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& Z :RING(Really Interesting New Gene) A2 X 28 KB AEK X F AWFeE LW hia P XFELE T AR, HRIFBK
AR5 8 A A RT-PCR 3 K MAEA B AR P L% T OsRINGG B CDS 53], A H 4% cDNA % 1355 bp, &35k
JE4 918 bp 84 CDS, % A — A 8- 305 AN AL B E G, AN ZE G ST S F 8 555 % 32.96 kD A 3.49, 5 404
(CT832014 ) A4 6. 25 B A 45 (XM_006659599 ) F Bl R & & &4 5 5| AL R &, 2 51 4 97% #» 83% , IPTG % 5§ % ik 49 MBP-
OsRING6 % & 89 RV FE L4 100 kD, YRI5 76 kD X, BHFALMMW AR, L4H L T FMia KR E ABA fo
GA 1554 548 £ 49 9A42 LM, Real-time PCR 45 R &9 i A W KGR E vt P8 M F P iA AL EHLE4d W
TP RETRS, L TORLETRI, Lz AW KL 23 S ABA 0935 5% PEG #9404, OsRINGG & B 4 1 H KA
RS FHAFA I RET RALAR TR,
F4R  AKAG ;2 B RING; B 3T R A 547

Cloning and Expression Analysis of the Rice
Ubiquitin Ligase Gene OsRING6

FAN Xi-lin' ,DU Qiang' , YANG Zhen-zhen' ,HE Yan-bing' , WANG Guo-liang' >, WANG Zhi-long'
(' Hunan Provincial Key Laboratory of Crop Germplasm Innovation and Utilization/ College of Agronomy , Hunan Agricultural
University ,Changsha 410128 ;” Department of Plant Pathology , The Ohio State University , Columbus 43210)

Abstract: RING ( Really Interesting New Gene ) ubiquitin ligases play significant roles in rice, such as
growth , development, resistance to biotic and abiotic stresses. In this study, we cloned the RING finger gene
( OsRING6 ) from the Japonica cultivar Nipponbare ( Oryza sativa ) based on the sequence analysis of the rice ge-
nome and the RT-PCR method. The OsRING6 full ¢cDNA length was 1355 bp and contained a CDS of 918 bp
nucleotides, and encoded a protein of 305 amino acids with the deduced molecular weight of 32. 96 kD and pl
value of 3. 49. The similarity comparison revealed that the CDS sequence of OsRING6 shared 97% and 83 %
homology with Oryza sativa Indica (CT832014 ) and Oryza brachyantha ( XM_006659599 ) , respectively. The
relative molecular weight of the MBP-OsRING6 recombinant protein induced by IPTG was about 100 kD,
which was much bigger than deduced value of 76 kD. Promoter analysis indicated that it contained several reg-
ulatory elements related to drought stress, light response , ABA and GA signal transduction. Real-time PCR ex-
periments showed that OsRING6 was expressed mainly in root, stem, leaves, leaf sheath, flowers and seed, and
its expression level was the highest in germinated seeds and the lowest in flowers among these detected tissues.
We also found that OsRING6 could be induced when treated with salt and ABA and inhibited by PEG. These
data suggestted that OsRING6 might be involved in abiotic stresses such as slat and drought, and could be used
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for further functional study and breeding in rice.

Key words :rice ;ubiquitin ligase ; RING ; promoter ; expression analysis

IKFE(Oryza sativa L. ) J&= P E e 5 2 R B4R
Y, A=y RN A W 2 2 5 | RS 7K A sl ™ 1 B PR R
Z— B, s AR TR BT a0 B A ik
X — [l R A RGER AR

1z Z A (ubiquitination ) J& — 1 {2 AE7E
THEEZ4ETHEEE BT RS, K EZEHZ
PR LM EN, 2RI TE3
iz ZACBE 2S5, BNz 36 L E1 (ubig-
uitin activating enzyme ) , 2 & 45 & i E2 (ubiquit-
in-conjugating enzyme ) F1iZ % i% % 0§ E3 (ubiquitin
ligase) . E1 14 57 I Ui 25 0902 2 40 1 JF f H 5%
B2 E2 b E2 Bz R0 Tl B3 R 2
(7 o = RN E O WY 7 - SRR S G
e JE iz Z AL B L ER 1Bk 26S B A TR 51 9 1%
filet " RRAE I L 41 B AN R L, 2 R E
E3 X 0] 43 S B WF KL 28 AU (40 HECT, RING/
U-box) FIZ W 52 AU (1 SCF & & 14 | J5 Wi i
B4k APC %)

