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Insect and GenBank accession numbers used for Tpx

Table 1

amino acid sequence alignment and phylogenetic tree

Bl GenBank & g5
Insect GenBank admission
WHTIE H. vitessoides MFE521978
M4 0 H. armigera ABW96360.2

K& B. mori NP_001037083.1

HAEHRAE D, melanogaster NP_477510.1
WAEIR W I Z. nevadensis KDRO08683.1
M L. niger KMQ99389.1

INEWE AL florea XP 003696173.1

B A. mellifera XP_003249289.1
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5 min; 95 ‘CAEPE 10 5,60 CE M 20 s .3 40 NG
540 CHRH1 30 s, SERT 962 2 PCR A X A .
DEPC /K,

SR K O A

PCR % ik & i %€ . DA 2% B 45

Tpx IR 235 5 AR E S ok I e A& s
eIk DL Tpo 7F 4 #4432k B oM AR
WES ke I s HL A 4l HUAS 4 21 33k i, DA B B U
2 H L Tpa 193635 5 AR i 2 i i H iR
FHRAL B Fe Ik &L LA 25 CHE IR SR 0 4 % 0 B iE 4
W Tpa Fik &8 AR S 58RI E H A R 6] I B 1
HFMERSE, BOEARIET I KRERE. B
cDNABEMR Y T pa FIXT R IR G 2722 HIXF &
WIS . RT-qPCR £4 fi FH SPSS 18.0 4 i
4T Duncan’s B H E 7 22 451 (ANOVA) I i &
2555 BT (B FE MR I K F «=0.05)

2 ERG5H5MH

21 ERFIREBEERFTI S

A A X W oA SR A S AT R L 4
NCBI #£ £k Blast [a] ¥4 Hox, 9 3% H— 58 5%
ORF W )7 9, B & N B B IR Tpx W, w2 N
HoTpx (GenBank: MF521978) , 1% )% %1 JT 7 17 1%

HEK N 588 bp, dhgmfi 195 N LM/ (K 1), HE )
Wi AR TR 21.816 ku, & & pl N

1 ATGCCGCTCCAGCTGACCAAGCCCGCGCCCCAATTCAAGACCACAGCTGTGGTGAATGGCGAGTTCAAGGACATCTCGCTCTCCGACTAC

1 M P L QL

T K PAPQFIKTTAUVYV
[ J ()

NGEFKDIELSDY

A
91 AAGGGCAAATATGTCGTGCTTTTCTTCTACCCCCTGGACTTCACGTTCGTGTGCCCAACTGAAATCATCGCTTTCTCCGAGGCCGCTGAC

31 KGKYVVLFFYPL

D F TFV

cpPTETITILIAFGSEAAD

181 GATTTCAAAAAGATCGGATGCGAAGTGATCGCCGCCTCCACAGATTCGCACTTCACTCACTTGGCTTGGATCAACACTCCCCGCAAACAA

61 D F K K I
271
91 G G L
361
121 I P F
451
151 E T L R
541
181 K P DT KA AQEY FV
631

G C E VI

G PMNTIPTIL

R G L F I 1

LV QAFQF

AASTDSHF
GGCGGCCTCGGCCCCATGAACATCCCGATCCTGAGCGACAAGTCGCACCGCATCGCGCGCGACTACGGCGTGCTCAACGAGGAGTCCGGC
S DKSHRTIARDYG GV L
ATCCCATTCCGCGGTCTCTTCATCATCGACGACAAGCAGAACCTGAGGCAGATCACAGTCAACGATCTGCCCGTCGGACGGTCGGTGGAG
D DK QN
GAGACGCTGCGCCTGGTGCAGGCGTTCCAGTTCACGGACAAGAACGGCGAGGTGTgCCCCGCCAACTGGCGGCCGGGCGCCAAGACCATC
T D KNGEV
AAGCCCGACACCAAGGCTGCGCAGGAGTACTTCGTCGACGCCAACTAACCGCCGCAGCCCCCCGCACCGCGCACCCCTCACCCCGCTCGC
D A N %

