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Cloning and Expression Analysis of 3’ End Region of HbbHLH Gene in Bark from Hevea Brasiliensis

CHEN Xia et al (Rubber Institute of Chinese Academy of Tropic Agriculture Sciences, Danzhou, Hainan 571737 )
Abstract
laticifer differentiation in Hevea brasiliensis. [ Method ] The EST sequence of HbbHLH gene in bark from H. brasiliensis was obtained from the
first strand ¢DNA by reverse transcript mRNA from the bark of H. brasiliensis by using the primers designed according to the conservative re-

[ Objective | The aim was to lay the foundation for further understanding the molecular mechanism of the jasmonate acid inducing

gion of bHLH transcription factor gene and the 3’ end region of this gene was cloned by rapid amplification cDNA ends (RACE) technique u-
sing nested primers designed according to the obtained sequence. Further more, the expressions of the HbbHLH gene treated with jasmonate
acid after 4 h, 8 h, 1 d, 2 d and 3 d were analyzed by semi-quantitative RT-PCR. [ Result | A 1 084 bp cDNA fragment of the 3’ end region
from HbbHLH gene was obtained by clone and the sequence analysis showed that the gene belonged to the HLH domain from MYC type. The
expression analysis result showed that after the treatment with jasmonic acid, the expression level of HbbHLH gene was increased gradually
within 8 hours, and kept stable at a high level after treatment with 1 d and 2 d, but decreased at 3 d. [ Conclusion ] The jasmonic acid had the

regulatory effect on the expression of HbbHLH gene.
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PR bHLH ¥ 7 2 B Wil a8 25 7 R AR 75 AR A
FUE MG S5 il 7, 2B DU RTTEAR I FL A 3 1)
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1.1 #8

L11 B U ERE R BREBEAR BT 9 BLsk
IR [ P AR W (Hevea brasiliensis ) TGk 22 PV 73397
ARE PRI —4E 2 BAy 3 ~ 4 FE H 00 £ E Jo i L fl R
K5 ML, AR RbHE : ] 80% S (0. 1% DEPC - H,O0 fit
) VAR FT TR B A, BC ]I 10 mg/ml () ST R BE W, I

FUHEE 10 min JRAT; LA BIE AU, 1 100 wl ZREFHTRR B
FRICT g SEB M5, BB ER 5 e T ) 55—
SN R TR T (2R3, 1R S 25 7 A 3 5 R HTR ), T
LIS S B RS B SRR IR MR T8 — 19 a], PR G RHR
2 IF RSV I LABT 1SR FTR WG/ , 73 0 Ak 34 4
h.8 h.1d.2d.3dBy5E—35 R, AVHE, -80 CI-4F
#MWe
1.1.2 Bl IM109 v [ ity ARBH B AR b5 Jr S 3 .
{47 ,DH5a ) § TAKARA A+
1.1.3  Hfth, FEPE3 K. pGEM-T easy Vector system (lot:#
191022) 15 A promega /A7 ; [ %5 551877 &5 : Reverse Transcrip-
tion system (lot: #228049 ) Il [ promega 2\ & ; RECE &7 & :
SMART™ RACE ¢DNA Amplification Kit ( Cat. No. 634914 ) iz{
F &1 Advantage 2 x PCR Kit ( Cat. No. 639206 ) J [ clontech
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INT]PCR PR 4R R £« B DA AU ISR DNA [ it
F & (HF%5:D9209) Ity A QiaGen 7\ #], Gel Extraction kit
(D2501-01) 1 H OMEGA 2 F) s [ 2 : EcoR1 . Hind Il 55 i P 114
F] TAKARA /37,2 x PCR mix I [ K /2 7 ; DNA marker:
W B TAKARA 28 R HIRAR A A
1.2 FH&
1.2.1  SDS Zffk P BUS IR B2 5 RNA. S H iy
IR BU
1.2.2 cDNA SF—HER A . B2 1 ug RNA,70 CHE 10
min, KIKANA 4 ul 2 mmol/L MgCl, ,2 wl 10 x [z %% 5% buffer,2
pl 10 mmol/L. dNTP Mixture,0.5 wl FEZH RNA [ ]5),0. 6
wl AMV S %5 1wl Oligo (dT) 3[4, MK EIRBELR 20 .
42 CHEE 60 min,95 CIEHE 5 min, vKI 5 min, JIIK FH#E 4K
Wi ke 5 A8, —20 CLRAFE I o
1.2.3  HbbHLH %% 5% 7 SE P (1) EST Sof. MREIZ L5 %
CRAME R & T e FL HbbHLH % 5% DA 1 3 A A A S
NS 19, 51 PR

