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Transcriptional Profiling Analysis of OsDof Gene Family in Various Rice Tissues
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Abstract Regulation of gene expression is a complex molecular network controlled by temporal and spatial expression of many
transcription factors (TF). Dof proteins are a family of plant-specific transcription factors, which play important roles in many
biological processes restricted to the plants. 30 of Dof genes were found in the rice (Oryza sativa) genome, but few of them have
been functionally characterized. In this study, We performed a bioinformatics analysis of 30 OsDof genes and their 5' flanking
promoter sequences. Four kinds of cis-elements were detected to be overrepresented in the 1.5 kb upstream regions of OsDofs,
including light-responsive elements, tissue-expressed elements, hormone-responsive elements and stress-responsive elements.
Furthermore, qRT-PCR analysis revealed that most OsDof genes were low and multiple-organ expression, and few of them were
highexrpessed or tiusse-preferential expression. In addition, Compared to the control without stress treatment, 28 OsDof genes were
regulated by the stress treatments of light, ABA, NaCl or PEG. Out of them, 27 OsDof genes were responsive to two or more types of
the above stress treatments, which suggested that these genes should involve in cross-talking among pathways of different singnal
transduction.

Keywords Rice (Oryza sativa L.); Dof gene family; Cis-element; Expression and regulation; Stress

¥ 5% X 1 (transcription factor, TR)ZFERIRIL  Hp s, FRRFEATD N3 T KK, Doftr A —38H

TR — AT T, B SRR PR I T, BN S S A A TR 4

SAEH o R e g &, T FE DR R A ¥y, R FR A Dof (DNA binding with one finger).

SRR A I R BE . JEDR ) I R e e ik S A Dofd O A 4G AN G ek, BIVNCR Sy I Do f 25 44

FERGEIR MG o FRHE 4 s K7 S5 DNA S & (1) 25 1) 1 S RN C A i (1) 4 5% 1 15 38 (Yanagisawa, 2002). Dof
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g by sk b S2 AN E R AL LS A — MR E I
CX2CX21CX2CH 7, Hrh 4 Cyshkdt 514 2Zn™"
M ah BN FEEFR C2C2 45 #4938 (Umemura et
al., 2004), Dof4h 3 b If) LR 4R S B R 557 1 CONEE
ARZ A0 T HE L0 s S SR Y RE I DNALE &, X4
B FER P& T DofhE 5 AN F IDNAJT S 45 4
W 2 PhILIR 1 %95 (Yanagisawa, 2002). 73 4h, Dof
TS TR I CR Y, HEE T Dof
EAM IR RA Z M.

WFRM, Doftt AfEHEM E KK it
5T Z2RAEY AR . WK KDof Il F1Dof28 i i #
PEPC %45 % i 3 [K] {1 22 18 1 42 B AR 18} (Yanagisawa,
2000), LA TFHHIDAGIFIDAG2MH R —%F The
S5 25 DR s o~ i R PR R R34 (Gualberti et al.,
2002), T KPIPBFAIILTE KF . /N 1 [RYEE A
BPBF A WPBF i 4 IV 3L 4 S P 0 i 10 6 IR (1)
15 (Vicente-Carbajosa et al., 1997; Mena et al., 2002;
Dong et al., 2007), NH & [f1Dof & [INtBBF 1 7E 11
i o AR LRI AR h 2 A K H B S RIS HE
Yy 3 M rolBf#) 2614 (Baumann et al., 1999), Fg/K
AOBPHI 52 A K 2 75 ' AL (W P M R AR A 6
)1k (Kisu et al., 1998), /i FFOBP1IAE MY
17 181 3[R 1) %2 8 (Chen et al., 1996).

