.1 3.00E-47

c24622 gl il VwvVwVW AAA 715 Glutathione peroxidase  Drosophila melanogaster 78.7 3.00E-27

c31788 g1 il v - 750  Glutathione peroxidase  Drosophila melanogaster 71.5 3.00E-30

c26468 g3 il v A 860  Glutathione peroxidase = Drosophila melanogaster 78.3 3.00E-54

c31618 g2 il VwvVwYVWY A 847  Glutathione peroxidase  Drosophila melanogaster 77.5 2.00E-30

*The expression level of each contig can be divided into up-regulation (log,Fc>2), down-regulation (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; 50<log,Fc<100, A A A; 100<log,Fc, AAAA;
-10<log,Fc<-2, ¥; -50<log,Fc<-10, ¥ ¥; -100<log,Fc<-50, ¥ ¥ ¥; log,Fc<-100, VV V V.

7]+= glutathione peroxidase+= 671 2] contig”7} 21 %] ¢1 11, A
& AAHA ol A = A I o] gt Wk, 312 FA AR of| 4]
o] HlSal AL 79l ol AL ALz AR 1
oA S A 2hds] dofdol wh ke
At 2715l A0 ofafat 4 ST Table 4).
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Glutathione S transferase 5-¢] ToJ gttt cytochrome P450 &
it 250) BE 2o A WHEEl Tl A, cedysteroid2}
ofg 20| M} Zoll 2 e 2P| thAKEl=2-E-=
L5h o] o] 2= theket Aslehd Qg S=3gtti(Feyereisen,
1999). o] 2|3t Theft 7|62 vt =0l offt Ao = 25
o Ao} o 10091 7)8] §475o] EAJgc}. Cytochrome
P4s0L 4G 24 ol o) AR o] Ak ofe
< 3IcK(Li et al., 2007; Hemingway et al., 2004). 0|72 &
Ao ch S F) cheyst B0l et SSL-8-S A
2 BT 4 ol BATIARoR ofal 4 ik Bibgol
& HARA 9| A Cytochrome P4502] 107} contigs& &1
. AL Ao A= CYP4, 6a2, 12 family 2] EH&o] Zh4s
Wk, 312 A= CYP6al7, 6d4, 9f29] ¥ o] F71st
o} 318 A A] CYPY family WS o 2R T} =9k
of, A2 HAAE 2R e vtk
Metallothionein2 cyteine©| S-5-3F T A= T2 Hof ¢
A&tk o] T2 ARl A o 2 Fa 3t 540](Cu, Zn, Se)
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HE NEZE B 53K Sharma, et al., 2013; Ruttkay-Nedecky
et al., 2013; Andrews, 2000; Klaassen et al., 2009). w}2}A]
metallothionein-2 superoxidel} hydroxy radical ¥} Z-2 93}
S ARSHES s2elste] sfl=atbyof Hhofdich guuge] HAL
Alol| A= 17]9] contig & 578 SFA AL, A2} 312 A =5
ool ] A whalo] 27k ShIskT(Table 5).
UDP-glycosyltransferase (UGT)+= ZFal Thofst 44 B
£ 7= 243 DHsugar) F-oJ2HQ] UDP-glycoside | A
I3 glycosylation) 2710 o SFCAhn et al., 2012). UDP-
glycosyltransferase= =218 #qt ofu] 2} A 29| H3hik-g-
(Hopkins and Kramer, 1992), A 4-31H-3(Wiesen et al., 1994;
Mizokami and Yoshitama, 2009) @ Z}Z{Robertson et al., 1999;
Wang et al., 1999; Ahn et al., 2011)of| %= Tods= Z 0.2 o
] it Ffupe] Aol A 2711 2] UDP-glycosyltransferase
contigs S BeI5FTE TR AN 2 T0l 2 Ao B
o17] Q9Eor}, A& FAOIAE £214} wlo] skt
(Table 5).

