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Characterization of Oszinc626, knock-out in zinc finger RING-H2
protein gene, in Ac/Ds mutant lines of rice (Oryza sativar L.)
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ABSTRACT Ac¢/Ds mutant lines of this study were transgenic rice plants, each of which harbored the maize
transposable element Ds together with a GUS coding sequence under the control of a promoterless (Ds-GUS).
We selected the mutants that were GUS expressed lines, because the GUS positive lines will be useful for
identifying gene function in rice. One of these mutants was identified knock-out at Oszinc626 (NP_001049991)
gene, encoding a RING-H2 zinc-finger protein, by Ds insertion. In this mutant, while primary root development
is normal, secondary root development from lateral root was very poor and seed development was incomplete
compare with normal plant. RING zinc-finger proteins play important roles in the regulation of development
in a variety of organisms. In the plant kingdom, a few genes encoding RING zinc-finger proteins have been
documented with visible effects on plant growth and development. The consensus of the RING-H2 (C3-H2-C3
type) domain for this group of protein is Cys-Xo-Cys-Xos-Cys-X-His-Xo-His-Xo-Cys-X14-Cys-Xo-Cys. Oszinc626
encodes a predicted protein product of 445 amino acids residues with a molecular mass of 49 kDa, with a
RING-zinc-finger motif located at the extreme end of the C-terminus. RT-PCR analysis indicated that the
expression of Oszinc626 gene was induced by IAA, cold, dehydration, high-salinity and abscisic acid, but not
by 2,4-D, and the transcription of Oszinc626 gene accumulated primarily in rice immature seeds, root
meristem and shoots. The gene accumulation patterns were corresponded with GUS expression.
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Freemont 5o <J3f QI7tollAl A &elelo] 4% B/4d0]  ujHo] wWo] A3}, cysteineD} histidine?) A3} ol w}
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2005). 1 S|4 RING zinc finger TH 212 zinc binding %
A& 7HAH, 471 E= 3709 cysteined} histidine] 2|3 4T
AR AZ"H XA AZAFZR (cross-brase system)S 712
RING- domain (RING-D)EA}of o]3le] = 7j9] Zn(o}sd) Y
A7+ A A% o] QIt} (Borden and Freemont, 1996, Saurin et al.
1996). A F7kA] AEo A &elA zine finger A T &
AE0 Y HEL C3-H2-C3 He Q| drabidopsis GEE &
A9 052 11 7150l wheh 247 g HHEe] A1 ¢l
o SR chokgt 715 50] B ¥ 9/t} (Jensen RB.
1998, Lechner et al. 2002). o] So)|A ¢t 2AH oA SefdA
< sl AR 29 7152 7= COPI (Constitutively
photomorphogenic 1) §-HA}= RING finger domaino] N-
ool A5, domain®] A3 KA} AHEE BA| LA
yio] BeiE 2438l B uE9lon (McNellius et al. 1994),
ATL (Arabidopsis toxicosen levadura 2) 8% AH= RING finger
domain©] polypeptide o) A5} 1 7|52 S
AdZ k= 271930l Tofdl= Zlo] H1%| 9]0 (Martinez-
Garcia et al. 1996), BRH! (Brassinosteroid-responsive RING-H2)
A A= RING finger domaino} C-reh oflof| 25, 1
5 A Heao] o8] fEEo] Hedud FHxEA
A3k (Molnar et al, 2002) 5o] 4&4 uck B3 $HA}
24 patternof] @2} 4-RZF (Arabidopsis RING zine finger) &
A= F2F wdAA o) 27|, SinatS (Sinat5 Seven in
absentia homolog 5) FARM= 29 WA|7], RHAZD
(RING-H2 finger protein 2b) G4 = 2 FeigdAdA 9 3}
EofA] =7 2§ So] B ic} (Deng ef al. 1992, Thomas
1993, Goldberg et al. 1994, Meinke 1994;1995, Zou and taylor
1997, Chaudhury et al. 2001, Lechner et al. 2002).
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of FAAS st HolZl Ae/Ds 4+Y HOlAEE o83t
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Han (2002) 2 Kim 5 (2002; 2004)0] X213} o] o]3)
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FRX BElE 9138 Fe626 primer:= forword; 5'-ATGGAT
CCTAATGAACCTTGCTGG-3'¢} reverse; 5-TCAGGCTTTC
GGCTGTTGACGATC-T% ZVZ- AMREHEE, PCRE 9Tt

