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Molecular cloning and sequence analysis of B-tubulin in
Helicoverpa armigera
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Abstract B-tubulin is an important component of the cytoskeleton affecting aspects of insect development such as molting
and organofaction. Total RNA was isolated from third-day adults of Helicoverpa armigera ( Hiibner). A B-tubule ¢cDNA
sequence was cloned by rapid amplification of ¢cDNA ends (RACE). Sequence analysis indicates that the B-tubule ¢cDNA
sequence is 1 775 bp, including an open reading frame of 1 347 bp encoding a polypeptide of 448 amino acid residues.
The GenBank accession number is JF767013. Phylogenetic analysis shows that the homology of amino acid sequences was

about 90% , compared with other insect tubulins. The molecular cloning of the B-tubulin gene is important for further

study of the function of this gene.
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44 W Helicoverpa armigera ( Hiibner ) J2 fig 3
F AR 3 by, 72 0 A A b B R A% 7 A
S 5 v | I o 3 S - B 1 S
(5K 3C4,2007) . AR I B - BUE HE H BBFSE
XA A BT AR KR T VR DA K
25 ) e 45 O T ) A S SR A T SRR OF HLX
TR BB IE AR B AT — 2 i R AT 52 =
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1 #M#5FE

1.1 #iXER

PR % i b Ak R AR LR AR
B e ) PN SRR | A P TR S
26C DLW LD =16:8, % 3 HltJe 4815
I, KW= NN TR IR (R0, 1985) 51K
HOPAE S 1R 10% 8K o

1.2 K

RNA #2 B 77 & RNeasy Mini Kit ., J7 %% 5% i
Omniscript RT Kit 2}y 7% 5 Qiagen 2\ 7] 7= i 5 To [ 2k
& pEASY-T1 Cloning Vector, K Jii #F # 8 52 2 41
B (DNA 54 Trans Taq-T 15 [ 4650458 4 44

FeARA PR 7] 5 DNA Jig [m] ik 71 £ Gel Extraction
Kit Jy Omega /3 %] 7= i ; RCAE i3 & First Choice
RLM-RACE & Ambion A &l 7= 5 PCR 5| ¥k 1
A TAY TAR LS /7 0o Heslf B ™= AR 9
CHEH 33 AR 907 0
1.3 i EBH 2 RNA BIREE R R K cDNA
Fi % R RNA B9 52 02 B RNA $2 B0 &
ULHA A DNA By AL kb 38 . {# B NanoDrop2000
WM 5E OD,, F1 OD,q, , T 72 &L RNA By ¥ BE I 7 i,
1% T fig W Bk vl Uk 58 0 H o8 8 L BRI B
RNA JEA -80°C vKAi 25 H o HL 2 g & RNA i
TR (SR &u)  HIREGIA R T PCR
X 37°CHR ¥ 1 h, cDNA #£i T - 20C R 47,

1.4 FAEFIUEEEENIRSFT

b 8 % #& Bombyx mori ( GenBank:
DQ311244) . — fL & Chilo suppressalis ( GenBank :
EU429675) JHZEW Mk Heliothis virescens( GenBank :
U75868 ) . M F K Wk Manduca sexta ( GenBank:
AF030547) . k& H Mythimna separata ( GenBank :
EU234504)5 Fhigf#l H B i) B - (% & 1k
i) CDS J7 91, M4 D) <7 X 4l 23 3l e i+ B R iE 514,
SRk :WEL R WRL( 1),

®1 FASIWFS

Table 1 Oligonucleotide primer sequences

519 & 5194 Fr

FIFEHI(S" -3")

Application of primer Primer Sequence(5' -3")
F B v WF1 ATHTCYGACGAGCAYGGNATC
Gene segment cloning WR1 ACCAGGTCGTTCATGTTGCTC
3'RACE Jof& WE2 ATCTCCGACGAGCACGGCATC
3’RACE cloning WF3 GAGGAATATCCCGACAGAATTATGAA
5'RACE 77 [ WRI1 ACCAGGTCGTTCATGTTGCTC
5'RACE cloning WR2 GCCATCATGTTCTTGGCGTCG