Glutathione S transferase (GST)+= 3| =2H-2-2& 95) <&
Aol ey SFEA| 20| 215 FZuliglth GST+= A 6719
subfamily (delta, epsilon, omega, sigma, theta, zeta) & U+=C}
(Fang, 2012). GST®] ¥ 7|52 =42 sssto] A2
o T3t Aot Akl HEEEHA] HSHeS Sh= A
224 9lth(Ranson and Hemingway, 2005). Sraljuirto] via]
ZAAHA oA 971 contigZ} SHQ1E| 1AL, A2 HAR= DI, E2,
E4, O3 isoform?] ¥H&o] Z£7}8}9 a1, 3-8 AAA = D1, D7




Table 5. Detoxification genes identified from fat body transcriptome of Helicoverpa assulta

Contig . lEopigressmss T L?gf)t h Description Species COZ;: )a £ E.value
Cytochrome P450
c20019 g1 il v - 1785 Cyp4d2 Drosophila melanogaster 93.8 3.00E-127
c25536 g1 il v - 1839 Cyp4c3 Drosophila melanogaster 92.0 7.00E-118
c30646 g2 il v - 1480 Cyp4c3 Drosophila melanogaster 82.6 4.00E-100
c29324 ¢l i2 v - 1188 Cyp4d2 Drosophila melanogaster 74.1 3.00E-72
c30209 g2 il v - 1063 Cyp6a2 Drosophila melanogaster 70.4 2.00E-53
c36089 g1 i4 v - 2108 Cyp6a2 Drosophila melanogaster 98.8 2.00E-102
¢32700 g1 il - A 2292 Cyp6al7 Drosophila melanogaster 92.8 6.00E-72
c34345 g1 il - A 1764 Cyp6d4 Drosophila melanogaster 98.3 2.00E-75
c33152_g4 il - AA 1641 Cyp91f2 Drosophila melanogaster 95.4 1.00E-109
c34276 g2 il v A 3187 Cypl2a5 Drosophila melanogaster 97.0 7.00E-86
Metallothionein 2
c36059 g8 i2 - A 1162 Metallothionein B Drosophila melanogaster 74.4 6.00E-06
UDP-glycosyltransferase
¢33103 gl il v - 1756 Ugt 35b Drosophila melanogaster 85.5 1.00E-63
c35725 g2 il vv - 1878 Ugt Drosophila melanogaster 91.1 2.00E-82
Glutathione S transferase
¢32940 g1 il A A 1323 GST D1 Drosophila melanogaster 97.6 6.00E-67
c31469 g2 il - A 996 GST D7 Anopheles gambiae 95.9 4.00E-70
c21622 gl il A - 889 GST E2 Drosophila melanogaster 97.3 8.00E-38
c29540 gl il A - 891 GST E4 Drosophila melanogaster 92.3 1.00E-57
c27857 gl il v - 1117 GSTE7 Drosophila melanogaster 90.0 5.00E-59
c25294 ¢1 il v - 960 GSTE7 Drosophila melanogaster 93.0 2.00E-61
c23661 gl i4 vv - 1282 GSTEI11 Drosophila melanogaster 89.8 3.00E-37
c32932 gl i2 v - 928 GSTE12 Drosophila melanogaster 95.1 1.00E-39
c27066 g1 il A - 1005 GST O3 Drosophila melanogaster 94.6 2.00E-47

*The expression level of each contig can be divided into up-regulation (log,Fc>2), down-regulation (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; 50<log,Fc<100, A A A; 100<log,Fc, AAAA;
-10<log,Fc<-2, ¥; -50<log,Fc<-10, ¥ ¥; -100<log,Fc<-50, ¥ ¥ ¥; log,Fc<-100, VV V V¥,

isoform 2] G- 2} ¥r& o] =715t Table 5).

ARA W] A Az wstel tlste] A4 A9 S5t
4 W phospholipase AS Z4] 314 7]+= gl 2 3} enoyl-CoA
hydratase7} o g}, A|zuf 2847 o Ao A a3}
&= gel Hl = H8loh= 213 H[ S Aol A Aoz Q1
S FEAT]E S8 A F2 shto]th(Drobnis et al.,
1993). EZA At 5= F7 s Aol A Al EEhe] ek A
BHE FASHE H 583 AT ek =3 ol 2Rk sk
#|-2-of that 232] WH4(cold tolerance) 2} F-H v} 2 =] o]
A7) wiizoll 1 212)78 &f -4 o] wlf-9- F- 2 5}tH(Bashan, 2005).
AL A9 328k a A Al Efo]| Gl SRt 549