252742 94T 18, 61T 40%, 12°C 1522 30 Cycless}

Oﬂl‘% PCR AFZ-E 1% agarose gelol|A ZEAE-Z F91dt
3., Gel Extraction Kit (solgent)of] 23} %?} DNAS 2

ZABE &, pGEM T-easy vector (Promega)©l| cloninga}FSitt.
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thE SRS SAME Ul Basslon], SR 97lae
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RT-PCREAL IntronbioAlof| 4] A ZS}= one-step RT-PCR
kits AMg-oto] o]eh oA A 3wl AEH| wel =85t
itk RT-PCRE 3k primer= §AAE BolA0 R 358
£ Qe 3UTREQ A fw; 5-AAGTGTGGCTTATGCG
AGAG-3'9} rv; 5-TGCTTCTTAAAACGGTTTCG-3E Z+7+
R 251 RT-PCRY) 22 AL 45T of A 308, 94C o]
A 587 G AARRSE ok, 94CollA 20, 61°CofA] 40
%, 2C oA 189 GA = 403 ukEsto] AAsta, 727C
oA SEF HF FEHSIG F5E PCR AES 15%
agarose geloll 719%F st I F=g It

p—
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[IM]
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——

I‘_>r_

& HOIAIS BEEE B4

A1 ¥ Ae/Ds AR Ho] 21,0007 6] it GUS
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[e]
=
T T A HEAL A BEol AZSE, 2H F 3

11 >
ﬂllo ol

Ao o] HHAZAR vlah vhe 2o AR SAL
o ol 5AE B9ic (Figure 1), wjebd A AT single
copy®} Ds 0|17} 4l knock-out He|A)iz We] £
AR ol Fig 13} & ARG Hal 402 dsol
olg o3 faAe el B wReAT ol g5tk
A 0] 752

2P RUA 22 ¥ 1M

A8t Ao/Ds 49 Ho] AE-C 22| FST (flanking sequence
tag) w41 St A} Ds Hololxpr} 3 HMA| zinc finger
RING-H2 f-72k9] A W5 exon F9lofl A=) 95S
31819 o™ (Figure 2-A) taggingH zinc finger RING-H2
B 9 AR FHEAE 95 RT-PCR 2495 27 of
2T 75 HEE B0 Ds Ay HolAHlo A= HE
LR R 9kt (Figure 2-B). H-417H0] 22jE 3 544
o] ¢cDNAZE-E| Fc626 primersS 0]8-3}o} PCR &4 2l o

]HH"E“; A% A} 1338bp 2| zinc finger RING-H2 thifal

A FARZA 2AIo] 49 kDa o], 44574 ofn]rAto

=z —?*j,i]oi U= AOR Oszinc6262 HH59Tt (Figure
2-C). T3} Oszinc626 SAR= 22712 &34 indica 3%
W (Oryza sativa L), S8F L% (Vitis vinifera), 77
(Solanum demissum)y52+2] ofn]=AF oA Z+zF 99%,
66%, 49%2] AFEAS BTk T3k RING finger domain3

o9} alignment EASH A7} Oszinc626 GHAAN= T2 QY&
oA BelEle] RuE fHRel Aol Uk Aoz 1

WT Mutants

Figure 1. Phenotypes of the wild type and mutants plants.
Comparison of (A) shoots length and (B) seed development.