TAGGTGCTGCGATGTACTTTTCTCGCCGTTTCGATGGAATAACTATGCAACCGTATTAATTATGTTCGTGAATATTCTCGCAAATCGACA

T HLAWTINTPRKNAQ

NE E S G

RQ I T VNDILZPV GRSV E

CPANWRPGAKTI

721 ACTTGTAAAGGATTTTCTTTAGTGTTATGAGAAACTATTATATATGTGGCTATAGTACTCTAGTTTTACCTACGCTGTTTTAGAGACGTC

811
901
991
1081
1171
1261
1351

1441 AAAAAAAAAA

JA5 I (BRI B = fA % 43 ) 1 ] 22 & #R (Ser) .3
K ZEEwE T (TAA) .,

TR (Thr) (B 2R (Tyr) B #0755

Serine phosphorylation sites, threonine phosphorylation sites, tyrosine phosphorylation sites are underlined with

GCCGTCTCTCAACGTTAGAGCTAAAAAAATATCTAAATGTGTTTGAAATCTCGGTAGCATGACTGAAAATTCCCCCGGTTAGGAAAGAGC
GGGGGTTCGAATCCCATCTGGAACCCGAGACGAGTTGATTTTTTCTAGAAATATGCTTTAGTAGTTTACAAGTACATTGATAGTGACTTA
GTGATGGGTGCGGAGTTGGTTAGTAGATGTCAGATCACTGTCAGATGTTGTTATACAAAAGCATAGTTATTTTATTTTTACGTACCAGTA
AAATGCAAGTAACTAGGCATTCAGTAAATAGTAATCTACAACTGGAATTTATAATTGTGCAACCATTTTTACAAATATAATATGGCAACA
TCTGACTTCATATTGCAGGCAACTGTAGCACGGTCAATTTTTTTATGTTATTCCGTCAGATGGAATGTTTTCGAACGTGCGTTCATGATT
ATTAGTTTATCTCATCCCACAGCGAACTAATATCCCACAGCGAAATAGTTCGAATCTCAGCGTATATGTAATACAGTCTATTGAACAATA
AGTTAGGTGTTTACCAAATGATCAGTATTTACAGAGATCCTATGTAACTTACCGTGAATCGAGGCTGTAATAAATGCTATGTTTAATAAA

s IR Rk B 25 03 51 i W1k I % 7 (ATG)

square,round and triangles respectively. The initiation and termination codons are indicated inlines below and asterisk respectively.

B 1 HEIFE Tox REF

Fig.1

JIRFBHEERF T

Nucleotide and deduced amino acid sequences of Tpx cDNA from H. vitessoides
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BALYIBE Tpx F N W% E TR 59

5.93, AFasE RN 30,37, B8 R % 83.03, Bi/k
ST SRR INZE A REKEA . 55 KSR
TR E A TG TR, B 45 ) 7000 25 S0 36 W% 2R
FCE R, BERR A AL S HoT pa &4 7
A2 IR BE R AT A 11 A IR E BRI BR AL A7 05 .2 A4
i A R W TR AL AV 1
22 ZRHgEH TR RE L B 4R oF 45 438

Xt HvTpx & F#E17 =450 W, 38 0% &R
Catalytic triad *j)

Dimerinterface? . )
Decamer (pentamer of dimers) interface i

FIBY — 9 45 0 iy o B ) 4 it (41,54 %0) | SE i £
(25.64 %) ca BRHE(21.03 %) B A (11.79 %) ¥ 1.,
e 12 B 11 0 35 A A R TT R0 A i
P, AN 5E v B Tpx 8 F1E 778 4H 5
A RETE B K. 69.6 %0, HE DN % 8 11 A7 E T 40 B o
H1. NCBI 9 CDD X HvTpx & F {4 5F 45 4 33 15 i)
Wox, HvTpx & H £ 5 %] 176 {7 4 PRX _
Typ2eys {R5FEE/M B (K 2)