bHLH-BU :5'-CAAAGGAGCCAAGCCACGAGTC 3’

bHLH-BD:5'-CTCTCTCTACGCCGCCTCTC 3’

fliF 2R T RIS PCR 471300 & 647, AR B2 <DNA
AR, LA 10 pumol/L f) bHLH-BU/BD g5 |4, 75 50 wl 1%
MAK Zh#EfT PCR ¢80 (K& i 25 wl PCR mix,1 wl bHLH-
BU/BD, 1l ¢DNA,22 ul ddH,0 4%, ¥ AR )F M .94 C T
ASPE 5 ming94 CAEPE 1 min,54 CiE k1 min,72 C ZEf# 1
min, 33 PMEI;72 C ZEAf 10 min, 1% By B W5 B H K A5
PCR 7=, H] TianGen 2 W] [ 5 0 A 51 By g W5 5E X DNA 1]
W5 & xF B 0 R W7 2R AT U0 B gk, FH promega 23 ]
pGEM-T Easy Vector Systems {71 &b 742 , DLZ S50 % 7
FEI IM109 S Ak B, PRk 11 (0B84 11 412 TR 2R 17 il 1)
R, 25 47 AR W0 BEPE e e 3] g A T
1.2.4 RACE ${ R3K13 HbbHLH FE[H =3 HRAEM ¥ 7545
EST J7 31 s & 2k %315 14 3'RACE 5149, P FI T «

3bGSP:5'-CATCTGACTCCGCGCGTTCTGATTCTG 3

3bNGSP1:5"-GCCTATAAACCATGTTGAAGCGGAGAG 3’

J1 clontech 2% 7] ) SMART™ RACE ¢DNA Amplification
Kit J75] €& F1 Advantage2 PCR Kit 47, BARERAEZ100 & i
A #E T, ¥ 8774 ] OMEGA A E] Y Gel Extraction kit i,
R G AT, ) TAKARA 24 6] (1) pMDI8-T vector 187 £ i
fri%4% ., L TAKARA /A7) DHS o 554G , Phik A (7% L 32
JEORLE AT )5 5, 25 A R B Y v B E i AR T

M
1.2.5 RT-PCR Fik/tr. DAIFEAE 22 =0 EaiEitl
YL BT

3bHLHU :5’-GCGAAGAATTGCCTATAAACC 3’

3bHLHD :5’-AATGGCACTTCTCACAACTT 3’

ActinU:5'-CAGTGGTCGTACAACTGGTAT -3’

ActinD :5'-ATCCTCCAATCCAGACACTGT 3’

P Actin JEF RN 2, L 10 wmol/L Y ActinU/ ActinD &
190,75 10 Wl BRSO R PCR 4 AR R e Xof B Ak 2
B RNA J#%5% cDNA, 3872 7 4 :94 C AR 5 min;94 C

AFPE 1 min, 50 °C3E K 1 min,72 °C 2 45 s, 405 22 .24 .
26.28 .30 Fl1 32 AMEH ;72 “CHEAHR 7 min, 1% B HE S VKRS
M PCR 74,453 31 5 WU BEARAF I 29 600 bp /9 B 14 75 B
PR 26 DNEIR, 571G actin SEDH, PR 45 HEH cDNA fin A
i, YIS R A AR IR MBI LB R 0
1. H 89 5 K HbbHLH &) 3 3% ) 10 wmol/L 3bHLHU/
3bHLHD 514,10 wl i s B AR R, 9 3 AR 772 : 94 °C FiAR
P 5 min;94 CAFME 1 min,50 °CiE & 1 min,72 °C 4EM4145 s, 43
IR 30 AMEER, 72 °C LEfH 7 min.