180 - Journal of Plant Biotechnology

Ds3' Ds5’ ¢
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¥ | WT o°
4.57Kb
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Oszinc6261% exon L GUs
= ! =
8.0. S.A.
(C) TCAAACAAAAAGTCAGTAGT ACT TGCACG TGATTGGCAAA TTAGTCAAGACGRGTGOTCT
TTGCTGCG TGRCOGCGAGGCCACATGRGACAAAGTCTAATCTTGCAAGCAGAGACTGTTGT

1 = ATGGATCCTAATGAACCTTGCTGGCGGATGAATTCAAGCT TCTCTCCTCCAATGT CAAGG
M O PNEPCWARMNSGSSFSPPMSR -20
61 ~ AGATG&)ACYGCAJGAATCCATCTGAYGGATTGCCACACAGGATTCATGATGCY(XJAU‘T

G L H R 1 H - 40
121 - TATGTA?CATCACT GTCATC&ATAGTMA&MGTAGAAGT&ZATTTGGCAGTGAG:AG
Y ¥$3$ L S SHSKGSR Q@ - 60
181 - TACTTGAATC&G:A&ATTCTGTATCAGATmGGX:ACTGTcTTATTTTGGTAGTOCAGCT
Y LNHGHS VS DG A A ~BO
241 - SATAGTTUQ:AGITFA%ATGG{QWC;’CTCTYCAAAGATTTGATGTW}H}AGFTTb 100
301 - TCTACADCTG:ABGATCAAGADCTGACACTTCT&TTAT&&AATCCAGTGAGAG
S R Q -120

38% - TTAACT&AGTAAGCA.;TTTCA;TTCTGCATCMYTCTCACAGTCAAGTCAGGT&;C

qQ
427 - TCTTCTAGTAAAGCA&ATACTT ACATTTACCANCMTCATC’TG}GAAGBJGATCTTTG
KPP YL HLPRMNUHLOGRRSEFE =-160
481 - ATGTCAAMCCAGTGTAWTTGTCTTGBGTAATOZAGT GTDGZANXIAGAAGCCTCT

= 140

S K PV F R NPV S E 5 =180

541 ~ GGGATG}:TGAAGCTAGTMTATT(}SGmAACMCAOCTAGTGATGATTCTG:TGTGTGG
G T ¥ P 3S DD - 200

601 ~ CGGCGCAGGTTGGGAAGTGZTGAGCTCAAGTT O’JACAATE}ATTGAETGAGTTT(XSGMG
St ASPELKFHNALSE K =220

861 - GTAGAC—KIITTCAOSAGAMAMCACMGCTCAAGGAGGGAAGG&TTGAGATGGAGCAAT
A SPEPNTSSRRAREGFRMW®WS N -240
721 - GGTAGTAJCTA’IE)GA'I;ITTGGGATATGU'G}TGATQZCATTGACATTTCAGATGATATT;_GI' 260

