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Identification and characterization of a VOZ transcription

factor in Syntrichia caninervis using profile HMM method
GAO Bei'?, LI Xiaoshuang'?, ZHANG Daoyuan' "
(1.Key Laboratory of Biogeography and Bioresource in Arid Land, Xinjiang Instate of Ecology
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Abstract: As VOZ gene is highly related with evolution and development in plants, the prediction and
characterization of a VOZ gene in the stress-tolerant desert moss Syntrichia caninervis will help reveal its evolutionary
history. Furthermore, it may also serve as a stress resistant gene for further molecular analysis. The VOZ-domain is a
conserved functional DNA-binding domain in VOZ transcription factors. The HMM profile constructed based on
multiple sequence alignment of VOZ-domain could be used for novel VOZ gene prediction and identification. Based on
the transcriptome of Syntrichia caninervis and the HMM profile constructed from the VOZ genes in A. thaliana,
P. patens and O. sativa, a novel VOZ transcription factor was identified in Synirichia caninervis and named as
ScVOZ1 with NCBI/EBI accession number HG764415, the mRNA sequence length 1 495 bp and containing complete
VOZ-domain. Bioinformatics analysis showed that ScVOZ1 is provided with the function of transcription regulation and
the potential of nuclear localization. Multiple sequence alignment, phylogenetic and conserved motif analysis showed
ScVOZ1 has the highest similarity with PpVOZ1/2 in P. patens and AtVOZ1 in A. thaliana, this study laid foundation
for further functional and phylogenetic study of this evolution and development important gene.

Keywords : Synirichia caninervis; VOZ transcription factor; HMM ; Bioinformatics

B fE HEA.2013-11-08; f& B H#:2014-01-14.

FEITE . E 5973”3 H (2014CB954203) ; [E 5 [ 4R 43 H (U1170304) % i) .

EE R w0, 55 BT A, WFFE U 1) AR WM 8% s E-mail : beig2048@ gmail.com.

« BAEMERE KT, &0 WEFE 5, WFFE U5 1)« 43 738 B AP E-mail : zhangdy@ ms.xjb.ac.cn.



78 £ #H A

& % %12 A&

1 5% [ F ( Transcription factor) J&— S fi 22
Z REZAEmE A, AR R AT 7, il ik 5 i
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Fig.1 General workflow for transcription factor
identification based on profile HMM method

1.2 EMREEREFHEE

Xof 1A FU IR i sy 2000 A4 B 1 7 S AR AT NR
BRI RE  F IR LU X 45 R ESTScan X455
PR TR 4 53 AR e XSO BEAS 2 P 91, 4%
MR PlantTFDB JIT 31 £5 %% 53¢ K- G 1 (1 1) 5 BN O 2
R 1 i RIa] 388 B 4 38 %) 28 11 P 91 P v 9 5 s
TR Ezvts b, i E—5 A gt voz
SRR F-2805 HMM J7 3115 F hmmsearch Ay 4 K647
R, Il R 72478 : #hmmsearch VOZ.hmm
S_caninervis_protein. fasta,, & J| HMMER %462 8k
Y e—value [®{H0.01,
1.3 VOZ HFRAFHENRERESNT

{#i ] ClustalW L J Boxshade X85y VOZ &
FUFSIAIA I 5 88 VOZ 5 FUP 91 3547 22 )5 51 BRI
JF T Hr IEHAS VOZ-domain 1Y 22 3 51 B Bic 18] ik
Fe oM el P £ AL i T RS T3R8 1

FIH MEME 7ELHF LT VOZ 2 8 H P31
TR PSR S M. i Gblocks v0.91b T.H.
W 5E 22 JRUREC Y VOZ 5% s A3 FUF S i ORsF

X3, f# i MEGA v5.10 #4 # NJ #E by, I k47
1 000¥X Bootstrap Fat & AT, i ] PSORT 7E4k T
B0 SeVOZ1 #7240 fd 7 A7 15 5., FH NPSA 754
OyME T ELG H AT R 5 A o B, R CBS 1)
TMHMM Al ProtFun 7F £k T 5. 0] H: 5 5 2% ¥4 A1 2

REZTRIEE.

x1 FISWMETRAELZENMEEEIER
Table 1 Web-based bioinformatics tools for sequence analysis