2 GREHNW

2.1 BEHIE RNA RELEE R FLE RNA 4 1%
F14) FF RS A S M W L T A 00 357 2 0 5 AT 4 v 1) 2
17 ,28S 1 18S RNA [y B 58 4% , i S G M , BEH] RNA #F i
ey (I 1) o FHERAIM 6 6 I K S #E 260 nm Al
280 nm P K OD A Wi 1) HAE, B 0D,/ 0D, #5746 1.8
~2. 1, 6B RNA FES AR, ol LUHFE #5058 .

Bl 1 R S RNA FE IR ik B
Fig.1 Formaldehyde -denatured agrose electrophoresis of total
RNA from bark

2.2 HbbHLH EF EST WRIERFFIFH  HE RNA 4
S At —4E cDNA, LIP3 B-actin {37 3 #E4T cDNA Jit
AN, 4G 45 5RAEL 600 bp 405 F]— AR S (K 24),
RUIS 2] cDNA J2 5881, Bt R 4F, ] T 5 2250 50 5
PIR Bz eDNA SAfbiti , LA 7L bHLH 5205 35 [H AR SF X % B
XRES5 19, PCR 44475 2124 300 bp MTE M (1 2B), 1]
TianGen [0 Wi 5] & #E AT 1m0, [l iie 7 ) % 42 31 pGEM -T
Vector, Ak, IM109 , 4R 5 5 20 Tk, 12 TR g (] 2C) A
Wi FAERAIE S R RS 16 B T

2y EST 414 7= K /A 295 bp (] 2) o 7E NCBI
AT blastx [FJR Ho AL, 25 R R WY, i 2] EST (425 1 25
275 B4 bHLH [FR T RE45#45k (F 3) ,J& 7 bHLH 285
WS, H5H W K FEAEAE Y i bHLH 5% s DY 5 A 4y
A T5% F165% o
2.3 X F 3'RACE R EMREH HbbHLH £ [F 3'i% K%
F3aH AR CSRI AR K bHLH LK EST J¥ 31, %
it 3’ RACE 3| %y 3bGSP F1 3bNGSP, % J{ clontech SMART
RACE ¢DNA Amplification Kit 1551 ¢cDNA # #i I #E 4T actin
PRI F W] cDNA 5¢ 8 ] 5 ([ 4A) , Fifdi JT] Advantage2
PCRKit 2 7] &% 547 48 5 A4 Bz HOOHLH K& P 3 Sify (14 1 388 4
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s A actin 4744 B EST 74 C. B UTRIN 41k

L5 kh
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195 bp

Note: A. Actin amplification; B. EST amplification; C. Recombinant plasmid by enzyme digestion.
2 EST %:p&
Fig.2 EST cloning

5 LRI AR, R TG ARATACAIATTCCTAAT ACTIVTC TR TIOATATTON
CACTTTTTCADCTTCTC AARA BRAGA T TITADECABALDC ALAATOAATACORCAAARATA
AGAAA DN OGO A GG RO TOAT T AT TG AT T TT O TR AT T CTRAT 0,
ATTTTAC TOCT OB AANT AT ATORRTTCAAD ARAR T A0AAT ANAGE AACT AARCTOT AR

B3 EST MF&ER(FENAIMET)

Fig.3 EST sequencing result( primers in boxes )
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s A actin 4744 B EST 74 C. B OTRIN 41Tk

%55 —% PCR 74525 1 000 bp %7, 45 — %% PCR 1432y
900 bp == (& 4B ), ] OMEGA () Gel Extraction kit 347
IS, 3455 TAKARA 22 A B pMD 18 -‘Tvector, £k DHSa,
X E AT T O] (B 4C) PR 29 900 bp B ik Al A
J B g A R SR A W HORAT R RIIT

Iy 45 R L W3 RACE Y 3 7 1 1) K/ R 856 bp , K¢

EST 5 3 37 51 PF%J5 15 21 HbbHLH FEIN 3 ¥ 1 084 bp )

LSEkh t kb=
i Likh
| kb e
G by +h by
BEG up
300 ba 290 by
5

Note: A. Actin amplification; B. EST amplification; C. Recombinant plasmid by enzyme digestion.
4 3'RACE w%[&
Fig.4 3'RACE cloning