AR, N S AR h TR T R AH DG
TR ETE N FETE 45 ( RING-finger ) 12 &K %
LB FE PR A o A e )z A RO ST Y — 2K
HIzz52MAe Y5 By E, fay 4
KO RED AT A a R REE A Y
7181 RN A N O 1V = 1 S ([ ARl
KO NFE T RGP T R A
FE T 5 AE Yy ban AR A 00 AE OC Iz 2K I
B AR A TE RS K BT £ 4 RING
R E3 2 R EHBGHE A, IF N RINGI JFffin 44,
o RING4 ( AK068302) T 8 UE B fiEg 1F I8 ¥ 7K A5
YRR e, ASBFST I i RT-PCR B AR 52
B T 53— RING BI{Z 3 M W B 5 RINGG 1Y
CDS J¥4, 53-8 T i% 3 0 )3 30+ b oo 4, IF-38
iJ Real-time PCR 43#7 T %3 K 7E /K FE AN [R] 41 2L Al
ANF R0 5 TR IR FRAE , DA SR AT 12 5 IR 4
AR Y A% R GA, K R P SE ) TR g4t 1
R B

1 HRE5H®

1.1 R HRFnLF
PR A 3 I AR RS AP HASHS AR
RNA #2557 &1 B A 48 7823 7l ; First Strand ¢D-

NA Synthesis Kit 18 [ 70 F #5 #E 14 [ Thermo;
SYBR Premix Ex Tag™ ( RR420) i H TaKaRaj; Fast
Plu B R E R A B E. coli Rosetta( DE3) B2 220
Jm E b a4 x4 2 A R R IR R pMAL-c2X
(NEB A 7)) i 4 5256 2 {447 ; ABA Fil PEG6000 1t
H Sigma; Anti-MBP FUH.HTHT HRP B 1 Goat-anti-
mouse VLM H Proteintech ; PVDF A ECL k22 %k
JEWIE A Millipore ; 77| 9 B e Hy b i A4 T2
P ARAT IR A 5E 1L
1.2 2 RNA #2HUK cDNA B &R

TEW R TR A R R I OB R, 2 IR 28
TS RNA 3R BGGH & 1R D BRI T 505, 22
VKA J5 B 1 g B RNA, 28 DNase 1 41k, #% 1R
First Strand ¢cDNA Synthesis 32477 & 568 45 & 56 1
it cDNA,
1.3 OsRING6 ZEEHEMIEEFESH

W5 OsRINGG H: [N 1) CDS J¥ 51, i i NCBI
( www. ncbi. nlm. nih. gov/) %) BLAST &% X} Os-
RING6 PR K HAE 5 1) 8 HE R 2 51 64T Blast HE X
FARSE I RE 3k U0 5 38 5 http ://bioinformatics. psb.
ugent. be/webtools/plantcare/html/ 43 H1 OsRING6 F
BRI S 2l 2 6 5 5% FH DNAstar H1 /) MegAlign
BAFHIHE OsRINGG 1 2 GE#EAL B T #E AT R <7 45 14
BT, ATz B I R BRI C AR
1.4 OsRING6 [RRFEHENMERFSREA

