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Cloning and Sequence Analysis of PHLH Gene from Taxus chinensis var. mairei
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Abstract We cloned a new bHLH transcription factor named TeMYC by RT-PCR technology from Taxus
chinensis var. mairei with GenBank accession number KC878013. By the Blast analysis it belongs to MYC
subgroup. By the bioinformatic analysis the sequences length of TeMYC is 1 959 bp encoding one opening
reading frame with 650 amino acid residues with hydrophilic property. The molecular weight of TcMYC is 71.4
kD and the theoretical pl is 4. 87. The predicated protein TcMYC is localized to cell nucleus as well as
contained one helixdoop-helix structure. By Blast and multiple sequences alignment analysis TcMYC shares
8% 45% and 44% identity with Taxus cuspidata Vitis vinifera and Nicotiana tabacum respectively. The
constructed tree shows that the MYC transcription factors of the plants belonging to the same family clustered
together and as Taxus is a gymnosperms plant TcMYC and TaMYC are not clustered with other angiosperms
plants. The expression of TcMYC is a little declined in Methyl jasmonate induced Taxus cell culture. TeMYC
may regulate Taxol biosynthesis in negative.
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1.2.2 bHLH
o NCBI( http: //www. ncbi. nlm. nih. gov)
bHLH( basic HelixJ.oop-Helix bHLH) GenBank ( 2012 11 5 )
“pbHLH”  “Taxus”
o bHLH 60 hit FJ608574 query
DNA ( Basic region) o Blast
1- «- 2 ( Helix 1d.0op-Helix 2) o 98.59%
bHLH MYB Scaffold
o (Ar- 1o 1.2.1
abidopsis thaliana) | ( Oryza sativa) RNA cD-
N bHLH 7 NA 2 x
bHLH PCR reagent PCR 25 pL
N . PCR :95°C 3 min 95°C 30
R bHLH 5 579C 60 s 72°C 90 s 30 times. PCR
° 1. 0% 1.8
bHLH kB . DNA
( ) PCR
( Taxus chinensis) pMDI19-T vector
13 bHLH ( Takara ) PCR
Scaffolds " . Invitrogen .
( Taxus chinensis var. PCR . Gen—
mairet) bHLH Bank Blast o
650 ORF bHLH
MYC 1
Table 1 The primers list
( Methyl jasmonate MeJA) Forvard prer Reverse primer
( Taxus x media) ° TeMYC ATGATGGGGAACGA-  TCACCTAAGGCCA-
GGGGAC GAATCTG
1 TeMYC GACCTAGGGTTTGG- ~ GCAGAAGCCACTA-
GGTAGA AGCTCTG
L1 . AAGAGAAGCTTGCT-  TCTGATATCCACAT-
1 aetin TATGTAGC CACACTTC
_80°C ) 1.2.3  TeMYC
. ExPaSy. WOLF PSORT
1.2 TeMYC . .
1.2.1 RNA cDNA ( 2)
CLUSTAL X 1.81 MEGAS. 0
( neighbor joining NJ) o
. 1.2.4 MeJA
RNAout (
) RNA. RNA MeJA (6 7V )
M_MLV ( Promega ) MeJA Sigma 200 L« L7
cDNA -20C MeJA
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Table 2 The softwares of informatics analysis

Ttems Softwares

Online webs

Physical and
chemical properties

Conserved domains CD Search
search
Secondary structure SOPMA
prediction
/
Hydrophilic/ ProtScale

hydrophobic analysis

WOLF PSORT

Subcellular localization ~ Cell PLoc 2.0

ExPaSy-Protparam http: //www. expasy. org/protparam/

http: //www. ncbi. nlm. nih. gov/
Structure/cdd/wrpsb. cgi

http: //npsa-pbil. ibep. fr/cgi-bin/
npsa_automat. pl? page = npsa_sop-
ma. html

http: //web. expasy. org/protscale/

http: //wolfpsort. org/
http: //www. cshio. sjtu. edu. cn/

bioinf/Cell PLoc2 /
http: //npsa-pbil. ibep. fr/cgi-bin/

Motif analysis ProScan npsa_ automat. pl? page = /NPSA/
’ npsa_proscan. html
Tertiary structure Phyre2 http: //www. sbg. bio. ic. ac. uk/
. phyre2/
prediction
1.2.5 TeMYC
MeJA
RNA cDNA Te—
MYC ( 1 actin
PCR - PCR

20 pL 10 pL 2 x SYBR Premix Ex Taq

( Takara )
. PCR

95C 5s 55%C

PCR 3

Blast

PCR

0 NCBI

( Taxus cuspidata)

MYC2

1 pL

1 L cDNA
£ 95°C 30 s
34 5 40 .

REST2009

bHLH
RT-
1979 bp

650
BlastX
MYC

( Vitis vinifera) .