Peroxidatic and resolving cysteines A : A
Specific hits NG << T >

Superfanilies

Thioredoxin_like superfamily

B2 HvTpx EAGRTX M

Fig.2 Conserved domains of HvTpx protein

23 [EREMEEX RHFLRHEE

K BEHFIR Tpx 24 S/ 7 511 15 NCBI £ i v
Fofth 7 P H O OBUME SFEBH R H R R
Tpx IR ¥ ) JE 47 [7) P4k Lo XT3 5 A 4% 1R
(Helicover pa armigera) [a] Y& P ¢ &5, A 87 % » H
W5 R & (Bombyx mori) W FEHEIRZ, N 86% . 5
Hoe R R FEEEA T 75% . S BRI & -2
SR (VCP) DX 1 A~ 155 J5E DR <7 19 36 VR A7 i, 2

H. vitessoides

B. mori .-

H. armigera .. Mg
A. florea MNPVl V
A. mellifera . MAlz

Z. nevadensis
D. melanogaster. .
L. niger ..
Consensus

H. vitessoides
B. mori

H. armigera I
A. florea

A. mellifera

Z. nevadensis

D. melanogaster
L. niger
Consensus

AINTPRK(I GGLGEN
A NTPRKI GGLG AN

H. vitessoides
B. mori

H. armigera

A. florea

A. mellifera

Z. nevadensis
D. melanogaster
L. niger
Consensus

Tpx LB RS, HITE HvTpx AR M 1 .
I DXk, 7R B DL =M B A i, £ W] HvTpx J& Tt
B 2-Cys 25 Tpx, Pro" Ml The" X 2 4~4 FL R 5k 3
A DA AR AL AR E L IR 3 DA kAR e, TR
N IXI A GGLG.YF X 2 285k FETT LIS Tpx X
A R O TR B DL HE AR E (B 3D, B
T MEGA4.0 B 19 Tpx & 2T 5 & 5t
HEALR 14D 7 . B B UE 55 A 4% e J o A st A B

I

VLFFYPLLCFTF VCPTEIJ{/ K GE 08
VLFFYPLCFTF VCPTEIp§/ R 6k 08
VLFFYPLLCFTF VCPTEI}|{/ Ri 6 03
VLFFYPLCFTFVCPTEIp}A E (6K 09
VLFFYPLLCFTF VCPTEI}|/ E 6K 08
VLFFYPLCFTF VCPTEIpY/ K2 6E (9
VLFFYPLCFTFVCPTEI}§ RENNEE (67
VLFFYPLCFTF VCPTEIQYA NOUNeA 67
v viffypldftflvcpfei f i c
s
138
138
138
139
138
139
137
137
194
194
194
194
193
192

190
190

45 IR A R -2 M =R (VCP) X3 L) = M bR s Pro*! Ml The®® LLAT kA5 s GGLG.YF LA HEFRIE ., The valine-cysteine-proline

(VCP) regions are underlined with triangles;Pro''and The'®are marked with arrows; GGLG and YF are marked with boxes.

& 3
Fig.3

HvTpx SEE R H Tpx S £ 8 5 5 bk 3¢

Alignment of HvTpx amino acid sequence with other insect Tpx amino acid sequences
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a1 W IE H. vitessoides
99_|——fﬁ’i'%‘$ H. armigera | % ¥ H Lepidoptera
67 K& B.mori
BIFRWE D. melanogaster — M # H Diptera
WK TNH W Z. nevadensis S H Isoptera
M L. niger
98 /NEIE A florea &8 H Hymenoptera
99 S A mellifera
0.02
B4 FERE Tox REBRFINRELT SN
Fig.4 Phylogenetic analysis of Tpx amino acids from other species
BE 5 RIEPE AT i 45 R — 3K,
24 EEIE Tox BRI RIEHNE -
H RT-qPCR 43 #7 T # WF 85 AR [7] & & B Bt . %) 2 o 5-90a
SR (R L B R [ A AR R IR BE W 3E R = E
HoTpx BEEAX RILR ., 85REV, HoTpx HH H@!% ar 3.36b
- N . . . =& 3f
TE 8 BT MR 25 U, 4 B R R A R B A R AL, & Ze Jl
DR 1t v 3 i R I R O R AR I B RS i
gy BUFRIR B4 2 P9 5.9.3.36 FI 1.17 i, BB Al o5 I i ST
S 22 F R W (P >>0.05) , f AR gt 59 3k Ege  Larva  Pupa  Adult
AR BB