Fa) (185 ) , Horb 3" 4R 4565 Xy 308 bpo

76 NCBI X} i s p % 1 084 bp (1) HbbHLH 3£1H 3 i
FIHEAT blastx [FJ LA, 45 R 405K 1 Pis, i 27 51 2
bHLH [a] J5 2y REL5 41, J& T bHLH ZZRHE K 1) MYC 72,
SRS H K EL DR FOKFUKRESE MYC & [H
A5 R 46% 44% 44% 43% 41% F1 38% -

75 DNAman i i 21 B 7 571 B 2R 1) (4]
6 ), J1] pfam T HXZEEERR ¥ S HEAT /3BT R W] 1% o ke Fr Be
T#7E Helix -Loop-Helix DNA binding domain ( [&] 6 2 {355t
KR53 ) 58 AL T AN oA T Stis e g . i —
AT prosite 3 HTRM] IZBE R T MYC £ HLH Z544 8 .
2.4 FFEPCRAOM RAEESR PCR 7k, L actin
KA N2, DA ST TR AL B A X6 B XS SR AR AL R 4 h 8 h
1.d2d.3 d JFizBE NI AT 0o SRR R AR AL
5, HbbHLH FER 323K 75 8 h Pk ,8 h.1 d.2 d £k
FesE e, 3 d J Rkt FRE (B 7)), X R B R FT R 0 % 5k [
Rk HAT PR

CAMA GGG CARG T M JA T T AAATAL AGATTCCT AATACTTGTCTCCTTRATATTGRCACET T
TIONGETTCTCARAAGGAGADE TTTACC S AR AT CAAARTCANG A 00 AT ALLLATANG A4 AT ATGC
A T SRR GO DB TCA TR TETURCTCL R 000 T TG IGAT TETIATIOCAMT TTTRG TRCTORA
AATACEATEGTTTEANGARAAGAGTANG KANCEAACT AALCITCEAAT RATTRECTATARA T
EOTTCANG EEAG AR AL TG T 4G hG AGACECTEARTE KTEGATTC T ATGRATTOCGATCTES AT
TOCTAATS TOTC RANG ATS0 0 ik SCATCTCRACTAGC AR ATGRAGTTASTTACATCAADGROLTE
AAD DAL T T TOATCAATT G ACTCCARACT RS AT O TATOCAAG AARTC CANGAG TACAARG
BT CACTGAT AT ARG CACTG ATTOC ATOAT PCATCATATO ARG TCTTETTCARGTTACARASCCA
A DOARTO CAATTCE AT OTGAC AT TAGT ATOE J AMC TR TOATARG ATTCCTE TOCOUARATGT
TART TRCC RS CTU ARG TTRATGGATG TAS TTAGAGAMG TAGAGT TCALAGTTCATC ADGEALGT
RTOTCRAGCATTAAS DAS ATOO TOCTTCAAGATS TIOTC T TATAST TOCTOANGE ACTCHCAC AT
ARGAAG T CIGAG ARG T COCATTC T TCARAGARTEL AG ARCTAAT T RAGLICETIGIIGATCICAT
ATTRAGOAAC A TAAA AT T OO CAACG O T TOT T TAN T T T CAT TTT TETCORATAATT TOCOTER
T e T AC AT T TET O TA T TA CAA RO AR CANC AA T ATTATT AAAATTATIO TTTOACTE
BT LT T TG T TTTT ST A T T T ST On T T T TOTAKTT TR TTTEAC TO TIGTTCO TT TTIGTAGTTIC
CATTOTTC T TARKATCATTAT TG TG TTTRAGC T TTRTTRAT TIT IS TGO TAAARAANAA AAARA