PCR & W& % 20 wL:2 pL PCRI10 x Buffer, 1
pL ¢cDNA # 47, 1.6 pL ANTP (2.5 mmol/L) ,0. 4
pL RS9 (10 pmol/L) ,0.2 wWLDNA 54 il
(5U/ uL),14.4 uL ddH,0, PCR JZ 3 FEJ¥ :94C ,
5 min;94°C ,30 s,55°C ,30 s,72°C,80 s,35 M1f
¥£;72°C , 10 min;4°C 4% [, PCR gk M 45 W )5, H
1% ()36 B 8 e rL UK A B Y 253 . ¥ B B9 &%
AU RE Rl , 5 vE e 3k 4 pEASY-T1 Cloning Vector

e (He BRAUA BT F 8RR ) | SR 5 e AL B K I #T
B AR S X-gal fil IPTG () AMP B 3% 3% |
BiAR 37 CREFRAI I o R H HEAT 1 BE O 1 , B B
EHL 5 AN B 72 AR 2% 2 Ao oS B A KL R
Fe B A A7 BRA W )T .

1.5 M RACE I ARTEEREHR 3'F 5'ixF 5
Xt PE U B RNA #E 47 3" RACE 4b B (§% 1R 1
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MaEu) HIEEMER T PCRALITCIRIE 1 h,
T -20CIRfF. S'RACE kb3 4% B 70 & 17,
f45 : CIP Jb B 2 1k CIP S )i I By 45 il 42 \TAP 2
I \5'RACE 423k HIF Wi % 5%

MG RN B B — U8 8 F 2k A 3 23 e 91 X
THkE 3" 0 7 4 0 LiES 1Y) WEL WEF2 Fl g b 5
U P T 519 WRT R WR2 (38 1) o AR
K& a5l ¥ 3' RACE outer,3' RACE inner. 5’
RACE outer .5'RACE inner, i# 13 £ 3 PCR 3 3% 3t
KA 373 A1 S 3 Iy 41, PCR [ 25 1k 2 3 A Ak, 24
#:94°C ,3 min;94°C ,30 5,55°C ,30 s,72°C ,80 s,
35 AMEIRT2CIEM 7 min;4°CHFE Ik P58 UG
FH 1% B R b B e v DR I o G 00 295 2R TE A s,
¥ o

L6 F3laHr

F A AE 2k 34 & NCBI (http ://blast. ncbi. nlm.
nih. gov/Blast. cgi) #1791 /) bb XJ 43 #r ; 4 1
PBIL [ 7EZE 5341 T 2. SOPMA X 4 JE 2 17 4] i) —
e 75 K4 i F7 T ( http ://npsa-pbil. ibep. fr/cgi-
bin/npsa_automat. pl? page =/NPSA/npsa_sopma.
himl) 5 8 1 BT 73 7 4 55 L s 28 ExPASy 1E 400 #r
T.H Computepl/Mw tool ( http://www. expasy. ch/
tools/pi _ tool. html) T Il ; X 4 3t B2 F¢ %) 1 F
EMBnet {75273 B T. 5 TMpred 47 5 B X 5 0
(http://www. ch. embnet. org/software /TMPRED
form. html) ;%] Ff PBIL () 7E £k 43 #7 T. H. PROSITE
SCAN X 4 4 J57 5y R iz 45, 3 47 7 7 (http ://npsa-
pbil. ibep. fr/cgi-bin/npsa_automat. pl? page = npsa
_prosite. html) ;3D 25 #4 19 ¥ 8 5 T 2004 4E Nettles
S5 N ®F 58, A A SWISS MODEL WORKSPACE
(http : //swissmodel. expasy. org) 7F £k 73 #r T. B 5%
Ji%, (Guex and Peitsch, 1997 ; Schwede et al. , 2003
Nettles et al. , 2004 ; Arnold et al. , 2006 ) ; F] J{
CLUSTALXI1. 81 fl MEGA 4.0 XM RZHK K E
o
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2.1 B-WMEEBEE cDNA FIIHTE

FIH S'RACE 0K, 285 J5 9 BFEAS B AL 45 5¢
BT WO AHEAE A Y cDNA J¥ 31, il i NCBL |
f Blast #0248 2, KR B A0 [ PR 1 v 9 CDS
Fe¥oh B - g & A, BT LA LU 4548 3T 5

PEAREIT B - MEREAREEN 2T, MR B
- ME RN E cDNA JFHIEE 1775 Sk,
Horp 5 A3 5 Al g A X RN 423 A0l 3 1Y
37 G B X, AL AE — A 1 347 /> 5 KR (9 T 7 ) 352
HE, Zii 5 448 A & HE R 41 L 1Y 2 K, i 3 Y
cDNA J¥ 3 Je HoAfE 5 9 & W Jr 9 WK 1, )7 41
CL 4% 5% GenBank Jf 3158 5% 5 2 : JF767013