FA T 00 22 5 W2 (P <<0.05) (& 5), %hdi 43
PR RBEA N P kIR R Rm R E R T
XFHR (P <C0.05) , 43 il 2 % JR ) 4.00 A1 1.57 %, 1
R N ORE W7 R B R G & AR W IR T X
(P<C0.05) , 43l & Xf B 0.65 1 0.66 fi5, & 2
B 3L RIEEZA R E (P >0.05) (F 6), HoTpx
5 DRAE 0 A ) S 350 L M S L S L R 3 3R Gk
HABEZER(P<<0.05), K fEEH LR AR RS,
SRR 1.36 i, R FRIB R RAR, X IR 0.09 £
(B 7). DL 25 °CAE Ryt B R BE L T BE Wl 36 0T LA 43
IR 38 A R e . EARIR e R HoT pr 5&
FE 0 CAHM 10 CHEFEXLEEERT X R
(P<C0.05) .46 —15 °C . —5 “CARIRMria T 3% K &3k
R EMET X IR (P<C0.05), # Z [a] 5L H %k 2
SRR E(P>>0.05),5 CARTEM 18 T 5 X% B 2 (1] 5
HEREZESARZE(P>0.05), FEEEBHET,
HoTpax F2HTE 35 °C il e T 5K R ik i i 3%
BT AT RE (P <C0.05) , 78 40 “CiZ 3 [ 1k 5 5 Xt 1R
ERAREP=>0.05) (- 8),

3 i

1 P %8 (reactive oxygen species, ROS) , EE 4]

i#

Different developmental stages

P B AR 2 3 R A B AR R L MRS Duncan’s #LA
I 25 W (ANOVA) K B 35 M 22 50T 4L LR R /NG FH4Q
FKEFRFE(P<0.05) ;8 6,7,8 [7, Small letters indicate signif-
icant differences at P < 0.05 level, according to ANOVA and
Tukey HSD, respectively. The data represent the mean=+ SD of 3

biological repeats. The same as Fig.6,7,8.

B5 Hvipx EREEHFERARLZETMEBHURIE
Fig.5 Expression profiles of HvTpx
in different developmental stages
= 457 4.00:
2 ao0f o
g ool
x5 2
® 4 2.5
= £ 2.0 1.57b
EZ 2 L5 1.00c
TE Lo ’—L‘L ﬂ 0.65d  0.66d
Z 0 [1 T[]
T CK L F 3177 S e 7
Head Body wall Fatbody Midgut
A N I
Different larval tissues
B 6 HvTpx EEEHFEHHPHRIE

Fig.6 The expression level of HvTpx

in the larvae of H. vitessoides
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1.6p

) 1.36

3 14 !
i & 12T 1.00b
1 g 1.op 0.81c
® e 0.8f 0.69d
TE ok 0.56e
oo o °
TZ 04

s 5

= 0.2r 0.09f

& 0.0 - Cl

CK Sk Jgy i) JE b2l
Head Thorax Abdomen Foot Wing
Jik S AN ] AL
Different adult tissues
7 Hvipx BEEEEFERRPHFRE

Fig.7 The expression level of HvTpx

in the adults of H. vitessoides

5.0
4.5
4.0
3.5
3.0
2.5

2.0
39
1.5 1.39b

1.34b
1.0 0.90c

K 1.00c 0.92¢
0.0 0 0 H Ij ﬂ H I-LI

0.5L0.24d 0.22d
15 -5 0 10 25 35 40

(CK)
A [F) b B BE/C

Different temperature

4.32a
T

HHXS R IL &
Relative transcript level

s

w

8§ AREELETEEIE Tox EEMNEXNRIEE
Fig.8 The relative expression levels of HvTpx genes
after exposure to different temperature
i AL A (H, 0,) AR T A 2O, ) H
FA WO D R Y AAEAT A AU A ™ AR
A — 2 B A i 48010 E 0 1Y 5 S8 W B Y BB L IR
20 P S AL T P A A R A AT O AR
FH el 2 i S A5 3% SRR R A R
AN KL SN IR AR 3R 5T N T L AT LU S ROS
AP T B IR ROS X AL ST (945 05, B il
i 3 Bl K Wl Sl B O A BT SR AL A R Rl RN oy
TR AL I SR L DT s S S AR AR
MANKKRETZQFERALER S ALY
(Tpx) » A H ki 28 ALY B (Gpx) 4 b H Ik w5
Pl (GST) . it %8 Ak W) AL Wil (SOD) Hllid %6 1k = il

