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¥ E. L Columbia-0 & 3~ 4 X #,

FRAAYMELZF AN BRAEEZAEF

AtOFPS #4745 8.3 547, B A % 22 3 PCR B Kt AitOFPS % B #4788 & 2k 4547

Foif 35 R K AT, At —F AR E e AtOFP ¢ shsb 5 2 L,
iR G W 221 NRAABRAR, 2 —N5FFH 25.466 kDa 69 RAAE B &, E &K

¥ 954 bp, %

R £ .AtOFPS A B 4

A RBEER Fo 550k, EELEMAAE T, FREAKZR;AOFPS XA ERAIL b R EHK G,

ERBTRERETHIALNEAH,

SEEEA  HIRETT ;4 DI F 5 ALOFPS; A (% B
RESES: Q47 THIRIAT:A XE4HS:1001—0009(2018)18—0035—07

W FE 3% (Arabidopsis thaliana) J& +F4EF
T i FLAAE A, PR R R R /N AR K R
T ELAR B AR 50 iR R A % B LA — B LR
RRWFF NG R AR H e W A ) 5
SRRy B TR (B2, X FAE AR A i
FMITE RS, & KE W ESFHFHR AL E

E—EE®/ N ERA992), 3 . MEARAEHRFEH
HpFREE 5T W%, Email: 2427472516 @ qq.
com,

BEEE FRA70) 4, 4, Hi2L, LA 507, R
FRAEB TR FES 5T A%, Email: changying@
neau. edu. cn,

HE&WMH: B g RAF 54K A 8 (3137022D),

Wk HEl:2018—03—22

BRI,

&5 R (transcriptional factor) X FRAE
MR, RS T IR s i llﬁ_w’lfﬁﬁ
JCHEEE A AT TR R L R 1 Rk, LAY [ %5
SR TR & A DNA 454 X (DNA-binding do-
main) .5 5 8 # X (activation domain) . E Bk
{31 /5 (oligomerization site) \ ¥ %€ i {& B (nuclear
localization signal) 25 Zfj i X 4 , 3X L TH RE X 18, g
EEFHRE TR E SRk, AR A% R R
2 A HHR, A A N ZE R R . 2 S Y IR
AR RE 8 R A A5 T B AR AGE R
PRI R A EAT

UPIE ZEE 1 (ovate family protein, OFP) &
MR R R F R E&H T 704

P P

order to provide reference for the application of the strain in the biological control of grape disease.

The results showed that 50 proteins were identified from the secreted proteins, and the relative

molecular weight was all more than 10 kDa. By gene ontology of identified proteins were classified to

the identification of proteins involved in carbohydrate metabolism, energy metabolism, and lipid

metabolism, amino acid metabolism process, at the same time as the composition of cellular

components involved in nucleic acids, membrane structure, cytoskeleton, and cell wall. Antibacterial

proteins of chitinase and -1, 3-glucanase related to biological control were found, which provided a

reference for the application of Bacillus licheni formis in the prevention and control of grape diseases.

Keywords: Bacillus licheni formis ; biocontrol ; gene ontology;secreted protein
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FERA K Ovate fREFETIRT . XAHE RN
FRIGAETZMEY P, KT (Oryza sativa)
A 33 4, B (Zea mays) I 45 4, L
It 19 A, W FIE AR ER KRS
(Arabidopsis thaliana ovate family protein, At-
OFP) I 55 1R BB A il 2 — K F i 5 s W
F EEWERRENEA TEREERY . At
OFP1 R M 25 & R A W) & B R P i B g
HR AGA200x1 HY 2R 1K, DT 101 i 20 J8 B if
KU, AtOFP4 RESSFI KNAT7 AR T4 A, ki
Z 51/ JF IR KA M BE TR Y . AtOFPS R
W AT R BLHI-KNAT3 BEHE
AYRIEHED,

KHEDE B % k3T AtOFPS | H (L
At L B S U (L S R L b AT 2 TH
B, JF BRI E B A KRR TT & AR5 3oKF
KSR E T B oK W BB AtOFPS 78
PRI AR AR L o Z R PP SR R Th BE 4R
BEFR B, B S M KR KB AtOFP 24t R
FJ7 i), ST FEAEY) OFP HAE R L.