Zof| e} ghagho] o] FAE Ak =M o Higt
AT E F7IA T = G S Chung and Carroll, 2015).
2% 279 Yol el A9 BT T e B A
FAo)| = &2 5 &2 3Iti(Eigenheer et al., 2002). Euiub
of kel Ao 47) A|HAE A9 B B}E 40 ek contis
2 ST, A 7148 vle} o] ygke] Tolel &
HAfol7] upizo] o] fAAe] WS 7.2 HAOIH BE &
Al VRt Table 6). RHA 112 AL AR = 210 Zfo]
7} ATk Table 6). 0] 22 AL thA7} igbel] ot of
£ 2A4ske 8% A 2 5 dEe ABlETh

Phospholipase A2 (PLA2)+= glycerol &] = HA| €42 L E| %]
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Table 6. Lipid modification genes identified from fat body transcriptome of Helicoverpa assulta

Contig . lEopigressmss T L?gf)t h Description Species COZ;: )a £ E.value

Fatty acyl delta9 desaturase

c26951 gl il AAAA - 1340 Desaturase 1 Drosophila melanogaster 87.5 3.00E-144

c29444 ¢1 il AA - 2171 Desaturase 1 Drosophila melanogaster 82.3 9.00E-138

c37221 g1 i8 A - 1366 Desaturase 2 Drosophila melanogaster 69.8 8.00E-85

c34581 g1 il A - 2298  Stearoyl-CoA 9-desaturase Drosophila melanogaster 83.6 2.00E-117
Phospholipase A2

c30194 g1 il A - 2126 Phospholipase A2 Drosophila melanogaster 66.9 2.00E-74

*The expression level of each contig can be divided into up-regulation (log,Fc>2), down-regulation (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; 50<log,Fc<100, A A A; 100<log.Fc, AAAA;
-10<log,Fc<-2, ¥; -50<log,Fc<-10, ¥ ¥;-100<log,Fc<-50, ¥ ¥ ¥; log,Fc<-100, VV V V.

HRARS Bty Bojsts 47 35| ¢1%]2 9] sn-2 acyl
bond-2- 21%]3}o] arachidonic acid (AA)£} lysophospholipid-2-
WEste s 7HEsllE SX03th AAE cyclooxygenaseo]|
]38} prostaglandin (PG).L. 2 ¥ 3% 31, PG= A4, EH], WY
o] chagt 4] 4 71550 Bolgick(Stanley and Kim, 2014;
Kim et al., 2018). 17§9] contigE &Q15}5 1L, A2 HARA| ]
A kglo] Z7}5]E) Table 6).

Us2/d=2 2] g3} o 'solli= Glycogen phosphorylase,
Phosphoenolpyruvate carboxykinase, Trehalose transporter,
Glycerol-3-phosphate dehydrogenase 5-¢] 3ofstct. W52
4 B A A A e EH, s dH EdeEETR
ok Aok} ukg-2 A7 glycogenS -85k Aol A A2
oo, W a4 E42 vtead| Holahs 349 2o s
gz Yo Ee&5o] A H= AlolthPark and Kim,
2013; Cha and Lee, 2016). Glycogen phosphorylase /-2
A& 2-8/d& 7= FollA glycerol 76 sorbitol 2Hd ]
ol27)7h) Lo} el ko] 2917 ofahe ol Aew
ol A QJth(Park et al, 2014; Park and Kim, 2013; Kim et al.,
2017). Guliuby A9 2 2E 17} glycogen phosphorylase
contig S SIS, A& 2 72 Ao H 7 ahelo] 74
3} tH Table 7). Phosphoenolpyruvate carboxykinase (PEPK)
A 8 e AEd 0K EEgo] BE o) 5o Tolshu),
triglyceride/fatty acid cycle-2 A%}t Fojubd A YA =
€| 17] PEPK contigE 18} 1L, a2 ARA ol A gk &
o] S7tsk3tK Table 7).