H M Yanagisawa fllIzui (1993)7F L Kb %% T
¥ —/NDoffE FIMNBI LK, BEREZ (1 Dof 2 I 7E
AN TR RE 4 0 e T B8 4 e e o T O A B PR A )
e P RE AL 2 3 b, H AT CUAE 8L B - R K R 2 A
¢ Hp 23 S T A7 E 364 F11304 Dof 4 [A] (Lijavetzky
et al., 2003), KZH 45261~ (Moreno-Risueno et al.,
2007), K5HH28/(Kushwaha et al., 2011), /N5
531/ (Chen et al., 2005). {HAE, “EAT249 K
o FEDRIRI Dt 0 A P 3
AW FEAERT 30~ OsDof 5 K K2 3 2 1 X BT 4=
WA B2 i kAl B, R 986 8 HRT-PCREZA
IR T KRB 25, I B &4 OsDof kA )
ik, IR T4k, ABA. NaCIRIPEGAL BT 41
H1OsDof & K R AA R sg i, kb — 2 ik e AT i) A=
YOt R

18R 55
1.1 OsDof B KR =W 5 T

T e ¥ 53 R 3R B PInTFDB W dE 30 AN /KA
Dof JEK 41, e 1A TR 11 44+ tafkrb(11 5
Pt ARBRAN), 158 3 SRR HRES, &
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B4 6 A Dof FEKI( 1). OsDof H [kl 25 k)% Ay iy 2,
FERHC RS 528~2 583 bp, Hort 16 AMEAI(EL 53.3%) 4
FAMNE T, 9 ANB0%) S 1AW T 4 ANHEI(OsD-
0f8, OsDof17, OsDof18 il OsDof28) 17 A ANl [t 4 5%
A, BIEPEPERTY) . OsDof HeP FTfich i) & 1 K
JE 175~551 ANRIERR, Dof S5 F3gifr T3 N i (1)
20AA-171AA 28], GO AT nefil¥yly DNA
giaEA.

1 F PlantCARE % 4} JE (Lescot et al., 2002)X%}
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MZFEPE, WS 5 2 FhPa RIS EE.

1.2 OsDof % I K ik I LR 3R & 1

WIS ESTH e A v, JL3k19214OsDof %k K 7E
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A TR I S EST, R T K34 Dof S K i)
T2 RIE, R T DL 2 2 5K R & 2%
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FIFH 26 & RT-PCR HiA#E—5 7341 OsDof
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UM T HIRE S I, Fh 7 HUOM T#8 5 5~10d. 45
FEIRERT OsDof9 ZEAIN I ZH LA A RS INAS 3 F ik A
54b, e OsDof JEHIRELE 1 AN sk 2 AL 4G I
FIRFEACTF L, o 22 MRERFE=A L L
M RIL . KRB AL, 7K OsDof £
FIE T MG T SRR 3 Rk KRR
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# 1 sE4 RT-PCR 514175
Table 1 The list of gene specific primers of the OsDof genes for qRT-PCR

