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QIN Zi'?> WANG Su” WEI Ping' XU Cai-Di' TANG Bin'>"  ZHANG Fan’ " (1. College of Life
and Environmental Sciences Hangzhou Normal University Hangzhou 310036 China; 2. Institute of
Plant and Environment Protection Beijing Academy of Agriculture and Forestry Sciences Beijing
100097 China)

Abstract: Trehalose which is the blood sugar in insects is synthesized mainly by trehalose-6-phosphate
synthase ( TPS) in insects. By homologous cloning and rapid-amplification of cDNA ends ( RACE) the
full cDNA of the TPS gene in Harmonia axyridis was cloned and named HaTPS ( GenBank accession
number: FJ501960) . This gene with 5° and 3 non-ecoding region of 26 bp and 505 bp respectively
contains an open reading frame of 2 418 nucleotides encoding a protein of 805 amino acids with the
predicted molecular weight of 90. 58 kDa and pl of 7.01. The encoded protein contains two potential N—
glycosylation sites without signal peptide and transmembrane domain. The homology comparison showed
that insect TPS was highly conserved with two conserved domains. Real+ime fluorescent quantitative PCR
was conducted at different developmental stages under the cold induction to detect the expression of
HaTPS. The results showed the expression level of HaTPS was the highest in the pre-pupal stage. Under
the condition of shortterm cold induction the HaTPS expression was dramatically increased with
temperature decreasing; and under the condition of warming and cooling its expression level increased
first and then declined. The results suggest that TPS plays an important role in the regulation of insect
resilience and its regulatory capacity is increased significantly under cold-induction.
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1
Table 1 Primers used in the experiments
(5-39)
Primer name Nucleotide sequences Primer use
TPS-DF1 GCTGYAACGVNACBTTYTGG
TPS-DF2 CTTCYTDCAYATHCCNTTCC Degenerate primers
TPS-DR1 ATCYTRATNCKTTCRCTCC
TPS-DR2 TCCARHCCRTGRTTDCCA
TPS3FA GGATCTATCATGATGCCTGCTG RACE
TPS3FB GAGATCCTCATAAGCTCGCGCT
TPS-5SRA CAGTTCCACGAACCTCTCGAAGG
TPSSRB GTCGCACCCTTACGGATCTTCC
NUP AAGCAGTGGTAACAACGCAGAGT
TPS-QF CATACTATAATGGTGCGTGTAATG
TPS-QR ATTTAAGGGCTTTGATTGTGC PCR QRT-PCR
TPS-QProbe ACTCCACTCAATGCCAGACAGAGC
18S rRNAF ACGGACTTCGGTAGGACG
18SrRNA-R CGCAGACAATCCCGAAA Reference gene
18SrRNA Probe ACGTTGTGCGACGCCCGTTA
3 5'RACE o 3d
( (1)
1) PCR. PCR : 94%C (Sanyo MLR-361H ) -5C 0%C
5 min 94°C 30 s 55C 30 s 72C 5°C 10°C  15°C 1 h
1 min 30 72°C 5 mino (2) -5%C 0°C 5°C 10°C
- PCR . 15C 15C 1h
1.4 10C 1h :
1.6 TPS (3) ~5C 0°C 5C 10C
PCR ( real-time fluorescent 15%C 5% 1 h
quantitative PCR QRT-PCR) 0°C Ih .
( 2h ) 3 3
3d 3
QRT-PCR TPS . ’
RNA 1.6
TPS
185 (1. QRT-PCR 3d
RNA( ) TPS o
RNA 1.8
I ug  RNA ¢DNA . Dnastars
1 ul PCR . QRTPCR Vector. Compute pI/Mw  Clustal W
Real Max ( probe) ABI7500( ABI http: //expasy. org/tools/  translate
) PCR PCR 94°C NetNGlye 1. O Server: http: //www. cbs. dtu. dk/
5 min 94°C 15 s 60°C 30 s 68°C services/NetNGlyc/; TMHMM Server v. 2.0: http: //
30 s 40 68°C . www. cbs. dtu. dk/services/TMHMM=2. 0/; ClustalW:
3 3 . http: //www. ebi. ac. uk/Tools/clustalw2 /index. html
1.7 TPS SignalP 3. 0 Server: http: //www. cbs. dtu. dk/