781 - GTGGAGTCNAAAGATGW)GACMGTTGAGTGAGGTTTD’TTWA&

£ § OR S P T SS VRFLKCEGIL CE =280

841 -~ AGATTCCTQ)}GCAGAAATCA&ATGGACCTCMAMGATTGTTCAAMTTCTGATATG
P ad T ENRI VONSOH -300

901 - CGAGTA’J"JG%GGTWI’TD:ATGT&}(X:ATGTCTY(X:AM}AGATTGTCT CGAGGAAAGT
P L PCRHV FHADLCCLCILEELES -3

961 - ACTCCMAGAGTCAAGTGCATGAAWA&TTGWCTCTATGCACAOGAGGGACTGATGAT
S eV HEPPCPL CTRG T DD -340

1021 - GAAGGGTGTGTCT CATTCTCGRAACCATTACATGY TGCCCT! CAGATCTG}TWYAGGAAT
£ § E£E P L HV AL RS N - 380

1081 - CAAG"TAATAGTTTCTCTCTTGETGSTTCT&TGGMGTACCAGW:MATWTTCTWT
Q G NS F SLGGS GG ST S ANP SR =380

1143 - AGTGATCATG}CTTGAAGI:GAAATCAGTCTGSWT TGYG&AAGAKECAGT&SCACGATG

S D HGL KRN S A ¥V A RR S -~ 400
1201 - TTWGAAMT1CT®TTCAAR}MTHGBG&AAGATCTCTTC
FRNRFIKIKOQFSFKGRTFGEKTD F - 420

1261 — GGTGGTAGAGTTYTCAAGAAGGT YGGATCATCGTCTTCTTCAGGTPAAL‘AGGAOGATG}T
R Y F KKVY G S 535 83 6 G Q0D DR -44
1321 - CAACAGCCGAAAGCCTGA CTGAAAAAAAAAATACATGAAGTAGCTAGTATGAAATCGCGC
Qg P K A «

GATTATAATGTGCCCTGCTGCTACTCTAGCCCCTGTTY AATCGAGTG TGTCAAGAAGTCGT
AGTCCATGTATAATTTATGATAGAAGGTGAAATTCTGT ATGCATGCGGCCCTECECTAGCA

Figure 2, Transcript analysis of Oszinc626::Ds. (A) Genomic
structure of Oszinc626 showing the position of the trap Ds
element. Exons are represented by boxes and introns by lines.
The arrows correspond to inserted site. The putative splicing
donor (S.D.) and acceptor sites (S.A.) are indicated by the bent
arrow. (B) RT-PCR analysis of Oszinc626 mRNA. Total RNA
was extracted from the roots of wildtype and Oszinc626::Ds
plants. (C) Nucleotide and deduced amino acid sequence of
Oszinc626. The specific primers are underlined with bold lines
and The RINGH2 finger motif is in italic.

Bt} (Figure 3-A). < Oszinc626-3-AA= RING-H2 (C3-H2-C3
Hel) AHof Cys-X.Cys-Xos-Cys-X-His-Xp-His-X-Cys-X14-Cys-
Xo-Cys] F22 o|F0lA 9lon (Figure 3-B), o3 Ty
A 725 7H= RING #3 4te] B3t 1 ol 7|5
Hojl A B =0} 9X] ¢k 9lct (Xiuhong et al. 2008). w
gha B AtofA] Ho|A Oszinc626 87 A= RING motif
%3 9o| C-terminusel] Y= A2 v]Ro| & W, A5
7t Sejd fARe g2 715 3k IdE 7ol §

st ek

Mt HO[AS9| GenotypingZt GUS L& £4

f'

Figure 13} 22 HAES H2l BojH| F homo A5E

(p) Oszinc626 D1SOHISVESURSPTSSVRFLKCGLCERFLROXSPRTSNRT VONSDMPVAAVLPCRHVFH
EAY89842 D1 SDHISVESQRSPTSSVRFLKCGLCERFLRAKSPATSNR VONSDMPYAAVLPCRHVFH
BAF11905  DISDHISVESQRSPTSSVRFLKCGLCERFLROKSPWTSNRI VONSDMPYAAVLPCRHVFH
NP_197327 —NDTEVANPRSEQGSUTHORCG! CKKLLSOXSPISSYK | LRSROMPATGVFPCHHVYH
BAF26476 —DAERSGPLRS!NIIWTMLSKWRRWRTG)LWAGVLPCGIWH

M RS 304L IAE S 128 A SOUNE M BREE 34 LN 1
0szinc626 AIIILEESTPKS{N}EPP(?LCTR—GTDDEGCVS:SB’LHVA
EAY89842  ADCLEESTPKSQVHEPPCPLCTR—GTDDEGCVSFSEPLHVA
BAF11905  ADCLEESTPKSQVHEPPCPLCTR—GTDDEGCVSFSEPLHVA
NP_197327 VECLDKATPTAQTROPSCPVCSNTIG——————— W
BAF26476  AECLERTTPKGOKHDPPGPACDRL SGKDTE-mmmmmm

RS PR LI L L L S

(B) RING:  CysXCysXyCysX-HisX,HisXCys X, Cys X Cys

Figure 3. Sequence alignment of RING-H2 finger motifs from
different proteins. (A) Multiple sequence alignment of some
RING finger motifs by the homology search. Identical and
conserved residues in all aligned sequences are indicated by
asterisks(*) and dots(.), respectively. (B) The Cys/His residues
forming the two zincbinding sites.