SIHTNEE (Ttems ) 1M T H.(Web—based Tools)
PRSP PSR hitp : //meme.nber. net/ meme/
SV 248 L At hitp ;://www. genscript.com/ psort/ wolf_psort. html
255 REE 5 35k hitp : //www.cbs.dtu.dk/services/ TMHMM/
e ) http : //npsa—pbil.ibep.fr/
TyReZE o hitp ://www.cbs.dtu.dk/services/ProtFun/

N http : //www.phylogeny.fr/version2_cgi/one_
LIRS K
task.cgi task_type =gblocks
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Fig.2 Multiple sequence alignment of the DNA-binding domain VOZ-domain in various VOZ protein sequence

( Amino acid variable sites in moss were marked with black triangles under the sequences)
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Fb B B 5, o BRTELE A4 (o —Helix ) #7075 AMA AL $5
DR BAENE 5 2 T H S 5E ( Extended strand ) 4%
LA 3)

x2 GEIFREE ScVOZ1 B RLEHMFNH 47
Table 2 Secondary structure prediction of ScVOZ1

G5 REREH A (%)
Alpha helix (o #2iE) 141 30.45
Extended strand ( ZE{#1%%) 44 9.50
Random coil (JGHLE: ) 278 60.04
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Fig.3 Predicted secondary structure of ScVOZ1
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Fig.4 Transmembrane region prediction of ScVOZ1 protein

2.3 T4 ARTE L A Th e T

fdiF PSORT Xt ScVOZ1 4847 V.4 it R v i , 4%
R ScVOZL 2L TAIEA% N, 343 WoLFPSORT
TTRVR e g, Hog o7 TN (nuclear) FJ HER R YR
0.89, iZTMZE R 5 VOZ %% 55 A FTE A MA% N K5 5%
SEIREIRERARTT A1,

FIH CBS 1Y Protkun 4%} ScVOZL BYZIRESFE
HEATTRN ,ScVOZ1 TN REZRNG T3 3 v, Tt
SEIN]HT, ScVOZ1 HAT SN iR DI RE i ml Rk
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S I R SR D RR A RR L B — B0
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Table 3 GO functional category prediction of ScVOZ1 protein

2.4 REFEREMEFETIER S
i 8 E X, SeVOZ1 5 PpVOZ1 Al PpVOZ2

Gene Oy ey ) Pub O 7 REAA AL (Identity) 4251 0.68 1 0.6, 15
Signal_transducer ({55 1&i%) 0.078 0.365 \ N
Receptor ( Z 1K) 0004 0.00 AtVOZ1 Il AtVOZ2 18 7 AL EE 73 51 2 0.52
Hormone <¥‘%ﬁi>ﬁ 0.0010.206 F10.45, fIHH Gblocks HfF (WL 1) Xt 2 Fp 31 Bk i
Structural_protein ( £5¥4 2 0.001 0.045 N NN . . N . .
e by e RSF K BT PR T K 286 R MR
fon_channel (5 ) 0000 0175 FRAFIK B B B AR R A L
Voltage—gated_ion_channel ( HLJ&T B FEE)  0.006 0.276 N .
Cation_channel ( P78 1 ) 0.010  0.215 LR VOZ B sk N 8 1Y S REE AL R 5 A
Transcription (%% 5%) 0.198  1.545 ScVOZ1 5/ #i#E PpVOZ1/2 Fl AtVOZ1 F b 4%
Transcription_r ion (%R . . \ N N e
o (it oo over EOLIS) AL AVOZL L1 # B VO JEIA
Immune_response ( 2N 0.013  0.151 FRGRF RO T Y, HLARSY 81 U ey
Growth_factor (AEKHTF) 0.005  0.372 VT
Metal_ion_transport (%Em?i@:@) 0.028 0.061 *H,fu\( JL‘@ 6> ©
1 0078 Oryza_sativa_subsp.japonicalOsVOZ1|LOC_0s01g54930.1

Hordeum_vulgare| HyVOZ1|MLOC_75554.1

94 Sorghum_bicolor|ShVOZ1|Sobic.003G298100.1.P

Aral)id()psisithaliana‘ AtVOZ2|AT2G42400.1
Arabidopsis_thalianal AtVOZ1|AT1G28520.2
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8 E Oryza_sativa_subsp.japonica |0sVOZ2| LOC_0s05¢43950.1
Hordeum_vulgare | HyVOZ2IMLOC_11494.1