2.2 B-HMEEAERE cDNA FHIRESHEE
B8 B 5 43 #

Zid o Hr K, 7 cDNA1746 — 1751 {7 B HE o7
HERZRBRERGES P, 2L IEES. B -
EHE N o BGE (alpha helix, Hh) 27 4
46.65% , & i % ( extended strand, Ee ) %y &
13.84% ,B % ff (beta turn, Tt) 2y 5 4.46% , Bl AL
H: i 45 ¥ (random coil, Ce) 2y /5 35.04% , 3D 4%
A B ) 7 JE T A5 1evkB (2. 89A) SE R (B 2) , 5
H P — ik 3] 97. 183% ,Evalue:0. 00e — 1, it
AR SEEm . MBI B - U R AR R T
UL & 2 A i By R 7 X NNWAKGHY Al
RKAFLHWYTGEGMDEMEFTE . MREI % 5F X #1
GTP B H R 45 & AL mio FLIRHMEN M &E B 75 F &
(Mw)50. 37 ku, 25 H 51 (pl)4. 82 145 5% X 0 I
AAARER BB - B AR LR T S AE 137 ~ 153 fif
A 1K T AR B 1 5 R 45 4, B R XA
835 B H A1) P B0 ) 1

23 ETB-HMEEHRERFINARZRER
R E R RS

MR RGE LR TMH LN, o B - HEEA
AR Y5 I N PRI, AR B - M E A
HHAY R B - W8 E AR IR m o AR R
B — WUE E F A SR Y A 5 i R U R
KA AR ROl R AE — 28 X AT AR D O A A
HGRE TEEE B RS8R UL R i, Hok 5 A
B - MEEARELRRIE, M LERS5ES
OrPAG R R — B o S B AR AE AR R
EWI R LR AT 5E . Mz N 5 HEWM I o-
tubulin 22 5E R 5 4] [] P PEHBARAR , 78 50% LA (18]
3)s

3 it

B-MAEEARFI 1968 4£5 o - WM HE X
[F] if 8 & PHL ( Weisenberg et al. , 1968) , B J5 X AH
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Ak BUE B I 3 Ah LA KR, & T IUE A
L H G 46 F R AR RTS8 BOoR 2 . 7R R
Hurp, —SE M i i) A A 1 TR 8 B e B O Ak
TS, ERIERE A 4 Fh B - R
F 3 g 52 B ( Michiels et al. , 1987 ; Rudolph
et al. ,1987 ; Goldstein and Gunawardena,2000) , 5%
Fe MR AP O A 4 b R He R R 2
e R AR R A A 1 R th AR
B BRI P 2 258 0, U R A& DR K&
HOAH BAE FH A9 58 W Bl 2 R A (Kawasakia et al. |
2003) , AWFSE R OE A4 TR B LRy I0ME 2R
B v S E AR Y, R I HAIOsE A B oY b R B TR
REZHEHLTUETIERE®KS S5H % 0%
(Riparbelli et al. ,2005) , 7 7K 4 B 4 #E 47 900 A
B R LG R R Y B R R Gk (Yang et al.
2009) . A B - WUE E H RS REHT T B9 LL BIR

AR DA 2% 28 0 07 s R B L — Fb B - R
EHS NI RA — & LK (Quan e al.
1998) , bj — Fl 7 i 11 % . R 35 7 BR ( Mita
et al. ,1995) . T8 H IRV 2 259 (0 AE FH AL A,
TS B AR TR n] RE S B2 W 1R I B ek 28 (TR 28
AEFNIE R, 2006 ) , A BIF 5T 3 W R0AE B 1 45 A Y AR
kT 8 5 B0 A0 6T A 22 43 2440 ) ) 7 A B
(Cheung et al. ,2010) , WA MR EXWAHEEA S
B a8 B A 56, T LR GO AR T RE O R
U SR A A 700, DT A B B A A H .
ARSI FERERG B TS L B - U R T
Havsl, AIERITI PR M m g -
U 8 A R T A4 MREL {57 X GTP #%1F
R 45 & 7 A ( GGGTGSG ) DL K 2 A it 5F X
( NNWAKGHY #1 RKAFLHWYTGEGMDEMEFTE ),
Hrh MREID &% 5k J5 W45 5, GTP B H R4 & r

1

1
61
20
121
40
181
60
241
80
301
100
361
120
421
140
481
160
541
180
601
200
661
220
721