(A)
.Q@M

Oszinc626 gene

Oszinc626 lines
He Ho He

M WT WI He He

Figure 4. Analysis of (A) Genotype and (B) Activity of
promotorless GUS gene in Oszinc626::Ds mutant. The PCR
analysis used three primers, Oszinc626 full genome and 3’
region in Ds primers.

Aat7] 13 Oszinc626 532 9 2 Ds Aol 4
& 0]g5to] genotype PCREASH AT} wild typeolls= 500 bp
37]¢] &< band, hetero typeofl= 500 bpe} 400bp 2712
= 7€) band 2831 homo typeoi| A= 400 bp 7|9 T
WIES o] homo /|HZ ASHIct (Figure 4-A). Genotype
o] 21E 247} RS Wel2 o] §3ho] GUS B4 BA
3t A3} 400 bpA 719 FUNETL Uhe AHA ol A= GUSY
g4do] me) AA|o) 254 SO, wild typet hetero
typeS] ZRAlSH BABHA 75 3 % 3lck (Figure 4-B). o]
A7} Ds Ao1A e A3 Oszinc626 AR} knock-outE
A AR GUS o] He2E & & AT
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Oszinc626 FTXIC| copy +

AE O

Bl Alw Aol A Oszinc626 FRA] copy 8 YotE7]
943 B2 ¥ U A DNAY B714E 5 ¥ T
zine-finger proteini} AFg-Ao] W 3dkek 500 bpo] EA 4
71 {3912 probe. 3}0] Southem blot HA3 A3} 1§
4712] AlgtatojA BT single band2 H T (Figure 5-A).
9] 7128 Oszinc626 SAAF] UHa ORARS HLAG)]
3 - dA+e Eo| primerE ZF4J s}l RT-PCRE 4
23 A Aot $4, £7] 9 oA A EEd
& 4= Tt (Figure 5-B). WeEbA Oszinc626-- A=
|5 ol single copyZ £A5FH 22| ¥ GUS ‘ﬂ"d-t',._—@,
T-PCRE &3} 7|3 Wty gAfo 2 Ho 7]4.#§}
A ARe] 22 BRI AN 519 U8
A Bolsls AR AzkEr

o &t Ho

_E

uj

X

=
>|'Ei _tg

P i AT <}

GUSs &4

ZAME &8t Oszinc626 XXt promoter dliA]

Oszinc626 FAAL7} knock-outsl Ds 449 #lo] AE-& o]
3ol Z 2204 GUS 28 A& A3t Bt MJ IS
A 2 9]9]9] inner layerollA] 78 HES BT} (Figure 6).
w2tA Oszinc626 G Al A Ao

72 promoter= 48 7%

(A)MBEH P
&  Oszinc626

N —

B)
Sced Leaf Stem Root

e

Figure 5. (A) Southern blot analysis with Oszinc626 about
wild type rice. The 3’ region specific to Oszinc626 gene was
used as a probe. Restriction enzymes used were as follows,
M:molecular marker, B:BamHI, E:EcoRl, H:HindIll, P:Pst 1
(B) Specific expression of OsZincR626 in rice different organs.