1 #H57FE

1.1 R4

Rk F Columbia-0 45 3 BF £E %48 j5 I% 3
IR, BRI FH 75 % BB 3 min 3
LW O NIV E I T, FhEER A 1/2MS
REFHE (B 3V HENE. 0. 8% BB W FAR L, F 3
H s =R BCE 4 CUkAE TP RIE AL 3 60 h, 2R )5
SREPETFE. FHOEKE 4 5 E . BRAS
BEARKEEG: v=1+ D, HEERRERER

3 35 d W F ST HEA T, R R A AR K B
21 d EIEIF AT

RNA $2HUG & L R sfidof & 0Ot e &
BA&HW et RE 2N EMEARERAF.
1.2 RKBEHE
L2.1 AEYEE¥ST

Ji; A NCBI #1 TAIR #4812 2 1) 5 R e AR
{58 T & B B e 45 i st R o F R & N A
ExPASy 23 J& 1 Y ProtParam; & [ Jit 20 25
FHTRMRE ] SOPMA ; Tl I 2 5 ot = 9% 25 4 17
Phyre2 &K 4; %t & H Bt 89 3% K 2 2 A b
ProtScale 34 #F 47 I ; Y7 44 B & £or T U 2R
SUBA4 %k {4 ; % & X 38 8 F§ TMHMM Server
2.0 A AT W 15 5 BR 46 A SignalP 4.1
Server 4504 s (RSP A I8 A InterPro R4
BT 0 s AR R LR 1,
1.2.2 A:OFP8 B PP E i

N A RNA $REUGR & K S 5% sidonl & AT
RNA W2E, I RO SRAL cDNA, ROEE T Y
K f Primer Premier 5. 0 #4474 1, L#F5]
¥ AtOFP8F. 5 -CCCACCAAACCCTTTC-
TACGA-3'; T % 51 ¥ AtOFP8-R: 5-GGGT-
CAGAACCAAACTGCGAT-3'; U 2 A AtAc-
tin2 YE RS H W, L5 4# AtActin2-F. 5'-
TGGGTTTTTACTTACGTCTGCG-3'; T ¥ 3l
¥ AtActin2-R: 5'-GGGAACAAAAGGAATA-
AAGAGGC-3', HHEFE I E Bl &l 153t
e, PCR BJFH.95 C.30 5;95 C.5 s,
57 °C.\15 5,72 °C.10 s;3k 40 MER, BIMREAR
AT 3 ML BRI, DA 27 F kiR A

*1 EWERFEHRNTGRMIL

Table 1 Website of software using for bicinformatics

B Software

Rk Website

NCBI
TAIR
ExPASy
ProtParam
SOPMA
Phyre2
ProtScale
SUBA4
TMHMM Server 2. 0
SignalP 4. 1 Server

InterPro

https; //www. ncbi, nlm, nih, gov/
http: //www. arabidopsis. org/
https: //www. expasy. org/
https: //web. expasy. org/protparam/
https: //npsa-prabi. ibep. fr/cgi-bin/
http: //www. sbg. bio. ic. ac. uk/phyre2/
https://web. expasy. org/protscale/
http: //suba. live/

http: //www. cbs. dtu. dk/services/ TMHMM/
http://www. cbs. dtu, dk/services/SignalP/

http: //www. ebi. ac. uk/interpro/
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2 GRE5HMH

2.1 AtOFPS EEHS 7

M NCBI & TAIR ##% e o T #% 2|, A«OFPS
FH (At5g19650) i FHUM T4 5 Sk b,
£ K 954 bp, TH & F, Hd CDS X 666 bp,
5'UTR¥ 111 bp,3'UTR 177 bp.

2.2 AtOFP8 ZEHRHEBENHERS

AtOFP8 & 9 i 221 A4 H e 4 &%, W 5
ProtParam #4:%} 8 H i B0 R #4740 4 45

18
16
14+
WE 2t

48
MS o)
& 8.60 8.10

nt/%

id con

A
acl
oo

& g

Amir
LR O ")

I 5.90

:5'00 3.60

H 1.40 2.30 H 140 1.40
Ao i i mm,

KR, AtOFP8 & 43 F 30K Cins Hizss Nags
Ous Ss» 5+ T8 N 25.466 kDa, B 45 6 25 K
9. 05, HB 54N 56. 88, R R B H 67. 78, /R #E
P RBEME/NT 40 IR TARUE R H BbrvE, 0
AtOFP8 & )8 FARREE DY, Eadxd A
OFP8 BN 43 @B Rt — Lot K I, At-
OFP8 Bt h 20 P ZEARA L, Hrp Ser & #
%, HEIER AN 16.70%, Arg,Glu,Lys Ik
Z Trp &5/, A5 & EMR BB 0. 90% ;7
1E R A7 R FE IR AR FE (Arg + Lys) BECH 37 1,
TN FE T B R R AR 2 (Asp+-Glw) B8k 31 4
(E D,