services/SignalP/ .
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1.9 FJ501960) TPS
ABI7500 2 e
TPS Statistica 6. 0 HaTPS 2 949 bp 2 418
Basic Statistic bp 805 3 505 bp
One way ANOVA 5’ 26 bp 7.01
P<0.05 o 90. 58 kD( 1), TMHMM Server v.
2.0  SignalP 3.0 Server
2 NetNGlyc HaTPS
N- 99 132
2.1 TPS cDNA o TPS NCBI
1 200 bp Blast TPS( OtsA)  TPP( OtsB)
NCBI  Blast TPS o 2.2 HaTPS
3 5°RACE 600 bp 500 bp HaTPS TPS
TPS
cDNA HaTPS( GenBank : TPS
| GATGTCATCACTTCCTCOGGGAGTATGATAGTGGTGCCCAACCG T TTACCCTTTGTTTTOAAGAGGCTGGAAAATCOCAGACTATCGAGGCATGCAAGTGCTGGAGGTTTGG TAACGGCT
I VYPNRLPEFVLERLENGRLSRHASAGSGTLVTA
121 GTAGCTCCTGTAGTTATAMCGGAATGGG TG TGOG TAGG TTGECCAGGTATTCACCTG GAGGACCCTGACGAAGCCATACCAGAATCTGAGCCTGGAGATATAACACC TACTGCTGGA
VAPERY Y ITNGNGL¥YY GW¥Y R GIHLEDRPEPDEAIPESE®RLEDITETALD
241 CTAAATCAGATAAGGCGGTAGCAGTACGTGTGGACCCTAAGATG TTCGACTCATACTATAATGGTGCG TGTAATGGAACTTTCTGGCCTCTACTCCACTCAATGCCAGACAGAGCTACC
L KSDKAVAYRVDPEKMFDSYYNGACHKSGTEFW®®PLLHSMPDERAT
361 TTCAAGCTGGAAGAATGGAGGGATTACGTAGCAGTCAACAAACTGTTCGCCAACTGCACAATCAAAGCCCTTAAATCTTTGAAGAGAGGAAAGAATACTCCTGATCATGAAGTACCCCTC
FXLEEVWRTDYVAVNELTFARNCTTIEKALZ KSLERGENTPDHETYTPL
481 ATCTGGGTTCATGACTACCAGTTGATGGTGGCAGCTAATTGGATAAGGCAGGCTGCCGAA CAGGAGGAGATCCCATGCAAACTTGGATTCTTCCTACACAACCCCTTCCCGUCATGGGAC
I WY HDYQLMXYAANVWTIROGOGAAEQEETPCI KTLSEG FLANPFPPPRWVWD
601 ATCTTTCGACTACTCCCTTORGGAGACGAMTCCTACAGGGGATGCTCAACTGCGACATG GTCGGCTTCCACATCACTGACTATTGCCTGAATTTCGTRGACTGCTGTCAGAGATACCTA
I FRLLPWGDETILOGGMLNTCDMY GFHITDYCLNTFVDCCSQRYL
721 GGTIGICGTGTCGACCGTAAGAACCTGCTGGTTOAACAGGGAGGAAGATCCGTAAGGGTG COACCTCTTCCOATCOGGATGCCCTTCRAGAGG TTCG TEGAACTGGCGGAGAAGGLGCCT
G CRVYVDRENLLVERQGGHRSYRYRPLPIGHNPPFERTFVETLAEIEKA AP
841 AAGGTETTCTCOHGOGAGCAGAAGATCATACTGGGGOTGGACAGACTCGACTACACCAAA GOGTTGGTTCACAGGCTGCTGTCCTTCOAGATGCTGCTGGAGAAGCATCCGGAGCACAGA
KVFS GEQEKTIILGYDRLDYTEKOGLYVYHRLLSFEWLLTETIKHRPETHR
961 GGTCAGGTCTCGATGCTCCAGGTCGCCGTGCCTTCTAGGACGGACGTGAAGGAGTACCAA GAGCTGAAGGAGAACCTGGAACAGCTGATTGGTAGGATCAACGGAAAGTTCACCACGCCG
G Q VS MLQVYAVPSRTDY KEYQETLIEKENLEQLTIGRTINGKTF FTTEP
1081 AATTGGTCGCCCATCAGATACATTTATGGTCAGGTCAGTCAGGACGACTTGGCCGGTTA TTACAGGGATGCTTTTCTTGGCCTGOTGACACCGTTGAGGGATGGAATGAACTTGGTCGEC
N¥YSPIRYTIYGQY S Q@QDDLAGYY RDAFVGLYTPLRDGMNILTYA
1201 AAAGAATTTGTGGCTTGCCAGATCAACTCTCCCCCAGGTGTTCTCATAGTTTCCCOGTT TGCCGGAGCTGGAGAAACGGTGCACGAGGCTCTCOTCTGCAACCCG TACGAGATCGCCGGE
