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Clone and expression analysis on gene HoNTL2
from Hevea brasiliensis Muell. Arg.
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Abstract: The whole open reading frame (ORF) sequence of a membrane-associated NAC transcription factor gene,
HbNTL2, was cloned and analyzed by using reverse transcription polymerase chain reaction (RT-PCR) and Real-time
PCR, and yeast was adopted as a material in the transactivation assay. The results indicated that HONTL2 belonged to the
ANACO001 subfamily with an ORF of 1 380 bp and encoded a protein with 459 amino acids. A conserved NAC domain
(12-167) and a transmembrane motif (433-453) were respectively identified at the N—terminal and C—terminal from
motif analysis, the result of which indicated that HbNTL2 was a membrane-associated protein. Results from
transactivation assay in yeast cells demonstrated that HONTL2 assumed the function for transcription activator, and its
activation domain was located at the highly divergent C—terminus. The expression level of HONTL2 in leaves was higher
than that in other parts of the rubber tree  and could be induced by tapping, jasmonic acid (JA), ethyphon (ET) and cold
stress. The results suggested that HONTL2 might be play important roles in the regulation of growth, development and

stress responses.
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Fig. 1 Nucleotide sequence and deduced amino acid sequence of

HbNTL2 from Hevea brasiliensis
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Fig.2 Phylogenetic tree of HONTL2 and membrane-associated NACs from other plant