16.70

8.10

7.20
3
590 H H 540 || 500 60
2.70 H H H 230 H
1.80 3
0.90
At o R T

Ala Arg Asn Asp Cys Gln Glu Gly His Ile Leu Lys Met Phe Pro Ser Thr Trp Tyr Val
FHILE Amino acid

1 AtOFP8 BRBHIEEBREN ST
Fig.1 Amino acid composition analysis of the AtOFP8 protein

2.3 AOFP8 ERRM_-_RZEHMR=ZKEW
S

iz Fl SOPMA X} AtOFP8 4H5 i) % 1 it
T H G, 8RR Y] 72 AtOFP8 b,
o 187E (Alpha helix) FIJE## #H (Random coil) &
BEZ, 485 40, 27% F1 43. 44% , & AtOFPS8
FHR W H F B R, I 4%

10 20 30

AA  HEEAS
Pred
AA
Pred
AA
Pred
AA
Pred sty

(Extended strand) & 9. 95%, B ¥ 4 (Beta turn)
i 6. 3300 (B 2) 34 AtOFP8 I H &R T3
&1k Z Phyre2 FEATH 1 Bt =R &5 B, 3¢ R4
FEGME A rasmol X AtOFPS [ = 4544
BEATAMT . G55 B AtOFPS A R =454
TREWI BT S T RTINS R A5
(K 3,

40 60 70

50

h——a27E Alpha helix
t—P4E S Beta turn

150

c——TEMAEHR Random coil
FE 4% Extended strand

<

2 AtOFP8 ZEARHI —RE&HmiM

Fig. 2 Secondary structure prediction of the AtOFP8 protein
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PR CORMN
Red——Alpha helix
H—JEHL G
White Random coil
Hfe—pi
Blue——Beta turn

3 AtOFP8 BARK =& &aTN
Fig. 3 Tertiary structure prediction of the AtOFP8 protein

2.4 AtOFP8 EBRKIFEKIESH

4387 AtOFPS 28 H BT sRK Pk 45 SRR, 1
TIZEESE 210 SR (VaD S E &, A
2.356; (M FIZEAS 132 7 L& R (Ser) SME
BAKs A —3. 244, — R FE/KBE IR A FLIR 4 E
B B oK BB 1 5 = LB (B 5, T LASE 210 f7 Y
HR IR G/ BE 1 Be5i, 85 132 v 22 AR SR /K BB
Jisoi. WEEKE , AtOFPS & 1 A SR K &
R E £ THKEEER, B RKEFHR
¥ (grand average of hydropathicity, GRAVY) N
—0. 717, FE/KRB 15058 (B 1),

418 Score
E L L X o - o ow
T T T T T T .

50 100 150 200

{18 Position

4  AtOFP8 BHRMIZFKES 7
Fig. 4 Hydrophilic analysis of the AtOFP8 protein

2.5 AtOFP8 EHRWRTFEHEH O

R InterPro ¥F AtOFPS 75 H i 1 & 2 iR
JPINHAT o K AE R AtOFP R — 5,
AtOFP8 FEH 5 R MG H HE A —+, 75 C K
A 70 AA K1 Ovate fR5F S5 B, X 23X
GG R AE G5 A8 3, (B R T XA G Bk
AtOFP8 75 H H7 k Tl 2] H & B A0 09 45 #4 85%
(E 5.

I 2513k Domain
L1
200 221 EFEM2 Amino acids

W 156~219
Ovate Z5#4918 (IPRO06458)
Ovate domain (IPR006458)

| |
1 50 100 150

5 AtOFP8 BHRRFHEMIEMHTH
Fig. 5 Analysis of conserved domains about
the AtOFP8 protein

2.6 AtOFP8 & H Jii B9 4 B XE e ¥ il 43+ #7

AtOFP8 23 %+ AtOFP FKHH i — 5,
N7 FH 5T R 40U R 2T IV 240 B R 32 T ) 3 SUBAY
XofHLHE AT W 40 M S A0 T 43T, 5 R BR, At
OFP8 2 H & v 7E 40 fi 4% H 1) SUBAcon $({H 5
B 0. 975, FEEMAEA M T (E 6),

il

Nucleus

min:

6 AtOFP8 5 F Ji #YIF 248 R RE fir )
Fig. 6 Subcellular localization prediction of
the AtOFP8 protein

2.7 AtOFP8 EEHFRHEREXIBRESKS T

FIF TMHMM Server 2. 0 748 43 B84 5t
AtOFP8 B H#ATIEL /1T, 45 R 7R, AtOFPS
B TN B B B B8 E (transmembrane helices,
TMH)$& % 0,358] AtOFP8 & A 2B IEE
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H(& 7)., FIH SignalP 4.1 Server 7E £k /3 Hr ik
fEx+ AtOFP8 ZEH N ¥R 70 M ERHFTFS
BRI 4347, 25 - Bow, £ N sHj 70 PR E R
B, R S fHh 0,206, | KW SEH K

12

0. 133, AR$E-FH S AT 0.5 KB AR E
HIKFRAE, HEN AtOFPS B A RA 1551k, 2
EFWEAE S,

1.0 ¢
LB 08 A TRANX Outside
_% 0 6 -
gz Y
& 04+
02 B fNIX. Inside
0.0 C B EIX. Transmembrane

50 100

{378 Position

150 200

7 AtOFP8 B AR ER X E

Fig. 7 Transmembrane region prediction of the AtOFP8 protein
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{7 Position

B8 AtOFP8 ZHFiHIES KA
Fig. 8 Signal peptide prediction of the AtOFPS8 protein

2.8 ArOFP8 EEMHARARE

AR E] 35 d IR TFAE MR REAT & A S
FIRT R BN, AtOF P8 B RZE I mE JF AR
B SRRV S T 5 R T S SRR W TR e S K OF 1 2.8
£ AEAE TP R KR 2, AR FE MR 2.0
5 5 TE 25 F1 25 AR o (1 5 5% K OF- B 32 B A i AIG
GER
2.9 A1OFP8 ERZEFIEZGTHRIE

TR , L5 57 B A:OF P8
FHEWE SR B T, TR 9 d Bk 3
B FE SR/ FFHE 3 5 (- 100, 35 CRpiiat
BT, ArOF P8 R:H 4 st /K56 EFHE T, 84
JEEW BT A8 12 h i B AR L, BIER
A K I RN e KOF1 2 5 (B 1D, 4 CHBR

351
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201
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oL L]

0.0 : : : :
s A R EA ik

Rosette Cauline  Root Stem Flower
leaves  leaves

X FIBE
Relative expression level

9 A:OFP8 EEMARFE
Fig. 9 Tissue expression of the AtOFP8 gene
T, AtOF P8 FER 4% 5k KA 2k 2, AR KR
(B 12), BRE&AM T, AiOFPS B i FKF
TR R 13D,
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Fig. 10 Expression of the AtOFP8 gene under

drought conditions
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Fig. 11 Expression of the AtOFP8 gene at 35 C
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Fig. 12 Expression of the AtOFPS gene at 4 °C
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Fig. 13 Expression of the AtOFP8 gene in

dark conditions
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i — T RHE 70 AA R/ Ovate fRFEEFYEL,
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W R R, 2 B R AR 5 I S 1 H 28 R 45
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Bioinformatics Analysis and Expression Analysis of
AtOFPS in Arabidopsis thaliana

TANG Yao' ,ZHANG Wei?, YIN Yanli' , FENG Peng' , CHEN Yufeng' , CHANG Ying'
(1. College of Life Sciences, Northeast Agricultural University, Harbin, Heilongjiang 150030; 2. Keshan Branch,
Heilongjiang Academy of Agricultural Sciences,Keshan, Heilongjiang 160000)

Abstract; The Columbia-0 Arabidopsis thaliana was used as material. Bioinformatics analysis of
Arabidopsis transcription factor AtOFP8 was carried out by using bioinformatics methods and
AtOFP8 gene expression analysis was used by fluorescence quantitative PCR technology. Both of them
laid the foundation for further research on the function of other AtOFPs. The results showed that the
full-length of AtOFP8 gene was 954 bp, AtOFP8 protein was composed of 221 amino acids, its
molecular weight was 25. 466 kDa,it had no transmembrane domain and signal peptide,it was located
in the nucleus and it had strong hydrophilicity. In addition, AzOF P8 gene was highly expressed in roots
and flowers, and its transcriptional level was obviously elevated in the environment of high
temperature and drought.

Keywords: Arabidopsis thaliana ; transcription factor; AtOFPS8; bioinformatics