(CAT) &

Tpx JZAFAE T IR Y 5 HAZ YR N, AR
P AL 72 A PR 57 Y R BEZ R (Cys) SR EERYECH ,
Tpx A VAKX 43 AP K. 1-Cys Tpx Ml 2-Cys Tpx,
T3 Ah s BEAR A 2 B 2 R (Cys) 5% 7 & , 2-Cys Tpx
SUAT R4y S SRS AR BORD 2 20 2 ) AR
Tpx &3 B ¥ 51 43 #1 . HvTpx J& T A8 2-Cys 2

Tpx. AR Tpx WYIfe, SRR HEEANZ
ER G BB (Saccharomyces cerevisiae) %t i S84k &
L AEL A W 1 I BB N 3K il DA TR B v 4 BB R HL R
A HUA AT RE 1 25 5T 2 I R PR A 2 R S M BT AR
{4 H (thiol-specific antioxidant, TSA) B ££ 37 &
H (protector protein, PRROYU, J5 B 44 i 8 b 25
o A . X TR A Eh Y Tex BFE R,
Tpx XFHLAR B I8 45 7 F 32 22 0K B0 78 2t 45 1k 4 401k
M JESEA R T A R A U T R A A L E LR TR A
P A R T, Ok ROIE R R IR
Igctod Ry B AR B R F S IR RELE ] T Tpx fE
PRAP AR W R G 32 A Th B T

1557 B 8 BP MR AN W] & B BB HoT pax 3RIKAR
b R B % DA 7R A v 3R 5K B e O TP R AR
WHFIR HoTpx SR ARG I & HLUP A Rk, U
HAL R I U A A Rk B s X T RE S i 2
2 A A I Al O£ R 4 3 i ) e 2 i O i
FEITA K, HoT pa HePRLE B AU 38 v i 2% 6
it T AR AR AL, AT B8 5 I AR R s o A
Ko WMEREWERARKE AN B S E A
IR 1 R S R R i e S O B e I R =
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Identification and expression analysis of thioredoxin
peroxidase gene in Heortia vitessoides

CHENG Jie LYU Zihao LIN Tong

College of Forestry and Landscape Architecture ,South China Agricultural University ,
Guangzhou 510642 ,China

Abstract To elucidate the expression pattern and effect of temperature stress of thioredoxin peroxi-
dase in Heortia vitessoides (HuvT px) ,the cDNA sequence of HvT px was screened from the transcrip-
tome of the adult H. wvitessoides. The complete open reading frame (ORF) of HvTpx is 588 bp in
length,encoding 195 amino acids. HvTpx is a typical member of the 2-Cys Tpxs family, which showed
the highest similarity with Helicoverpa armigera (87%) and shared similarity above 75% with other
insects. H. wvitessoides and H. armigera were clustered in the same branch in the phylogenetic tree
based on insect thioredoxin peroxidase amino acids. The results of RT-qPCR revealed that the expression
levels of HuT px were higher in adult than in other stages during development. In larvae, HvT px had
the highest expression level in midgut. HvT px showed the highest expression level in the abdomen and
lowest in the foot in adults. The expression levels of HoT px at 0 °C,10 ‘C and 35 ‘C were significantly
increased than that in the control (25 C) ,indicating that expression of HvT px could be induced by tem-
perature. The results provide further information in understanding the molecular mechanism of H. viz-
essoides response to temperature stress.

Keywords  Heortia witessoides; thioredoxin peroxidase; gene expression pattern; temperature
stress; RT-qPCR
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