606 ( ) http://xb.ijournal.cn 2015 12

HBNTL2 MCAHLDTHELSOPLHEEREPSE - Pl R &YSNSH. R 107
BONACE9 3 ..civcsssnssnasnasns R R HASERRKGT! 90
Brag08553 .issessssasvanians M +ISARBNVT] g9
Bra038296  yeseivEip e aeie ¥, W N...NRG.RG 8s
Bra036327 R .E HBSEB'E(GI S0
NTL10 W N...NEGNRQ 87
NTL12 5K . INPgMKH 80
NTL13 oI . TSRRERVIEgS g9
A C
HBNTL2 KIRHEKAEETG. .. ... R R nmws:sxpr. 3 s PEIHE 5w LQCEGEFIQFMCAEVONGRVGID 202
BnNACES K. [KREH. . ... GV K KAANG.V e, o ! GDSLYG.NNSNALSHSMVSCLNIVREIN....TA 186
Bra008553 REGN..... GV, B RVENG.V we . IR GDSLYG.NSSNEPSSSMVSDSNPVEEFIN....TIS5 185
Bra033296 DPV RWEN.LTGFRG R TES. KSS5SS.5VS! : C i [VRILS...... TPTFAPTMANSASSAVDQSLGGEN 187
Bra036327 XORIIREKRGE. . . . . GV K KARNG . VGE - N GDSLYG.NNSNALSHSMVSDCLNTIREIN....TA 186
NIL10 ESV. FCSEGFRG R RYPLK.TKS . . 3 DILSAYAICPTPAFVPNMISSAGSVVNGSRGRN 193
NTIL12 a [KREN . . ... GV B KSPHG.V BOVENRE. . .... EAAEISYEPSPSLVSCSHIVIAITGEFPEPE i8es
NTL13 i RG 3 RVEKG.V LN} EBGDVPSGGNNSSEPSGSLVSDSNIVRATSE.. . TA 187
D E
HbNTL2 SEQVQCSHICPTGMIPGREESG QRVS. .DRHLPLTSCFENGPEGLDLLLS..... b 304
BnNACES BQVEQPRQE . . LYLSVDDEANE! DDPS...LENPDTLENES. ..ouovrnenrns.. a ...... : 270
Bra008553 PEVEQQGQE . . CGMSMYDELIF. [VDLSPYCVFNPNKSETENNY....... Y..PCIFYGHCYWNGLLLCYNGG...... NFEDVFRNGEL' R 278
Bra033296 SGHYNTLSEYLS. . . GYQENGHN. QSFQGYSEYFNPTSEYELANQSNNWESN. . LGQQGVEYSAPYQDLS . CVWRGVVEEDWPSLIDERT E X 291
Bra036327  PQVEQPRQD..LYLSVDDEANE CDES...LENEDTLENES.....0.0n. . YWEBEYINDLLGFNGG. . . . . . NYDDVLRAEDI F 270
NIL10 SGSYNTYSEYCSANHGQQENENSNIMG. QQPLQGSENPLLE EANHGGQWLSEYIELQQQVP!LAPYENESEHIWRHVIEENFEELVDERT 302
NILi2 LOVEQPGRENLLGMSVLDEIEP EEPQGPHJPNBBEEIRG .............. LRHmRGIVE!LEhNEENHBG lSHNL‘LRIFMIVGQEBLSEWEEENABIEF 279
NTL13 LEFEKPGQENFFGMSVDDEGTIPR EDFSLNEVLBPDMI.ES‘NNN PTVHPQAP..HLTPN EFI.GGLRHVNREQVEYLFANEDEISRPTLS‘TENRNEBKALQI 295
HbNTL2 NCEAAR. ..SEEYCHMREFVSGR QGLEPIFGVGEGPIPLEFSSRESICKPLECWEYCSYGRSMGLATICYS.. ... .. PPAIKSSTVSTVSNISCRYMERSKEPARPYWNL 405
BnNAC69 IvDCE. . SDSDAE sgsvc PDSFHSLSA. . .QFHTSGDEIPSLRRDSCTDINEHAE .. .00 .u . INRKTRKAHLTRRTVPSKQEVNEGRSKAVN . ASVDRKK 366
Bra008553  IVDDSC.SDSDAESISATSYR e I DSDGSVDEILSLRRGSSEDII.....0vun.n. INRNARESRETRRT IPSKQEVKEGKSKANCCASMOKTIL 365
Bra033296 FVGLDSS.CDLCTDSTEAGKGTWS VGSKOCVPYHAPKDATPSLSTVEPLYNDSSCDLCTLSTIGRGIWRST GSNNVPYHAPRYATPSLSTVEPLYNDEPQEQPKQLML 400
Bra036327 IVDECS. .SDSCAE SFlSYQ PDSFHSLSA...QFHTSGDEIPSLRRDSCTDIKPHAE........ INRKTREKAHLTRRTVPSEQEVNEGKSKAVN .ASVDKKK 366
NTL10 LEDDSS . CTETGSMIFELTSS GSSCEPGHTRIDDIBSLNITEPLHN. .. vvuvanrrnrnnrrnrancnsses WBB e wnisit sine mioinin v enis QEQEKG. .. 361
NTL12 SCNNN. .NYNLNVEHQLEPYGDGYLNAFSGYNEGNFFDHELVMQENRNDHMPREKEVIG. . . TICYSSDSGSCAGSISITIVEQEIF....RAVLD. .AFMNNE 369
NIL1i3 IVB‘:'ESDSNSIH\E*S SYGdﬂFGEESVGSSHRQE!’.QTGGDEILSSCNDLCTYGEF ............ 'ISSSTRQSQLTRSIIRPKQEVKQETSMVESDTSIEKE 383
HbNTL2 RPTGSSENDWEVSSECPLITFSINRSHSLSVCIVNVLEGLAVEILIVHEMLIRE. ... ... ivvtennenracrannnnas 459
BnNACE9 5555  TEKEGW EAMCR RPRYINLMNMIIGLILLVAVIGN.ITSVSLSVET 425
Bra008553  SP..IMKTERRGWESTEEAIGR.NHENAPYI¥FMNMIIGLILLVAVICN.IIWVIGLILLVAVIGNIIWEYEASENEPALE 442
Bra033296 QLQGKCRVINECK SECEWKRAEDS IBRAFSTRAVKCSWIVLEEISQRKSRWIYLEN, IVGLLLFIIFIIGWIILLG. ..., 475
Bra036327 5555 ITE] Gﬂl-'l EAMERﬂ KPRY LMNHIIBLILI.VAVIGN.II‘SVSI.SVKI ..................... 425
NTL1i0 .« QSKERVISSCRSECEWKMAELDSIBRIPPSTNTVKGSWIVLENAG. ... . WNYLEKNMIIGVLLFISVIS.WIILVG..... 429
NTL12 S5..L Ieaenii nmsza.l RERE Lnknximsvupvxauwam ............... aruecs 423
NTL13 55.. EAMER.NRNNPRYTSLMRMITGFILLLALISN. IISVLGNLNFPAMEFCRER 457
NAC domain 5 (A~E)
El3 HONTL25R—TiREEANACEB L EFT LI 45 R
Fig.3 Multiple sequence alignment of the HONTL2 with other membrane-associated NAC proteins belonged to the same subfamily
NN
2.2 HLONTL2 7ZEEE B hpyst R EETNRE SR pGBKT7-HbNTL2-N(1-172aa) pGBKT7-HbNTL2-C
HENTL2 (173-459 aa) pGBKT?7
3 ()

pGBKT7-HbNTL2-F(1-459 aa)