®ScVOZ1
100 \_|:Physcomilrella_paten|PpVOZ 1/Ppls113_68V6.1
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5 AEYH VOLEREFEBFTIRGHUM

Fig.5 Phylogenetic tree inferred from the protein sequences of VOZ transcription factors in different species
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Fig.6 Analysis of conserved motif structures in VOZ transcription factors
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1, & & (10 R 57 7 51 J8 0% 20 5 400 g I B o A i
(WLE6) . M VOZ % s IR 8 1 B 4 19 O 57 7
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A A W T RE BT IR 45 R 2 — By
AtVOZ1/2 FIE & VOZ i A 56 Motif3 4
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3 W 1w

AW PlantTFDB B8 e 1040 45 T 2T
HMMER v3.0 #4540 1547 5% P 7 F00 %) — it o
FEIFRIA T ME R VOZ st HFE A FS A
# T HTIRS VOZ % 5 1) HMM J7 51151
T YRR B T VOZ R T X5 VOZ-
domain #%.0A5F 3, I AT TR R HABAE Y VOZ %%
SR PR T A TR A R

X SeVOZ1 P 3Hr, HED L 57
AT RESEANSEHE I 1 7 5 51 2H 00 P DR 3C P vt ok
R 1 HL T T B G 7k o L AT S M 7 S SRR
FE B0 RCHE P v 14 Bl 2R B 10 EST R85 B D, H
KA BEIA T 2 RACE SC50 R AR UL 2K 7 41 1 fifi
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—UIESE T VOZ 1 5 718 & S Y b 1 A7 A, T
LI W AR TE SR R BRI IE . VOZ FE R 7E
FURE I =2 B A T B SRR v 2 A
YEAREREHALMEIEMR, He 2kl T
ZEHARRMBAR 9 H B T XK Fe G = W kA 7
KIF BB A HLT 2 B a8 S AL ] % S AR
TP B HB A L (lepoid ) Al 2 K Jii &K 4 4
(hydroid) , 7 H 2 549 70 ATt & 1L leptoid 5 4%
FEI 5 BLAT T 2R 254 , 6 B leptoid Fi4E
AW G T A R R T R R 28 B g1
WA R BLE B VOZ 3RS Aozl B &
FL A PR AR G 2R I S — B L S A AR,
I VOZ FEH KA T e 50 K & B Mk fk
AR,

AR 4> T AE W2 ST UE 2, AtVOZ 164U/ 5T
FREMS LAY T & B P ERT R, B 28 KEr
F 98 UE B G BE U 2 i AL 1) BN IR N R 2
— FERIRE ST AtVOZ2 B8 1 0 8 2T 56 FE 5 1 B2
P AAMAZ Y, B AEAZ P R e et 25 52 BD6 IR
PERRAGRZ I AR, FE /NS B A s R B T

FEFFAERY CO-like A 2332 BRI 45, H 540
FEIT CO-like JE K751 AL 2L R, CO Fil CO-like
SRR T e A ety R & S5 48 CO
SEPR R TE AL [R] R D RE AR AT 1T RE 2R R T e
BEFEIXHEAE S5 BB e . VOZ B 5 F )
AT BRI T U A S Bl A R e (U RS
P D REIE A 1F T it — 2P F 5T (D Z 0 &E )i 5L
PR — AN X R (17 AL R & B (Evo—Devo ) HA
BTN E A

RS P AN BLA AT A A R BT
f VOZ ¥ sk B+ P A B A I %, 40 motif -3 4.5
S X HHT SR AR A R VOZ e SR T E AT
Fi i BB A A P RESE VOZ 5 S R D Rk
KA —RE R A T ReAE E A B RAR TR
LEMIBFITNRE . X VOZ~domain & 155 1Y £ 1591
LU X FI RS BT (ULIEL 2 A 6) K38 VOZ
ST 19 DNA 455 450 302 L AR < 1) — B i
FUF I, IE 2 i B DRSS M s R <P, s
T AR VOZ e S PR S5 b B A4 T Sl
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