K EFYACQINSPPGYLTIYSPFAGAGETVYHEALYENEPYETIASEG
1321 GCAGCCGAGGTGTTACACAGGGCTCTGACCATGCCCOAAGACGAGAGGATCCTTCGCAT GAACTACCTGAGGAGGAGAGAGAMG TTAACGATGTGAACTTCTGGACGAMTCTTTCTTA
AAEYLIODRALTMPETDETRTILRMNTYTLTRRRETEKVYNDVNTFWTIIEKSTFIL
1441 TCOGCAATGGGTTCCTTGTTCACCCCTGAGGACCGAGATEATGTGOGATCTATCATGAT GCCTGCTGTTACTTTGGACGACT TCGATGAATATCTTTCGAAATACATTGGAGATCCTCAT
S AMGSLFTPEDRDDVYGSIMMPAVTLDDFDETYLSEKYTIGDTPIH
1561 AAGCTCGCGCTTCTACTAGATTATGATGGTACTCTTGCACCAATCGCACCTCATCCGGA TCTCGCAGTCATGCCAACTGAAACTAAAACATTCTTCAGCGATTGTCGAATATCCCGGAT
KLALLLDYDGTLAPIAPHPDLAVYMNMPTETI KNTIL QRLSNIDPD
1681 GTCTACATAGCTATCGTATCAGGACGAAATGTGAACAACGTGAAAGAAATGGTGGGTAT TGAAGGCATAACATACGCCGGTAACCACGGACTAGAGATCCTCCACTCAGACGGCACCAAA
VYIAIVSGRNVYNDHNVYEKEMNYGTIEGGITUYAGNUHGLTETILHSDIGTRZK
1801 TTCGTGCATCCGATGCCTCCAGAGTGCCACGAAAAAGTGGCTTCCCTCCTTGCCAAGCT GCAGGAGCAGGTTTGCAGGGACGGCGCTTGGGTTGAGAACAAAGGCGCTCTACTGACATTC
FVHPMUWEPECHENRY ASLLAERKLQEQYCREDGAWVENESGALILTF
1921 CACTTCAGGGAAGTCCCTGTCCATCTCAGGGACGCACTTGAGAMACAGGCOCGTAAGCT GGTGGAAGAAGCTGGCTTCAAGGTGOGAANTGCCCACTGTGCCATTGAGGCGAAGCCACCA
HFREVPVHLRDALTETEKO®QAREKTLVYETEHAGFI KVYOGNAHTCATIEAEKTPP
2041 GTAGAGTGGAATAAAGGTAGAGCCTCCATCTATATCTTGCGAACGGCTTTTGGAGTTGA TTGGAGTGAGCGTATCAGGATCATTTATGT TGGTGACGATGTGACCGATGAGGATGCTATG
YEWNEKGRAS I YTLRTAFGYDWSERIURIILIYVYVGDDYTDETDAM
2161 ATGGCTCTCAAGGAATGGCTGCAACATTCAGAGTAACAACTTCAAATATCATTAAAAL GTCAGCAGAACGTCGGTTGCCATCAACAGATTCAGTTCTCACCATG TTGAAATGGATAGAA
M ALKGMAAT FRYTTSNIIKTSAERRLPSTDSYLTMWHWLIEWTIE
2281 CGTCACTTTTCCAAGAGAATGCCCAACATAATCGATGCAACAACCTACAGAAGAGGATCGTTAGCCAAAGCAATGACCAAAAACGTACACATGGAATGTGAGATCTCCGCACTTGCTCAA
R HF S KRMPNTITIDATTYRRGSULAEKAMTIEKNYHMETCETISALADRQ
2401 GCTCTATCTACCAAAAACGAAMACAATCATACCGAGGACTGAAAATTGAATCGTGCAAMATGGATGCATCATTTTTAAAAAAAGTGTTAGCAGTACGAACCAAAGATAAGGATCGAATGG
ALSTIKNENNUHTETD =*
2521 AAATCACTGAAGCTTTAGGGTTAAATAAGAATAGAGCAGT TTCCGATTAGTGATTTTGATGATACTCACCTTGGGTACTCTTTGTTATCGTTACTT TCGTAGTAATCACTTGTCGTGCAT
2641 AGCATATCGTTACAGATTCAAATTTTCGTCTTAAGCGTTTGAAAAATTCAGGAAAAATATACCCGACTGTATTTCCTAGACTGATAACTTGTAAAGTGATTTATATCTTCGGAAAACTAG
2761 ATTTANTAGATATATTCAATGACTATTTATTTTTATANTGATGTTTCTTCACTCGAACATGAAMTCATATCATATCAGTGAG TAATATTCAT GCATAGAATCTTATAGCCATCTTCTAAG
2881 AATCTTGTTTGTGTGAATGTGAAATAAATATAATATGGAACCCAAAAAAAAAAAAAAAAAAAAAAAA