& oo [N
seucr s - A [T
—— 1172e

pGBKT7-HbNTL2-C m—' | 173-459aa

SD/-Trp SD/-Trp/-His/-Ade SD /-Trp/-His/-Ade/X-a-gal
A B HbNTL2

El4 HONTL2BYERHIE R LR
Fig.4 Transactivation assay for HONTL2



41 6 HbNTL2 607

2.1

( 4-B) SD/~Trp |
pGBKT7-HbNTL2-F s | BFr o oh

pGBKT7-HbNTL2-C SD/~Ade/~His/~Trp 12 L
X-o—gal 09 |
HbNTL2NAC pGBKT?7 06

gran in I I}

C 0 8 36 72
/h
2.3 HbNTL2 EERFTIESH El7 ZHET)FFEFBLJA) R REALIER B HONTL2EY

Ax R E
Fig 7 Expression level of HONTL2 at different durations by

Real-time PCR

HbNTL2 . o
ethephon (ET) and jasmonic acid (JA)
4
; B #E501 p93-114
2
40 ( 5) HbNTL2
HbNTL2 Lot
( 0 0 J . . .
ET JA HbNTL2 0 2 4/h 6 8
El8 {EEMME REAIERA EHDNTL2E 3T ik 2
72h ( 7) Fig. 8 Expression level of HONTL2 at different durations of
93-114 501 low temperature stress
HbNTL2 4°C
HBNTL2 (8 3 #it5itie
50 NAC TFs
40 | N- A B C D E 5
0 L NAC domain C-
(TRR'™¥ NTL NAC
20 |
NAC
. @ “ "
0 1 1 I - | (MTF)[Sig] HbNTL2
A HETE e W
NAC domain NAC
E5 BEmEGRMAREHSAFHDNTL2HMEX Rk E C-
Fig.5 Expression level of HONTL2 in different tissues of Hevea NAC
brasiliensis
.\ NAC
NAC TFs
3t
2t [3,13-22] Kim [9,14]
0 1 é 1 A |
1 4 7
E6 AREZRIIRERF FHONTL2HMEN RIEE 13 NAC MTFs

Fig.6 Expression level of HbDNTL2 in latex at different tapping time NTMI(NAC with Transmembrane Motif 1)



608

)

http://xb.ijournal.cn

2015 12

HbNTL2

[13]

NTL

ABA)

related PR)

PRI

NAC NTL6
(abscisic acid
NTL6
(pathogenesis—
PR2 PRS

[20]

(blood—fleshed peach)

NAC BL
NAC
MYB
[23]
HONTL2
ET
Shan 334 NAC
ET ET
ICE1-CBF
ET JA
HONTL2
ET JA
10 C
(35] 18
[35-38]
93-114
501 HbNTL2
HONTL2
ANACO001

NAC

S K-

(1]

[10]

[12]

Olsen A N Emst H A Leggio L L et al NAC
transcription factors Structurally distinct functionally
Trends Plant Sci 2005 10(2) 79-87
Ooka H Satoh K Doi K etal Comprehensive analysis
of NAC family genes in Oryza sativa and Arabidopsis
thaliana[J] DNA Res 2003 10(6) 239-247
Puranik S Sahu P P Srivastava P S etal NAC proteins

Trends Plant

diverse[J]

Regulation and role in stress tolerance[J]
Sci 2012 17(6) 369-381

Le DT Nishiyama R Watanabe Y etal Genome-wide
survey and expression analysis of the plant-specific NAC
transcription ~ factor family in soybean during
development and dehydration stress[J] DNA Res 2011
18(4) 263-276

Singh A K Sharma V. Pal AK etal
organization and expression profiling of the NAC
transcription factor family in potato (Solanum tuberosum
L)[J] DNARes 2013 20(4) 403423

Shiriga K Sharma R Kumar K et al
identification and expression of drought-responsive
Meta Gene

Genome-wide

Genome-wide

members of the NAC family in maize[J]
2014 2 407417

LiuTK SongXM Duan WK etal
analysis and expression patterns of NAC transcription

Genome-wide

factor family under different developmental stages and
abiotic stresses in chinese cabbage[J] Plant Mol Biol
Rep 2014 32(5) 1041-1056

Seo PJ Kim S G Park C M Membrane-bound
transcription factors in plants[J] Trends Plant Sci 2008
13(10) 550-556

Kim S G Lee SM Seo PJ

screening and molecular characterization of membrane-

et al Genome-scale

bound transcription factors in Arabidopsis and
rice[J] Genomics 2010 95(1) 56-65

Satheesh V' Jagannadham P T Chidambaranathan P
et al

NAC transcription factor genes Genome-wide

identification phylogenetic ~motif and cis-regulatory
element analysis in pigeonpea (Cajanus cajan (L.)
Millsp.)[J] Mol Biol Rep 2014 41(12) 7763-7773
Wang BY GuoXH WangC etal Identification and
characterization of plant-specific NAC gene family in
canola (Brassica napus L.) reveal novel members
involved in cell death[J] Plant Mol Biol 2015 87(4/5)
1-17