2 Ac/DsTOICIXE &9 BHOIX| Oszinc626 FEAIQ B4 =AM .

181

2 9%e A B Y eedA B EEE 233
o, T2 B4 Al T4 2] G¥E T 99 inner
layer W= T & = Uk o9 22 Fak= &

S (1999)°] Ac/Ds systeme o] 83t -8 A9 2l 4
212t promoter 7]5314] §AE YAk AIE Eth

AZ MEZHEE U & stress H3I0| T2 Oszinc626
s
Oszinc626-F72k0] Ds Aol QlA7} ArelEl SdH o] o
A ZAbe] vk @ A2 ApzbolA] 7] Thod 6}1 gickar A4
ﬂﬂﬁ} uebA B8] dES FE= AFREEA
Al (Auxin)@] 4591 IAA 2 24-D A&] 3 Oszinc626 5

%iZH T AEE AW E I 1AA AN E d2T

o 719 fAleh HRTL Bon, 7T W 2 T B
A71E 24-D AeFtoflA] dizTo] vl Zet HAGLS
Kt} (Figure 5-A). 3t 87 stress Aol w2 Oszinc626
LAzLo] dHE oFALS ool 7] 98] 250 mM NaCl, 4C
cold “28]31 100 uM ABAES A|ZHEE A e]dbo] x|AFH.9]
HAs 4 8A7 SR AEAAS WE A7

dgjeke BAE)

=

L3

Figure 6. Histochemical analysis GUS activity in Oszinc626::
Ds mutant. A: Whole root B: Seminal root tip, C: Lateral root,
D: Stamen and pistil in seed, E: Paraffin block section of
pollen in flower.

() 100sM 1AA O.lmp/1.24D
0 30°1 2 S 1024hr 0 30°1 4 24 48 2 hr
o [Tt D
am EL T CLLLLL]
®) 250mM NaCl 4T Cold 100gM ABA
0 30°1 2 5§ 1024hr €6 30° 1 2 5 1624 0 30° 1 2 S 18 U4
Oszincs26

e - — - ———
R v e e o e e e [ O e D

Figure 7. Quantitative RT-PCR analysis under various conditions. The OsZincR626 gene expression in response to (A) 100 M
IAA, 0.1 mg/L 24D and (B) 250 mM NaCl, low temperatures (4°C), 100 pM ABA for the indicated amount of time in 14 days

old seedlings, respectively.
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O

| doju4E gaRe $E Jurt St A B
ASAc} (Figure 5-B). %3} 222 NaClollA] §-2)5jo]

£ Na'9} CI 0] %7} 21210] Ho| A Yo Ca™" o]

A

o] S7HE zHsHA =1, etAoer HaltE A2ze
Ca’ 0] &% T second messager24] 2ha3}e] AL A
Edao gt ASHGAAE LA AlZwe Fal

AEH 2 Hgo] Foldh= K 0] 29 $¢1HK'/Na' TAE
ZAsH] "t (Mendoza et al. 1994, Knight et al. 1997, Yun
2005). ABAE A1E2) n|AYESHA] AEH A (abiotic stress)?]]
A Fa% QS e AlE TEEOEA AEHA ¥R
Hofste FAZES B 24 wrishs AR A
Qlt} (Xiong et al. 2003).
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271 9] QoA AjZH0] A4 uH
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5 ot AR ud 2AITE
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~
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S 1
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(o]

Re] Sal|o] 4e/Ds ArQlH o)A ttke] GUS &2
Soto] He] @ njsFAol Al FFekA GUS 7} st
= Adkslo] FST (flanking sequence tag) 24 $F 23} Ds
Ho]Q1At7} 38 FAA| zine finger RING-H2 3 Oszinc626
SR xko] A WA exon E-9of single copyE A U= 0] AU
o, Kol %2} 8 ) weto] B4R BAse]
3 w9 ko A0 2 YERIT) Oszine626 S-AAR= RING-H2
type (C3-H2-C3)2.2 Cys-X;-Cys-Xys-Cys-X-His-X;-His-X»-Cys-
X14-Cys-Xz-CysHH°:‘0] C-terminus 7} Teto]l 92|54, 49
kDa9] Bx}eke 7}x3 uh. T3 Southern blot HEAj0) A
Oszinc626 A= ] AlsAko] single copy2 &A3}5t}
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