ACAAAATGAGGGAAATCGTGCATATCCAGGCCGGTCAATGCGGTAACCAGATTGGAGCCA
MRETIVHIQAGQCGNAQTIGA
AGTTCTGGGAGATCATCTCCGACGAGCACGGCATCGACCCCACCGGCGCCTACCATGGCG
K FWwWETITISDEHSGTITDPTSGAYHSG
ACTCGGACCTGCAGCTGGAGCGCATCAACGTGTACTACAATGAGGCCTCCGGCGGCAAGT
DSDL@QLETRTINVYYNEASSG GG GHK
ACGTGCCGCGCGCCATCCTCGTCGACCTGGAGCCCGGCACCATGGACTCGGTGCGCTCGG
Yy v RAITLVDLEPGTMDS SV RS
GCCCCTTCGGACAGATCTTCCGGCCGGACAACTTCGTGTTCGGACAGTCCGGCGCCGGCA
G PFGQI FRPDNFVFGQSGAG
ACAACTGGGCCAAGGGTCACTACACCGAGGGAGCCGAACTAGTCGATTCAGTATTAGACG
NNWAKGHYTETGAETLVDSVLTD
TCGTACGCAAGGAAGCAGAGTCATGTGATTGCCTCCAAGGGTTCCAACTCACACACTCGC
VVRKEAESTCDT CLA QGFQULTHS
TCGGCGGCGGCACTGGTTCCGGAATGGGCACACTTCTTATCTCCAAAATCAGAGAGGAAT
L ¢6G6GG6GTGSGMGTLTLTITSZKTIREE
ATCCCGACAGAATTATGAACACATACTCAGTTGTACCTTCGCCCAAAGTGTCAGACACAG
Y PDRIMNTYSVVPSPKVSDT
TAGTAGAACCTTACAACGCCACACTATCAGTCCACCAGTTAGTAGAAAACACAGACGAGA
VVEPYNATLSVHQLVENTTDE
CCTACTGTATCGACAATGAGGCATTATACGACATCTGCTTCCGCACGCTCAAACTATCCA
T Yy cIlIDbDNEALYDTITCFRTTULTI KTILS
CACCCACGTACGGCGACCTGAACCACCTGGTGTCGCTGACCATGTCCGGCGTGACGACGT
TpPTYGDLNHLVSLTMSGVTT
GTCTGCGGTTCCCTGGCCAGCTGAATGCGGATCTCCGCAAGCTGGCTGTCAACATGGTGC
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240 CLRFPGQLNADILZ REKTILAVNMY
781 CGTTCCCACGTCTGCACTTCTTCATGCCCGGCTTCGCTCCCCTGACATCTCGCGGCAGCC
260 pFPRLHFFMPGFAPLTSRGS
841 AGCAGTACCGCGCCCTCACCGTGCCCGAGCTCACGCAGCAGATGTTCGACGCCAAGAACA
280 Q QY RALTVPELTQQQMEFDAKN
901 TGATGGCGGCGTGCGACCCGCGCCACGGCCGCTACCTGACCGTGGCCGCCATCTTCCGAG
300 MMAACDPRHGRYLTVAATTFR
961 GCCGCATGTCCATGAAGGAGGTGGACGAGCAGATGCTCAACATCCAGAACAAGAACTCGT
320 GRMSMKEVDEQMLNTI®QNTK KNS
1021 CATACTTCGTGGAATGGATCCCCAACAACGTGAAGACCGCCGTGTGCGACATCCCACCTC
340 SYFVEWTIPNNVKTAVCDTIPP
1081 GCGGCCTCAAGATGGCAGCCACGTTCATCGGCAACTCCACCGCCATCCAGGAGCTGTTCA
360 RGLKMAATTFITOGNSTATLIAQETLTF
1141 AGCGCATCTCGGAGCAGTTCACCGCTATGTTCAGGCGCAAGGCTTTCTTGCACTGGTACA
380 KR TISEQFTAMTFRRIKAFILHWY
1201 CCGGCGAGGGCATGGACGAGATGGAGTTCACGGAGGCGGAGAGCAACATGAACGACCTGG
400 T G EGMDEMETFTEAESNMNDL
1261 TGTCCGAGTACCAGCAGTACCAGGAGGCCACCGCCGACGAGGACGCCGAGTTCGACGAGG
420 VSEYQQYQEATADETDATETFDE
1321 AGCAGGAGCAGGAGCTGGACGAGCACCACTAGAGGGGGGGACGGTGCCGCACATAGTACA
440 EQ EQ E L DEHH *