Trehalase (Treh)= T 7]12] glucose EA} AJAT2- $]3] trehalose
2 71 tsfshn] Hofsti oA hilol el Fatt e
27 chitin VR4 Aol 4] LehLhis 3 A S A4, o

], Hel] 9 A2 5o vt AR iAol A Tt ae o

o
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(Thompson, 2003; Shukla, et al., 2015). L&A= 484 &
Efj(Tre-1)} 9hof] A3 FJel(Tre-2) 2 EA5}hH, trehalose2}
trehalose TJAl= 1159 AJZof A4 % o]thMitsumasu et al.,
2005; Mori et al., 2009; Takiguchi et al., 1992). Trehalose FAdo]|
A] 714 2F 2] Al 7 2+= trehalose-6-phosphate synthase (TPS)
2 5 B2X}o] =tfo| UDPL}HE-3-5}¢q uridine-5¢-diphospho-
glucose (UDPG)7} )31, UDP&} 2] ] o] 3Z=h-6-21Ato]
t}. Trehalose-6-phosphate (T6P) 2] A H 2= T6P T<ria
2= &J3] trehalose = 1 $Hel 5, o] F A2 o] 8510 A
ol sFIth L] a1 Aol AT Trel o] & o] Al =
7Pkl om, al2of ojgh Ehet SA AR} o] Y= A
6 7 "lolE|t](Table 7). Glycerol-3-phosphate dehydrogenase =
dihydroxyacetone phosphate (DHAP)E- glycerol-3-phosphate
(G3P)2 AT 7k} 5 0 2 GIPS DHAPR A 7]
A ook whhA] A2 AdEfoll A A A f SEAlE A e
£ 7k 8% 3a0)7]= s o |A|E THes I ol A
=M E25E DHAPE vHEo] s Eaf AUAE
st 2EAIE S=E W& 4 ek A2 A oA G3P
dehydrogenase contig= AR} HHa o] ZHAE QI oLy, 112 A
Ao A= 22 2 2fo] S Hol A] ¢hQtTHTable 7).
ool A FHoHH, xS et o) =58
[e)

ot
£
i
ol
1o
jo
Nv
rlo
l
o,
fo
H
N
My
2
3
ra
D)
1o
i3
el
E=)
)
o
et

PHIS & 4 9lok Aol & BH 5Ol §AHAE B
T, A9 Sk 4, FEAE 3L Ep A g Ao, A2
oA Q.37 WFao| Yol f-Hx = 7|8l A a4, catalase,
UDP-g o] i o] o, o 4] S Wl el §2He 7}
AFSHEA| A & 4, metallothionein2, phosphenolpyruvate carbo-
xykinase, trehalose >-RFA| Tl 2 o] Qlrt. A1-2of| A a1 #f-2-0f

A G2 23] WS Wl A B AT, glutathione



Table 7. Cryoprotectant mobilization genes identified from fat body transcriptome of Helicoverpa assulta

Contig . lEopigressmss T L?gf)t h Description Species COZ;S‘ £ E-Value
Glycogen phosphorylase
c36713 gl il v v 3776  Glycogen phosphorylase Drosophila melanogaster 99.1 0
Phosphoenolpyruvate carboxykinase
c34585 g1 il - A 2164  Phosphoenolpyruvate Drosophila melanogaster 85.2 0
carboxykinase
Trehalose transporter
c38609 g1 il - A 3441  Trehalose transporter Tretl Apis mellifera ligustica 88.3 4.00E-78
c32880 g1 il - A 1974  Trehalose transporter Tretl Aedes aegypti 54.6 2.00E-48
c33833 g1 il - A 1597  Trehalose transporter Tretl Polypedilum vanderplanki ~ 88.9 6.00E-46
c35846 g1 il - A 2058  Trehalose transporter Tretl Apis mellifera ligustica 84.9 4.00E-42
c32761 gl il - AA 1791  Trehalose transporter Tretl Polypedilum vanderplanki ~ 88.7 8.00E-47
Glycerol 3 phosphate dehydrogenase
c33681 gl il v - 2243  Glycerol 3 phosphate Drosophila melanogaster 96.7 0
dehydrogenase

*The expression level of each contig can be divided into up-regulation (log,Fc>2), down-regulation (log,Fc<-2), and not meaningful
(-2<log;Fc<2) compared to the control. 2<log,Fc<10, 4A; 10<log,Fc<50, A A; 50<log,Fc<100, A A A; 100<log.Fc, AAAA;
-10<log,Fc<-2, ¥; -50<log,Fc<-10, ¥ ¥; -100<log,Fc<-50, ¥ ¥ ¥; log,Fc<-100, VV V V¥,

peroxidaseO]E}. o5 & Eo|Fo| A} )23 )
= A= 71 RSt B SolutAR ghgo] 7 A
o7 AlmgFch

Ab A}

7 55 ATAFA(IA 3 PI012307) 2]
A
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