G AT RIS IIEAIG-3) A3 JRIANbp)  Tm(C)
Code Gene locus  Primer sequences forward (5'-3") Primer sequences reverse (5'-3") Amplicon size (bp)
OsDofl  0s01g09720 CGGCAGGTGGTGGAGGATTGG GGCACGCCTTGCAGAAGTGGC 144 60
OsDof2  0s01915900 CACTGTGGGTTCCCAAGACG AAGAGCACGAGCAGGACGAG 173 64
OsDof3  0s01g17000 GCATTGCCTTTCCCTACTGG GGGCAGGGTATCCCATCTTT 131 60
OsDof4  0s01g48290 AAGGTGATCCAGCCCGACG AGGCGGATGCGGATGAGG 78 64
OsDof5 0s01g55340 CGGCGGGTTCAAGCTGTTC CCTCCGGTTCAACCTTCTCCC 110 60
OsDof6  0s01964590 CCTGACATGGTCCTGGAAGGC GGTGGTTCAGAAACTTGGCGTA 130 64
OsDof7 0502915350 GGCGAAGCTGTGATGACGA TCATGGCCGAGCTGCTGTC 187 60
OsDof8  0s02g45200 GGCGATGGAGTTGCTGAGGAG GAGCACGGTCTGAGCTTGTTGC 163 60
OsDof9  0s02g47810 AGCACGGGATGGGGTCGT GCACTTGAGCGGCTGGTCG 125 64
OsDof10 0s02g49440 CACCATCGCCGTCATAAACC CCTGCGCTGCGAAGCTGAA 170 60
OsDof1l 0s03g07360 CGAGATGCCAGTCGGTTTGT CACATGGCTCCTCCGTTCAT 138 60
OsDof12 0s03916850 CCGATGTACCAACTGGGACTGG CCGCCATGTACTGCCTCTGC 178 64
OsDof13 0s03g38870 CCTTCATGCACATGGCTGGT CGCCGCTGTTGAGGTTACTG 159 64
OsDof14 0s03g42200 GTGGGAGGGAGTAGCAGGGAG ATGGGGACGTTGCGGAGG 155 60
OsDofl5 0s03g55610 CAACACGGTCGGGATGGA CCGTTGGGAGTGGGCAAG 114 64
OsDof16 0s03g60630 CGCCAATGTCCGGCATTTAC TGAGCGTTGCTGTCCTCCATC 151 64
OsDofl7 0s04g47990 CAGGTTGCTGTTCCCGTTCG CGCCGATCATGCCGTTCCA 194 60
OsDof18 0s04¢58190 CGGCTTCCCGTTCCTCAGTG GCGATGTCGGCGAAGTTGTC 177 60
OsDof19 0s05g02150 GCAGAGCTTCCCGTTCTTCC TGATGGCATCGCATGGTG 163 60
OsDof20 0s05g36900 AACTTCAGCGTGGACCAGA CGCGTTGCACCAGACAT 186 64
OsDof21 0s06917410 CCTTGTCTGCTGCTGTTTC TTGGGCTGCGCCGTGAA 166 64
OsDof22 0s07g13260 CCCGCACTTCCCGTTCTTAG TCGTCCATCTTCACCGAGGC 195 64
OsDof23 0s07932510 GCGTTCGAGATGCACCAGCAG CACGATGGAGCCGGACAGGA 171 60
OsDof24 0s079g48570 CATCTTCAGTTTGGCCCTTCA TTGTCATCTCCTTGCGGTTTG 178 60
OsDof25 0s08g38220 TCGTCGTCTTCCTCGTCATCC AGCTTCGGTCGTCGTCTTGG 162 60
OsDof26 0s09929960 GGCACCAGAAGCCACAACCA  CGAACGGGCTCGTGTCCAG 137 64
OsDof27 0510926620 GTCCAGTCTCAGGCCATCTCAT ATCGTCTTCGGCACCCACA 152 60
OsDof28 0510935300 AGGCGGCTACAGCATCG GACCGGGCATGTCATCTT 185 64
OsDof29 0512938200 GGAGGAGCACGGCACCAACA  CGACGATGAGCTGAACCCTGAC 133 64
OsDof30 0512939990 CGAGGGACACCAAGTTCTG GCCGATGGGGACGTTGC 119 64
2 P TTFRIAE SEH
Table 2 Types and numbers of cis-elememts
TelF2E5) 6 S B e AYUL L ITTA R RN TEIE U AN O
Types of cis-elements ~ Elements for light reaction Elements for tissue Elements for hormone Elements for stress response
expression response
VMRS 32 12 11
Types of cis-element
JefFECH 293 100 81 45

Numbers of cis-element

1440
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Figure 1 Tissue-expression patterns of the OsDof genes by qRT-PCR analysis
Note: A: Low abundance expression of the OsDof genes; B: Middle abundance expression of the OsDof genes; C: High abundance

expression of the OsDof genes
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Figure 2 Epxression analysis of OsDof gene in rice etiolated seedling by qRT-PCR