HRAE KT OsRINGS B EEK 741, 43 s it 51 )
( RING6-F ; 5'-ggaaticatggacgeegecaagg-3', RINGO-R
5’—Ccc%ctttcatgcccgggtgtcctgt—3', IR
EcoRT #1 Hind Il MV 45) 2E4T PCR 973, S 1oz A4
%N 5 xbuffer 10 wL,dNTPs(2.5 pmol/L)2 pL,#l
Y1 (10 pmol/L) £ 0. 5 pL,cDNA ##% 2 L, Fast Pfu
1 wL,ddH,0 34 pL, KW FEF A 95°C HAEPE2 min,
30 MIEFF(95°C2EME 20 5,56°C I K 20 s,72°C FEfif
30 s),72°CHEfH 5 min, FEIKENL PCR 72497, ¥ PCR
)5 pMAL-c2X 5L [R] B 28 EcoR1 A1 Hind I XX
BT ISR B RN 8, 3 43 A, o BH e e e
B AE, R DN Y I B 04 B 2 5K A 4% O pMAL-Os-
RINGG

P2 JTkE pMAL-OsRINGG 5 4Y, E. coli Rosetta
(DE3) Bz 84, 380 T % Amp 100 mg/L i LB
WAREE IR rh 37 C IR IR B, #ELA 1: 100 $Fh
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BT IS Fe 2 0Dy, =0. 5 I, Ik
0.2 mmol/L B IPTG #4775 T 33k (Al LR 7
N IPTG 1 BIVBAE Ry BT B |37 °C Ak e 7 1 57
5h, BOUWCERMKK, A S x SDS LB 28 wh ik,
100°C &1 10 min, #4T SDS-PAGE HLIk, 43 H1iZ% H
FIRY JEAZ R IR DL

FEHIKSERUT , BUE PAGE 2, ¥ PVDF Bk 55
B YR/, HYBETAL BES 100 V EJEFL R 90 min,,
HUH PVDF Ji5, PBST ¥4 3 WK, B:¥K 5 min, 10 mL
5% i e Wiy /PBST 2 B 1 h, (812545, A
10 mL PBST H12 pL anti-MBP, 25 {87 1 h, PBST
VRIS WK, BEK S min, JIIA 10 mL PBST 12 pL
HRP {5k — 47, i BF A 1 h, PBST BE# 5 K, &
K5 min, U PVDF ¥ F ECL fb2# &G, 1
R
1.5 OsRING6 ERERIEDH

Mg OsRINGG 1) CDS J#51 , 1% 11 Real-time PCR
5| ¥ ( OsRING6-qF : 5'-ccgggcatgacatcactaca-3'; Os-
RING6-qR : 5'-tgagcgtettaaccacgace-3") , LL/K FF1Z &
A Ubiquitin N 2 ( UBQ-qF : 5'-aaccagctgagge-
ccaaga-3"; UBQ-qR: 5'-acgattgatttaaccagtccatga-3") ,
PL1/2 MS WRIARBR SR AL B 3 101 H ARG A1k,
TEHUR 25 M i dE A TR TR S 4 d R
Fo LA 200 mmol/L NaCl,20% PEG6000 5%
100 pmol/L ABA Kb fRARERFE 5L A KL, JF-T°0 h
1h.3h.6hFfl12 h BURES AHIEAL IR 3 O3Bk
RSN — b, R ABI StepOne SEH i€ fit
PCR XX} OsRINGG £ /KA AN [7] 4 ZURIAS [7) fifp 31 Ak
P[] 5 A RE i EA T 2L SRR e S P IR0 Rk
*ﬁ,}iﬂ_‘iﬁi%ﬁﬂ SYBR Premix Ex Taq 10 },LL,J:?“@?

519 (10 pmol/L) 4% 0.4 pL, ROX Reference Dye
(50 x )0.4 pL,cDNA #4 2 wL,ddH,0 7. 8 wL, X
IR M 95°C FAS 1 30 s, 40 ANE PR (95°C 78
5 5,60°CIR K30 s) , B e 3 FLEE B Ak 3
WAYPEESE R 27T OsRINGS LR 1Y)
FHXS ik hE