98 %
( Glycine max)

45%  44% o

TeMYC( Gen—
Bank accession number KC878013) .
2.2
1 DNAman N
. . ( Nicotiana tabacum) .
( Catharanthus roseus) . MYC
TeMYC
MYC bHLH N
C o NCBI
Conserved Domains Search Service ( CD
Search)  TeMYC
2 N MYB/MYC
C HLH o
2.3 TeMYC
ExPaSy-Protparam TeMYC
71.4 kD
pl 4.87 ( instability index)
44. 12 ( Aliphatic index) 77. 62
( Grand average of hydropathicity GRAVY)
- 0. 458
2.4 /
/
ProtScale  TeMYC /
( 3 TeMYC
o TeMYC o
2.5 TeMYC
SOPMA  TcMYC
3 o -
( Alpha helix) 35.23% ( Random
coil) 52. 15% ( Extended strand)
10. 15% «- C
N N C-
( 4.
2.6
WOLF PSORT  TecMYC
TeMYC
> o TeMYC
o CellPLoc2. 0
TeMYC
o TeMYC
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1 TeMYC MYC TeMYC. s JAMYC. ; NTMYCl1b. ; CRMYC2.
s ATMYC2. ; VVMyc2.
Fig.1 Multiple alignment result of TcMYC and other plant MYC proteins TcMYC. T. chinensis var. mairei; JAMYC. T. cuspida—
ta; NTMYCLb. N. tabacum; CRMYC2. C. roseus; ATMYC2. A. thaliana; VVMyc2. V. vinifera

2 TeMYC

Fig.2 TcMYC conserved domains search
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NPS( Network Protein Sequence Analysis)
ProScan  TeMYC
TeMYC
o 3 N
( N-glycosylation site) 1 cAMP-
cGMP ( cAMP-and cGMP-

dependent protein kinase phosphorylation site) 6
C ( Protein kinase C phos—
phorylation site) 17 11
( Casein kinase [l phosphorylation site) 3
N- ( N-myristoylation site) 1
( Amidation site) ( 3) o

4 TcMYC

3 TeMYC NPS
Table 3 Scanning of TcMYC protein for site/signatures

with ProScan software

) Randomized
Motif model probability

Format name No. Motif model

269 to 272 NNSA
481 t0 484 NVSK 5. 138e-03
560 to 563 NNSK

N

N-glycosylation site

PSO0004  N{P}- ST {P}

cAMP- ¢GMP

cAMP-and ¢cGMP-
dependent protein kinase
phosphorylation site

PS00004  RK (2) =x- ST 11210 115 KRVS  1.572e43

111 10 113 SKR
] 349 10 351 SYK
424 10426 SIK
PS0000S ST =-RK o157 10 THK
584 0 586 SPK
612 to 614 TVK

1.423e402

Protein kinase C
phosphorylation site

83 10 86 SDPE
105 to 108 TDEE
119 to 122 SAFE
124 10 127 TASD
126 10 129 SDQE
153 10 156 STVD
160 to 163 TDEE
194 to 197 TGPE
251 10254 TFTD 1. 482¢-02
385 10 388 SFAE
412 10 415 SSVE
419 10 422 SDIE
424 10427 SIKE
434 10 437 TFVE
483 10 486 SKMD
612 10 615 TVKE
643 to 646 SVAD

I

P00006 ST =(2) - DE

Casein kinase I
phosphorylation site

68 to 73 GASASW

- 0
V]\ ristovlation sit PS00008 (E-Z{)F—DSF'{TT(?EFNY‘-H’} 558 t0 563 GLNNSK' 1.397¢-02
N-myristoylation site X / 628 10 633 GIVYSQ

PS00009  x-G- RK - RK 443 t0 446 RGRK 8. 636e-04

Amidation site

a ) : )

Fig.4 The predicated secondary structure of TcMYC Blue: Alpha helix; Red: Extended strand; Purple: Random coil
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Fig.5 3D structure of TcMYC