Note: A: High expression of the OsDof genes under dark treatment; B: Middle abundance expression of the OsDof genes under dark
treatment; C: Low abundance expression of the OsDof genes under dark treatment
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Figure 3 Epxression analysis of OsDof gene under stress treatments of ABA, NaCl and PEG by qRT-PCR
Note: A: qRT-PCR analysis of some OsDof genes under ABA treatment; B: qRT-PCR analysis of some OsDof genes under NaCl
treatment; C: RT-PCR analysis of some OsDof genes under PEG treatment
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Table 3 Expression responses of the OsDof genes under four treatments of abiotic stresses

HEA ABA NaCl PEG Dark 3% ABA NaCl PEG Dark 3 ABA NaCl PEG Dark
Gene Gene Gene

OsDofl | l 1 1 OsDof1l | 1 l 1 OsDof21 - - 1 1
OsDof2 1 1 l 1 OsDof12 1 - i 1 OsDof22 1t l i 1
OsDof3 | l - OsDof13 | l i 1 OsDof23 - 1 1 1
OsDof4 1 1 OsDof14 - - i 1 OsDof24 1t 1 - 1
OsDof5 1 1 1 1 OsDofl5 - - i 1 OsDof25 - - -
OsDof6 - - 1 T OsDofl6 - i 1 OsDof26 | 1 1 1
OsDof7 - - 1 1 OsDof17 l - - OsDof27 1t 1 i 1
OsDof8 | l 1 1 OsDof18 | l i 1 OsDof28 - l i 1
OsDof9 - - - OsDof19 - l i 1 OsDof29 1t l i 1
OsDof10 - - | OsDof20 | - - 1 OsDof30 - 1 1 1

FEL L A SRR R R AR L, RIBAKP ETE, R RERIBR L

Note: "1 ", "| " and "-"representing up-, down-, no change-regulated expression, respectively, compared to CK

£ OsDof H: K 1] fe 2 5 AN [ B A7 5 i 40 2 [A] (1 AL
HAEH . fERIEIK 52200 [ 2 M Py ia A5 5 5% i )
27 MR, 25 ANERFERIAZ IR, KT
OsDof 2 A n] Gt it Y65 5 15 H e hia A5 5 A0 A
LKA KT . o —FhE L5
559, HEAmEEER. Mrmk. Lith. Mk
B HE%E— &Y K E F1FJiao et al., 2007). HHT,
—BBRE 5T R WO I — BN [ R T i AR T
WA HAER IR AEKRE . b5
S FERE TAEREEY R A YEE
AL AR T B K 2% (Kurepin et al., 2007; Seo et
al., 2009; Lau and Deng, 2010).

M= AR F e o B 2y - T Kk S H R
P s, ARBFFUR 304 OsDof ik A _F i /5 3))
TR EAARKEPDCR NI, AR B oA
HRKIE . W SN RN s AR S Te i, 7 As
A0 BEPR 73 0] &5 A Rl FRIEFABA Y. TG o i
i € BERT-PCRIF T, AT TR I T (1) OsDofs )it 7t
PERBERIFRIE B R RIFIET W e, e i RT-
PCRM T, FRATLE30N A0 S 3 76 A1 (1) Dof A& K]
th, ORI B25 A8 IE AT T R AR BE &A1 T 1Y)
RIEAKTV R, 5 5AFEFR WA KA B4
& o RT-PCRZ3 A1 19 R A1 Rl v (R AH O 38 K
1, HA 12 5E B3 R 3l X T & A 3R
KTCE, IIAETHMFRIETTIRER; R0
T ABA RN TG BE R, RT-PCREE A om H
HI PN R B AT KA, FHiEAH 104
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LR B AR VAT T B ABA J N ek, (HHRIE W2
FIABAP A o J5L DRI AT A 300 455 Ak BRI TR AN K 5 |
EFER I KA, AT fig & OsDofs 3 [Kl )it
KTuHE AT T 500 bp/EBlF X, &
A 0] HE A — LET ()IE R 5 1B IR R 45 T AR AR AR
JABTFIX