2 GR5HMH

2.1 OsRING6 EEMEMERZN

i 1 FE A e R, OsRINGG HE 7K Fei v DL B P2 111
WA AE, WA & BE R UR A9 2L ), L cDNA & K
1355 bp, A & KN 69 bp B9 57-3F B % X
(5'-UTR) #1368 bp 1) 3"-AE #iF X (3'-UTR) LI
KK FE K 918 bp B CDS JF 41, 4% 1 42 305
NG FETR 1 22 B, #E D0 JFL 43— o5 A R 05000 0 o
32.96 kD F13.49  $izHk K K H 4 bt 1 2 1 5
it NCBI A9 Blast F2 7 ( http ; //blast. ncbi. nlm.
nih. gov/) #EAT EL X, 4 & B, H 5 NCBI B4
JE oAl #F (CT832014 ) | 4 4k 25 B A= A (XM _
006659599) . E 47 ( FP101770 ) . — 7 %5 1 %L
( AK425551 ), K # ( AK373556 ) Hl /N &%
(AK331217) [a] 6 5 P B9 4% 1 182 1 30 A A0 43 31
9 98% 88% 91% 92% 90% 1 90% , % H: R
Fe 50 B AR AL 43 3 R 97% . 83% .69% 68%
67% 1 67% ,

i@ i7 DNAstar B4 # Clustal W P HITLE
FEHI LR M OsRINGE B R GEiEAis (B 1) , &3
T S K OsRINGG 5 HIFE (CT832014 ) Y
SR KRBT, 5 B K (NM_001155824 ) B 3% %% %

Oryza sativa Indica ( CT832014 )
Oryza brachyantha ( XM_006659599 )
Triticum aestivum ( AK331317)
—| E Hordeum vulgare subsp.vulgare ( AK373556 )
1 Phyllostachys edulis ( FP101770 )

{ Setaria italica ( XM_004974082 )
Sorghum biclor ( XP_002445744 )

Brachypodium distachyon ( AK425551 )

Oryza sativa Japonica ( NP_001063778 )

Zea mays (NM_001155824 )

17.6 | | | | | | |

16 14 12 10 8 6 4
Nucleotide substitutions (x100 )

E1

2

0

7KTE OsRING6 55 E i 497 [5] 5 2 [l (o it L 53 A

Fig.1 Phylogenetic analysis of OsRING6 and its homologous genes

XF7K e OsRING6 5 1 LRSF D REBUFN 45 &0 5
TR (& 2) i R T RING (Really Interest-

ing New Gene) 53515 , £ C-¥iij 252 ~ 297 A HEMR
DL B A — AR ERSFRY C,H, G, (RING-H, finger)
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Oryza sativa Indica ( CT832014 )

N Oryza sativa Japonica (NP_001063778 )
OsRING6

Phyllostachys edulis ( FP101770 )
Setaria italica ( XM_004974082 )
Sorghum bicolor ( XP_002445744 )
Triticum aestivum ( AK331217 )

N Zea mays (NM_001155824 )
Brachypodium distachyon ( AK425551 )
Hordeum vulgare subsp.vulgare ( AK373556)
Oryza brachyantha ( XM_006659599 )
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RING-H2 domain

2 OsRING6 FIE {47 [E]HEH RING-H2 FEHgig L3¢
Fig. 2 Multiple alignment of RING-H2 finger from OsRING6 and its homologous proteins

18 3 B4 http ; //bioinformatics. psb. ugent.
be/webtools/plantcare/html/ 73 #1 OsRING6 F [H 1
JA BT BT, AR R (K 1), H 5 B
1500 bp B & 3 DX IA 3 A 5 4 4 D6 B i 4%
6 5% B GAG-motif . G-box | Gap-box , TCT-motif i
C-box TG, 5HEY) ABA 15 516 S iR 12 H K
ABRE Al motif Il'b JCHF, 5 HH) T 5+ W 18 5 i AR
KM MBS Tl , 5HY) CA 15 516 FREHH LM
P-box JC 4 LA K¢ 5 W 3L 3R 35 AH & ) Skn-1 motif
JefF
R 1 OsRING6 BHHFIRXIERTHS B RYE

Table 1 Distribution and numbers of cis-elements of Os-

RING6 gene
Ja shF ool Bt PO ¥ 5 Trfie
Promoter cis-elements  Numbers  Target sequence Function
MBS 2 T/CAACTG |5 7 e
ABRE 2 C/TACGTG ABA i 3 o