Puranik S Sahu PP Mandal SN etal Comprehensive
genome-wide constitution and

survey genomic



41 6 HbNTL2 609
expression profiling of the NAC transcription factor HbNAC1 [
family in Foxtail millet (Setaria italicaL )[J] Plos One 2012 28(34) 1-11
2013 8(5) e6459%4 [26] HbNAC24
[13] KimY S KimSG ParkJE etal A membrane-bound [J] 2014 34(12)
NAC transcription factor regulates cell division in 2374-2381
Arabidopsis[J] Plant Cell 2006 18(11) 3132-3144 [27] HbNAC33
[14] KimSG KimSY Park CM A membrane-associated [7] 2014
NAC transcription factor regulates salt-responsive 334) 1-8
flowering via FLOWERING LOCUS T in [28] NAC
Arabidopsis[J] Planta 2007 226 647-654 HbNTL1 [
[15] KimSG Lee AK Yoon HK etal A membrane bound 2012 28(31) 7-14
NAC transcription factor NTL8 regulates gibberellic acid [29] An ZW WangQT HuYS etal Co-extraction of
mediated salt signaling in  Arabidopsis seed high-quality RNA and DNA from rubber tree (Hevea
germination[J] PlantJ 2008 55 77-78 brasiliensis)[J] Afr J Biotechnol 2012 39(11)
[16] LeeS SeoPJ Lee HJ etal A NAC transcription factor 9308-9314
NTL4 promotes reactive oxygen species production [30] JinJ P Zhang H Kong L etal PlantTFDB 3.0 A portal
during drought-induced leaf  senescence in for the functional and evolutionary study of plant
Arabidopsis[J] PlantJ 2012 70(5) 831-844 transcription factors[J] Nucleic Acids Res 2014 42(1)
[17] Li P Wind J J Shi X et al Fructose sensitivity is 1182-1187
suppressed in Arabidopsis by the transcription factor [31] Tamura K Peterson D Peterson N etal MEGAS
ANACO089 lacking the membrane-bound domain[J] P Molecular evolutionary genetics analysis using maximum
Natl Acad Sci USA 2011 108(8) 3436-3441 likelihood evolutionary distance and maximum
[18] Li P Zhou H Shi X L et al The ABI4-induced parsimony methods[J] Mol Biol Evol 2011 28
Arabidopsis ANACO060 transcription factor attenuates 2731-2739
ABA signaling and renders seedlings sugar insensitive [32] Livak K J Schmittgen T D Analysis of relative gene
when present in the nucleus[J] PLOS Genet 2014 10 expression data using real-time quantitative PCR and the
(3) el004213 274CM method[J] Methods 2001 25 402408
[19] Nuruzzaman M Sharoni AM Kikuchi S Roles of NAC [33] Shan W Kuang J F Chen L et al Molecular
transcription factors in the regulation of biotic and abiotic characterization of banana NAC transcription factors and
stress responses in plants[J] Front Microbiol 2013 4 their interactions with ethylene signalling component EIL
248 during fruit ripening[J] J Exp Bot 2012 63(14)
[20] Seo P J Park C M A membrane-bound NAC 5171-5187
transcription factor as an integrator of biotic and abiotic [34] ShanW KuangJF LuWJ etal A banana fruit NAC
stress signals[J] Plant Signal Behav 2010 5(5) transcription factor MaNACT is a direct target of MalCE1
481-483 and involved in cold stress through interacting with
[21] Yang Z T Lu SJ Wang M J et al A plasma MaCBF1[J] Plant Cell Environ 2014 37(9)
membrane-tethered transcription factor NAC062/ 21162127
ANACO062/NTL6 mediates the unfolded protein response [35] [1]
in Arabidopsis[J] PlantJ 2014 79 (6) 1033-1043 2009 11(3) 26-28
[22] YangZ T WangMJ SunL etal The membrane- [36] HbCBF1
associated transcription factor NACO089 controls ER— [1]
Stress-Induced programmed cell death in plants[J] PLoS 2010 31(9) 1433-1438
Genetics 2014 10(3) 1004243 [37]
[23] ZhouH KuiL W Wang HL etal Molecular genetics [7] 2012 33 (7) 1320-1325
of blood-fleshed peach reveals activation of anthocyanin [38]
biosynthesis by NAC transcription factors[J] Plant J [1]
2015 82(1) 105-121 2012 48(4) 318-324
[24] HbNAC1 s e e
] 2012 20(5) AR TR
469-474 EL A T &
[25] NAC