1 TPS HaTPS  ¢DNA
Fig. 1 The ¢cDNA sequence of TPS gene HaTPS from Harmonia axyridis

N o The initiator and terminator are in bold and underlined and the

potential N-glycosylation sites are boxed.
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Fig. 2 Alignment of TPS amino acid sequences of different insects

HaTPS: Harmonia axyridis, TcTPS: Tribolium castaneum; AmTPS: Apis mellifera; AgTPS: Anopheles
gambiae; NITPS: Nilaparvata lugens, LmTPS: Locusta migratoria manilensis; SeTPS: Spodoptera exigua.
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Fig. 3 The relative expression level of HaTPS at different developmental stages of Harmonia axyridis
CK: 25C 3 Adult at 3 d after emergence at 25°C; 14: 1 1 The first day of the 1st instar larva; 24 —23: 2 1
3 Day 1 to day 3 2th instar larvae; 34 -33: 3 1 3 Day 1 to day 3 3th instar larva; 44 -44: 4 1 4
Day 1 to day 4 4th instar larva; PP: Prepupa; P4 -P3:1-3 Day 1 to day 3 Pupa; A4 - A2: 1-2 Day 1 to day
2 after eclosion. + 3 3 o Each bar represents the mean + SE of three independent

experiments with three individuals in each replicate.
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Fig. 4 The expression level of HaTPS in Harmonia axyridis i ]
adults under different temperature conditions = 05 I I l
+ 3 3 0 . L L . L
; (One way ANOVA P 25(CK) 5 10 5 0 -5

=15 Temperature ()
5 HaTPS
Fig. 5 The expression level of HaTPS in Harmonia axyridis

<0. 05) ; o Each bar represents the mean + SE of three
independent experiments with three individuals in each replicate.
Different letters above bars indicate significant differences between

different treatment groups ( One way ANOVA P<0.05) . The same for adults under decreasing temperature conditions

the following figures.
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Fig. 6 The expression level of HaTPS in Harmonia axyridis

adults under increasing temperature conditions
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