achdAdRAL ALK CTCTECETTCATACCAL TECTT)
VKL TAA 281k %05 F, THEN Ry 3'RACE 54538530

Note : Overstriking TAA is the termination codon, and those in panes
are 3'RACE primers.
5 EST 5 3'RACE FHIH 4R
Fig.5 The assembly sequence of EST and 3'RACE
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Table 1 The homology analysis of HbbHLH
o FT % e HBITE -
definition E-value
Species Latin name Gi No. Similarity
EURERAS Arabidopsis thaliana 15223256 46% ATMYC2 (JASMONATE INSENSITIVE 1) 2e-34
H% Brassica oleracea 151383081 44% MYC 4e33
KEFHE Catharanthus roseus 33339705 44% MYC2 le32
LA BE Solanum tuberosum 45421752 43% MYC transcription factor 4e32
KA Oryza sativa 12643064 42% putative MYC TF le30
5 S Zea mays 4321762 41% TF MYC7E 2e30
% Vitis vinifera 149347186 37% Myc2 bHLH protein 9e 22
INAZ Triticum aestivum 1702428 38% bHLH TF 5e-20
S22 30k

EEPEHES T L TR ABEET FTCE ¥ EC DR DA T O B8 EAR EDAD SHITAS
FICHFEE SR LN S L P INE VT ATFRER TR NERFY AT RAA VP VEEMDE ASLL ADANTYL
KL E ATV T EL L E AV SRR ER ST SO ETo S IR B S YE AR CELL TIV SEEAMIET
LEPDVHYPAARLMD Y LEEY TP VHHARMER R VLD ¥ VR VETOL T EEVY REATLQRMIE

E 6 # 5/ HbbHLH EHSEERFSI
Fig.6 Amino acid sequence of deduced HbbHLH protein

bR

ACT
a I h A h L d 1d id
BE7 FHERACEFRACRR B i HbbHLH )% JRi%

Fig.7 Differential expression of HbbHLH in bark after treated
with JA
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bHLH e 5% A7) FL b Cl ) 2 e FIwESE  H H
HXT TR DHLH %% 5 PR 73[R 1) s e 33k K D eI oY
EBA RGERIGE L IZITE R AR R vh e bHLH #%
SR T FE R FAERR I W B v A7 SR TR Acb PR ] ) BE
IR EH AR B LU 3845 T —> bHLH %%
SR TR 3 %41, %Ak R T bHLH %5 71 MYC
W28, FR T R I SE I TEAR A Bz 42U b (238 32 A

SRATRAE - FARBFLA 1001, S 4 FLAE 1 i
KHEN T B AR AN R AR 5 5 LA SR AR
S AT A 38 I )t 2l DR 26 D] g ik i 5 | R LA 234k H i
A, MYC (Myelocytomatosis ) % 5% Rl & bHLH %% 5%
FrhE B — K2, K MYC %Y bHLH %58 R 7 5 2 76 4y
AT R S S YA R B BN
ARG IT RS PG £LAG SR v, B T V2 MR SR F TR (R
S MYC 555 R T35, a0 JAMYC2  JAMYC10 i1 AtMYC2
4 EFIR T FX BRI RIE D . 2% Bk MYC A
bHLH %% s ] e HAWAE ) B9VE T R 45 ST FE i s
SEAHEN MYC £ bHLH %% 5% 5 511 nT BETESR AR5 AR
R FLAE 3 A )3 A ke 2 A R T 50K A BT SR A
R AR FLAE AR I 707 ML B G B AL il
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TEFFHI LT 9 FERL B R JH MEGA3. 1 # ) NJ (Neigh-
bor-Joining ) AR 1 R GEHE A , AR E MaCBL1 15 R el ik
A . Z5ALNIE 4 TR, MaCBLL 5 HABAE Y A 44
B VAT FRAE KRS B9 CBL LN A Z LI ¥ 91 5 4 - &
B IR — PR | o

PaCEL ABCHT90T

PRI ARHGGE0
PHOBLG ABM 366
Bl 10 DG
Ml T ALNTREAG

il T |

(CRL] ABATG3EE

I— O BL AAPSSME

il

LCHELD
FOLHLD M b

(AT AANZ(3BE
SICHL O S0E2:
PICRA -2 ABM3bES
CHIA ARJIRTOD
PUlHA AEDEG03

B4 MaCBLl SNEERF I SEMENSAEEEESE
B8 17 5 i R et L

Fig.4 Phylogenetic tree of the deduced amino acid sequence of

LEs WP 6]
(PCHLE NP 1769

SiCHLS AMLTRANL

MaCBL1 and the amino acid sequence of calcium regula-
ting messengers in other plants
3 Fig5iTie
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