MRS 7k
3.1 OsDof% X I R R A5 2250
OsDof 4k [A s AH S A7 S i 5 T 24 122 Pntfdb
(http://pIntfdb.bio.uni-potsdam.de/v3.0/) A1 Gramene
(http://www.gramene.org/Oryza_sativa/). ESTEIHE 1]
3R 455K H (http://rice.plantbiology.msu.edu/expression
anatomy.shtml), 7H 3%} PlantCARE (http://bioinfor
matics.psb.ugent.be/webtools/plantcare/html) X 30 4~
OsDOFsH: 5 #1425 151 L2415 kbt ) ¥
R0 LR WY i T w9 = ) e R S 1B S

vl http://www.ncbi.nlm.nih.gov/,

3 2RIE ST RIM RS

J113- OsDof % DA ) 41 2R 3 38 73 At 44 L 5 5
AN, F3 ook K B AR AR K KRS H A fhAdS
W . 25, I, BEHIS~10 AP T, BRAf hiE g%
WG FE B = WG ET . i SRIEE TR Y
KA =M R, A4 45 NaCL 200 mmol/L. ABA
200 pmol/L. 25% PEG6000FI 5 ALAFfAbEE , AbBE 7
FUTR : KR H A R 74028 CREFR A T &2 Fh2 d.
fiE2r2 dfa, KizE—BUNRh T ER R R R IL
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12MSE; FRBUHEAT /K555 7% (16 h /8 hR ). 4
AR A =, B 2RI, H200 mmol/L
NaCl. 200 umol/L ABAFI125% PEG60004) 7] 4b P
40 h. 40 hAI16 h, B4 FRTG I o s s 77 4 =
AL 58 A IR Tk . BT A ol Y R I I A7
T-80°CF H TRNAHEH

3.3 BRT-PCR5 |43t

1 H 519 % vF # AF Primer  Premier 5.0%) 304>
OsDof ik BRI AT 58 e & 5 | e v IR AR ) N e s
BN AT G . AL H 2 =5 )75
WR TR

3.47KFE R RNARIBRER K & #5358

IKAE S RNAFHEHCR HIRNAsimple Total RNA
Kit (KH#), £ Dnase I (TakaRaZy #))AbHE 5, FIRNA-
clean Kit (RH)ZHAL o 0 3ok Tt NE B 258 Jie HE Uk A0
TEHLAT T BT 18SFN28S a1 B RNAFH T e k%, )
cDNAZE—8EA 1, 1 i Promega A3500iRX 7 .
W EFAR ARG WA 15T, ARG A7 T-20°C &

35 ERT-PCR

JEHRT-PCR MW AT H 2 [ A F] FISYBR Green
Ot ERIRA . 20 pLR VAR RS 1 pL
SK=#), 10 pL Faststart Univeral SYBR Green Master
(ROX) 2210 pmol/LIJ T i#5 [41950.6 uLo & #PCR
7£ ABI75005E 2 PCR{X (Applied Biosystems, & [H)
HEAT, SRFH2 AN R R T VAT R A R E
o BTN AEE A 95°C 10 min; 95°C 155s,
60°C (564°C) 1 min, 40MIEI; 60°CIEETD L. &
HFPCR [ WA FH ActinB& K 1 N 2

YE% TTER

JELHS5 R AR 5 A2 A 5T %) S 6 1 v A0 S S 7 KB
TN TS Se R T AR SCHIRS I S 6 X435 . Ak
L BRI EES SRR, RIS R T8E
WH MR BE KT, feessiwit, #dEair, s
ESEM. AR A B R R B S AR .
i

AT AR EE A B ART 22400 H (2009J0109 1) 14 £
4 I B T - A 4 AR e R G158 1 BA IR H (CXTD-
2011-09)3 [/ % By o
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