Fig.6 Phylogenetic tree of TcMYC and other plant bHLH transcription factors
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Fig.7 The expression of TcMYC in Taxus x media cell

cultures under MeJA induced



58

35

dbat

TecDREB
TS( Taxadiene synthease TS) 4
o bHLH

MYC RTPCR

o TeMYC MYC bHLH

MYB/MYC

bHLH MYC2 o

TeMYC bHLH

MYC bHLH

o

( bHLH basic helixdoop-helix) C-
MYC
DNA bHLH

17

o

bHLH MYC2 GA
JA

JA MeJA
19-20 TeMYC MeJA
7d

MeJA
o MeJA
6 TeMYC
contig (E< -10) 3 MeJA

3 MeJA

21

bHLH

22

PEG bHLH
bHLH

TeMYC

J. 2009 29
(5) : 0867 —0873.

J. 2003 26( 10) : 67 —
71.

. Cragg G M Schepartz S A Suffness M et al. The taxol sup—

ply crisis. New NCI policies for handling the large-scale
production of novel natural product anticancer and anti-

HIV agents J .J Nat Prod 1993 56: 1657 — 1668.

.Ding WN YuZM Tong Y L et al. A transcription factor

with a bHLH domain regulates root hair development in

rice J . Cell Res 2009 19( 11): 1309 —1311.

. Kong Q Pattanaik S Feller A et al. Regulatory switch en—

forced by basic helixdoop-helix and ACT-domain mediated
dimerizations of the maize transcription factor R J . Proc

Natl Acad Sei USA 2012 109( 30) : E2091 -2097.

. Schaart ] G Dubos C Fuente I R D L et al. Identification

and characterization of MYB-bHLH-WD40 regulatory com—
plexes controlling proanthocyanidin biosynthesis in straw—

berry ( Fragaria X ananassa) fruits J . New Phytol 2013
197(2) : 454 —467.

. Osorio M B Biicker-Neto L Castilhos G et al. Identifica—

tion and in silico characterization of soybean trihelix-GT
and bHLH transcription factors involved in stress responses
J . Genet Mol Biol: 2012 35( 1) :233 - 246.
bHLH
DYT1 I
2009 38:74 -182.

.Zhang Y Mayba O Pfeiffer A et al. A quartet of PIF

bHLH factors provides a transcriptionally centered signa—
ling hub that regulates seedling morphogenesis through dif—
ferential expression—-patterning of shared target genes in Ar—

abidopsis J . PLoS Genet 2013 9( 1) : e1003244.



1 : bHLH 59

10. Leivar P Monte E Oka Y et al. Multiple phytochrome-in— 2008.
teracting bHLH transcription factors repress premature 17. Murre C McCaw P S Baltimore D. A new DNA binding
seedling photomorphogenesis in darkness J . Curr Biol and dimerization motif in immunoglobulin enhancer bind-
2008 18(23):1815 -1823. ing daughterless MyoD and myc proteins J . Cell 1989
11. . bHLH 56(5) :777 -783.
TaHLH1 J . 18. Hong G J Xue X Y Mao Y B et al. Arabidopsis MYC2 in—
2013 36(1):1-5. teracts with DELLA proteins in regulating sesquiterpene
12. Matus J] T Poupin M J Cafién P et al. Isolation of WDR synthase gene expression J . Plant cell 2012 24(6):
and bHLH genes related to flavonoid synthesis in grapevine 2635 -2648.
( Vitis vinifera 1..) ] . Plant Mol Biol 2010 72( 6) : 607 19. Ketchum R E Rithner C D Qiu D et al. Taxus metabolo—
-620. mics: methyl jasmonate preferentially induces production of
13. . taxoids oxygenated at C43 in Taxus X media cell cultures
C . : J . Phytochemistry 2003 62( 6) : 901 —909.
2011. 20.
14. Pfaffl M W Horgan G W Dempfle L. Relative expression
software tool( REST) for group-wise comparison and statis— J. 2002 22(1):78 —83.
tical analysis of relative expression results in real-time PCR 21.Sun G L. Yang Y F Xie F L et al. Deep sequencing re—
J . Nucleic Acids Res 2002 30(9) : e36. veals transcriptome re-programming of Taxus x media cells
15. . dbat to the elicitation with methyl jasmonate J . PLoS One
1. 2009 2013 8(4) : e62865.
117 - 120. 22. . bHLH
16. . AP2 J. 2008 6
D . : (3) :425 -431.

7 . 1500 ( )
49 108 30 . (
» “ "

( )