1 GCCGCGTGGC

Motif I b 1 CCGCCGCGCT  ABA Wi i o4
GAG-motif 1 AGAGAGT SR e
G-box 1 CACGTG SR T
Gap-box 1 CAAATGAAA/GA  SERJMICH:
TCT-motif 1 TCTTAC SR e
C-box 1 CTGACGTCAG JGRTCE
P-box 1 CCTTTTG GA 1 i T4
Skn-1 motif 1 GTCAT RFLERIRAR

2.2 OsRING6 E[E CDS 1955 OsRING6 EH

519 RING6-F 1 RING6-R 41 ¢DNA 75 %]
/) PCR 7=#) & pMAL-c2X i ki 4: EcoRI Fl Hind III
UGV | 8z AL, 1 4 ORL 2 WU 55 IE IS
(& 3 FE 4) K by 3 1 5 4 5o £ 44 0 pMAL-
OsRINGG

B3 OsRING6 iy PCR # 38 ik E
Fig. 3 Electrophoretogram of OsRING6 amplification

1 M (bp)
i
918 bp ;280

4 pMAL-OsRING6 [5ii W g 1] B ik
Fig. 4 Double digestion electrophoretogram

of pMAL-OsRING6 plasmid
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W H 4 Bk pMAL-OsRING6 %% A K J T
Rosetta( DE3) 23k #k , 28 IPTG 5 5 % 3k #1 SDS-
PAGE HLIK T (K] 5) , R 2 PTG i3 BRI AT
FeE AR N 2 M 5 IPTG 5 3 )5 25 3R 4 5% 1) MBP
EHMRNZ N 50 kD, 5 FUHA 45 5 — % 1 MBP-
OsRING6 HZHHE HMYFRMA/NLH 100 kD, [LHES

M 12 (kD) M3 4
130 — s—
100 —S—
70 —

50 kD

{76 kD K, Western blot ] MBP F1 MBP-Os-
RING6 H 415k F1BEWE anti-MBP HA K6 2] ( 55 3% Br
7)), FEAR AR NI o A N B S 0 I i I T R S
PR, X e gk R B OsRING6 25 [ 7] fE7E 1% K
AFRFRR R G & TEAMEE BN, X A5
LA Ak S ARz RA SR B E T A

4 3 2 1

=
"

anti-MBP

|
100 kD MBP-OsRING6

—MBP

M2 A FARifi ;1 ~ 2. MBP RS 10 M S S I M E ;3 ~ 4 MBP-OsRING6 A 17510 148 (- A5 10 .8 1
M Protein marker,1-2;Not induced and induced total protein of MBP,3-4;Not induced and induced total protein of MBP-OsRING6
B 5 pMAL-c2X #1 pMAL-OsRING6 TE X 74T & Rosetta( DE3) A RiA=41H) SDS-PAGE #1 Western blot 4 %7
Fig. 5 SDS-PAGE and Western blot analysis of the expressed products
of pMAL-c2X and pMAL-OsRINGG6 in E. coli Rosetta( DE3)

2.3 OsRING6 EREHIRIES T

SEREE i PCR 45 R 3R W (B 6) , OsRINGG A
TEKFEME 25 0 8 AR RIRP AT ks, Herp
WG 4 d YR rh ROk & B i, TR I Rk 5
W2 A RBEEAL, B ARE 4 d MF 1 RE
TR 1. 48 % RIIZIE ] BB 5 #0110 &
AKX, I HEA SCHARE T 57K R R 185 & A 59
T RELEFEN D

DL O h AR Y 3k 1 oy B R X R4 TR ]
Jol e I B R B K Gk g A (B 7)), g R R B,
200 mmol/L NaCl 4b¥# 1 h 13 h i}, OsRING6 1EAR
TN A, o PR AL FRRTAY 2. 18 F5 0 2. 13 £iF,
WJE TR R NI T 9 h k& 2 1E # K, X i B