1381 TTGCCATGTATTTACTCGTTACTTTACGTTTAAGTAACATTAATGATTCCTACGATGTGT
1441 TTTGAATGAAAAGACATGCTTTCTAACTTTTAACAGAACGCACGACTAAAACCCCGGATA
1501 TGACGTTACTTGCGACTCGTGGGCATATTTATGTAATTGTATACATATACATTCCTAGTG
1561 ATCCATGCCTGGCCTCGTTGAGACAAGATCTGAACATTTCTTTAAGGCTGATAGACACTC
1621 TTTATGTATTTATGATAAAGTCAGGATGTCTCCAAACATGGGCATACAAGAAAGATTATA
1681 GAGTGCTTCAATAACCGAAGTTTTATTACGATTAAAATTGTTTTCAAGATTAATTTAATG
1741 TATATAATAAAGATTTTTATTTAAAAAAAAAAAAA

1 1B H B-MEZES cDNA 5% (GenBank: JF767013) I R ESH S E B F 5
Fig.1 ¢DNA sequence and inferred amino acid sequence of the B-tubulin gene in Helicoverpa armigera
EIGHG T ATC M (LS T TAG I RR, Z R IRIE 5 )75 (AATAAA, (T 3" BIEX) AT
W Zepr i, MRET ff5F X GTP B H R4S & 7 8l (GGGTGSG) LI 2 4> B — 3 8 A ¥ X (NNWAKGHY
1 RKAFLHWYTGEGMDEMEFTE ) 15 BA %R
The start codon ATG and stop codon TAG are indicated with bold and asterisk. AATAAA are underlined.
Conserved motif of MREI, NNWAKGHY, RKAFLHWYTGEGMDEMEFTE, nudeotide binding site
(GGGTGSG) are outlined in gray.
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IR PE R S 99% , 5 — AL SR 4 [a] I 1L 5 B 96%
HHARR R B - U & B & R Y 8 [ R A L
90% Ze A7, SWFLEN Y B - U EE A EE R )T 5[]
BrEWAR S . BAR B - U 0 AR P 51 LA
TRAY  (EUAG S AL S 7 3 1 ) i ] ] 90 4

e, RS B S A R I R U 6 A
MR 225, 5 A4 10 DRI 2. 1T
IXFPHE DA e B R4 2= A A AR R AR R ST
14, 6 1 3T 1 0 Ao 20 A 1 A v 32 BIAR VN B9 52 i, A
PR Fif O S T LG B SR 28 A A g S AT
R Z B HT o

HI T B — T B 2 40 MR 2R A R AR gy
Prifedn i Rk fa e M X — e, B -
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2 REHB-MEERAZHESEHWTERE
Fig.2 The ribbon models of Helicoverpa armigera beta-tubulin gene
LA R E T C AR, W3R8 N ARl R R B 0 3= 7R AN 7] 1 2 L85/ 2

The red colour represents C-terminal, and the blue represents N-terminal. The different colour shows different lay.

AR W] DUE S S 92O 5E B PCR Y N 2 5 PRl
F RS U N S IR LR s B AR D, R B-
actin ( GenBank: EU527017 ) . #% % & 2 11 LI3
( GenBank : DQ875220) il 4E {1 ] ¥ EF ( GenBank :
U20129) (Cho et al. ,1995) . 7 3¢ i A3 5] T i
Bl g - MERAERN, M R EE PCR
PRALT — R SR NS

T H R R R B P E LRI EE T 4 5
B — T 8 LI, 7 HAh B e Wy b b A AR 2 A
B- U E AR ERIRMME , AT H A F
THER ) —Fh B - HUE R R 52 TR
Ak 23 o W A S e A B — B B R IR
RAWFR A B - W & A 5 A 3R 5k S Yy hg .
RS I o — 18 8 1 5L B ( GenBank : JQ069957 ) B
CL R v b, B — T B R R B v B D O 2 b
WS B A AR R AL T AT RE. B T RUE A
XTREMARKKEE AR W Al R A
ARRHEMERN, MZHE &0 XEF 24 MIE
FHAE g, B LA 3 3088 A 1 IR ABIE S, Al LA —
FE K T U 24 P 0 7 A T B Ol FRATT
HET B I AR B, X T A AL U 24

AN TR A 4 R, A7 AE B — 5 I B
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