1.6

I
< l4r
E)12
e
X7 1 I
44%5—087
- x Y
B I
*_§0.67 = I
§0.4f I -
02 F
0

B % wk W 7B TR Sikdd

6 OsRING6 ERTEKFEARHRKRIE S
Fig. 6 Expression analysis of OsRING6

in various tissues of rice

NacCl 12r PEG 3r ABA
—25r Kk *3k — — * %
5 50 I R g2st I
i 5 i S 08¢ . w8 2¢
K 215+ X 2 = . 93
RE I K E 06 T Hégls . I
?;('5 1r I I EEOA* I Es 1 T
2 z2 2
F05r E o2r Eosft
[} [} 3
&0 ) &0
0 1 3 6 9 0 1 3 6 9 0 1 3 6 12

AERRI ) (ho)

Treatment time

AP (h)

Treatment time

AbPRITE) (h)

Treatment time

B7 OsRING6 7 NaCl,PEG #1 ABA BB & # THIRIE S
Fig.7 Expression analysis of OsRING6 under treatment with NaCl,PEG and ABA
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OsRING6 1T ReAE Ay H g 1y 5 PR 76 5 3 v e a1 4%
B, 24:20% PEG BT A3 OsRINGS M 1 h
F 6 h FREE R TEEH, I T6 h i ERAL,
AL FRFTEY 0. 42 %, BE FFAR IR, 3T 9 h B K
EEAIG 1 h BF/KF, 100 pmol/L ABA #bFi
3 h i, OsRING6 TEMIT 2% 35 1t ik B W (R, by Ab BRI
(1) 2. 48 %, BUJE TP LR 1M F R, X P2 45 SR g7
OsRING6 T RELIMH T ABA W5 S S &AL T
S R I AR

3 S

I I ] PN AR A0 R T AT Hh s 5 % Sk R F
UM RS, A 5T A AR AR B T S e
PCR BRI S IR A% B S A 0T B, IR
KFEHTERE T OsRINGG £y CDS 741, 434 % 9
IZIE A RIS 7E DT & T2 KR it ABA 55
R ARG SR P % MR AP A Hx
R ZHE I C-oR Ui & A 5 BEOR ST RING 454 5E,
ARSI o 2 8 PN 2 SR B ik 1) 2848 2 T30 B3
CRERMIE R, BP0 XTSRRI
55 R R R A 2 A A e TRV R 1 A e A AR
B, R 97% 1 83%  ANIRIALLN IR b &
I, OsRING6 FEHIAEKFEAR (25 - -4 AL A+
HER A Fik I LG 4 d R A R R,
FhFR R AR Z R A R K, B /R OsRINGG
TEARFRIHG R F Rk s PR 25 5 e i &
U 2235 1 (19 A8 b 3R BHZ L P o] B 5 /K R P i &
A ANFE 0 A PR F IR 1 A B, OsRINGS ik
832 2 NaCl 5 5, I 76 L 00450 07 25 I I, s 7
OsRING6 I REAE Ay Fe 1 i 17 5 D] 7 Jp 1 v b ) 45
YEH ; OsRING6 K1k ik 52 % PEG R H| #1 ABA 1Y
P NI TRES 5 T T2 WA ABA 75 514 %
WA, AN, OsRINGG Ji 8T Iei 4 i 22
HES XA E5H S ABA [F516 % & T 2hin
A ABRE  motif 11 b F1 MBS Jof4:, i — 2 B /R
OsRINGG6 5:PH 7] B 54K T ABA {5 514 i 12 1Y
TEIaA K, BEAEAZEIE K western blot 45
FH, MBP-OsRING6 T 4 25 1 19 2 W K /N 29
100 kD, L BEIEAH 76 kD K ; 1 25 28 M4 4 5% i) MBP
HHMA/N SIS EAEFT, XKW OsRING6 2 [17E
ZRIAFF R Rk RGP BB T & A B G &
i, EHET, AR C RS T OsRING6 FH G i 5
RIAA L, T — 204 5 5 OGTE OsRINGS FERTE ABA 15
AR IR T R0 T B DI REWT ST, IRl BhRE X

S (GA 5512 55 0T AT 30, eob, if
HEXT RING S5 A 380 > Jpe 2 9 w2 2 R A L 47 1
RAL  ARAFR L B3 2 ZE LM VEE AR A
HARRIZAERTY LIETFE OsRINGG 3 H 19 & A7z
AL RE XU A 73 #T
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