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Abstract Sumoylation is a reversible conjugation process
that attaches the small ubiquitin modifier (SUMO) peptide to
target proteins and regulates a wide variety of cellular
functions in eucaryotes. As final step of the sumoylation,
SUMO E3 ligases facilitate conjugation of SUMO to target
proteins. To characterize the functions of the SUMO E3
ligases in Oryza sativa, we isolated a single recessive rice
SUMO E3 ligase, Ossiz/-2 mutant. In addition, we also
confirmed the interaction between OsSIZ1/-2 and OsSUMO1,
respectively, by using an Agrobacterium-based tobacco
luciferase transient expression system. Ossiz/-2 mutant
exhibited approximately 20% reduction in growth and
developmental units compared with wild type. Especially,
number of filled seeds and total seed weight were dramati-
cally decreased in the Ossiz/-2 mutant rice. Thus, these
results suggest that sumoylation by the OsSIZ1 as SUMO E3
ligase plays an important role in regulating growth and
development in rice.

Keywords Agronomic traits, Rice, SIZ/PIAS-type SUMO
E3 ligase, SUMO, sumoylation
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o] §A2 oJotol W Sl T el modification
24 L ol gl MENEE AT ¥ 2HelL Yok 1
T} A o = methane, acetate, fatty acids, sugars, nucleosides 1
2] 31 phosphate®} -2 2h2 Ex}7} o] g Bl ofi]z},
ubiquitin(Ub) Z&]31, 19} -FAFA| ¢l SUMO(small ubiquitin-
like modifier)2} 72 22 polypeptideo]] 2] a4 = Thaf 2l 9]
WAL modification I} 0] Z--&F th(Downes and Vierstra
2005). o] 9} Z-& whul A o] Mo & modification 242 A
Zuje] 914 R = vhaidel ogsiel e g
Ao AAA< W3S Holdtth(Dohmen 2004). E73],
a2 9] Ubojl 9]t modification 2142 DNA repair, protein
kinase activation, 2] 1L endocytosisQ} - AM|ZEW AlF A
2o 6] 3}+= mono-ubiquitination T}A 1} 26S proteosome
complex7} o] dlo] =2 thi 2L polyubiquitinations}o]
7 RS Belshe BYOR 5B AR, 191 35|
oA <A Qrh(Welchman et al. 2005). 2] &4 mono-
ubiquitination®]] 93t T Aol 2 )2k T3t AF=
B Eo|QlX] &3, polyubiquitinationo]] &]3F thal 2l o]
ol 712kl wEk AtvE B = Qlok E3E, of 7]
ol A HA ARG 5%l sfEst 14007] o] 449
ZZ}7} ubiquitin/26S proteasome pathwayof] o] & o=
ol &5 w, 11 Zo|A oF 90%2] G A}+= ubiquitin E3 ligases
O ATYAE L5k dAS JIslitta Bk
S tH(Moon et al. 2004; Smalle and Vierstra 2004).

SUMO ©hi 212 321 X o2 Ube) =2 GAMS
Ho|z gk, ofu|leAke] 12} A EE Hlws] BH 22 20%
A2 §AHE Holx glow N-geke] 1579 oful
A A7|2 27"z wEetT 9lthHay 2005). SUMO
ThEll 2 .S ybiquitin-like proteins(ULPs)o] ™, 2F 12 KDa =
|9] 22 cha ol o] T AL 19961 GTPase A
oA Ql RanGAPLO| {2 dste] A2 YAE =4

N
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= whal A 2 31o] ] ¢ th(Matunis et al. 1996). o]} ZHo]
SUMO theizlo] EA o] QAT st 1YL
sumoylation®] 2} 5}, 5=} Eioﬂ A Az, Az
F7)oA A=A, DNA repair, A=W o] 91324, 1
2] 11 ubiquitination®] 3t A& S3} Z+S tokst A
ZYoA dTE 3T Aor HiEal lth(Jonson
2004; Hay 2005). SUMO whjde nE z A Eof &)
stal glom, of 7| o A SUMO F-H A= 22 47
(SUMI~3, 183 5)7F =1 Qi w3l 2%E 8719 &
ARE 7HA AL itk Alo] EFQIE YItK(Colby et al. 2006;
Budhiraja et al. 2009). SUMO1/2 conjugates+= heat shock,
H,0,, ethanol, 18] 11 canavanin¥} Z-& A Y t}ofst AE
gl 2of oelA F7tE= AR Bzl skA|qh SUMO3
conjugates= L9} T2 AEF A WHEL gle AoRE
B 15 th(Kurepa et al. 2003). Z Lo AtSUMO3 = AF
A XK(Salicylic acid; SA) 241 9] st EA oA 7S 49
8}al, AtSUMOL/-2= Ahe| A4 29 AeidA oA 1
28 QAL A5E 2 Aolghn A sk
(van den Burg et al. 2010). ©]2} Zro] SUMO T2l of 9]
3 sumoylation 34& Thera BAE AN B Tl
9] modification< :,L‘ﬂﬂ slo] 243 r/} 74% /\]A}ﬁ}u}
L HEEER

Hcﬂolﬂ}(COlby et al 2006) E?ﬂ', E]- 5]- —‘,L‘ﬂo}
o] ESHH £ HAIESHY /\E‘Llﬂ_/_\_oﬂ o) 5t
A|Eo] g @ S of ujo
Z tH(Miura et al. 2007a; Saracco et al. 2007). Sumoylation I}
ML ubiquitination T} FASHA A chuiAo] El
(SUMO-activation enzyme) (activation), E2(SUMO-conjugation
enzyme) (conjugation), ~L2] 3 E3(SUMO ligase) (ligation)2} 2+
o] AA AI7HA9] ¢AFAQl A AaREg-S Fdto] SUMO Tl
A& conjugationd}A Eth 12)al, =2 ch ol Aghe
SUMO w28 thA] 0] 83 4=~ Q== SUMO proteases2t
T 8h T o] A8elo] SUMOE Helst 758 43
514 = th(Johnson 2004). Sumoylation T}4-2 ubiquitination
43 9o 54 o] Fe TEAY, yKXED
(w, large hydrophobic amino acid; K, the acceptor lysine; X,
any amino acid; E/D, glutamate or aspartate)2] £]2]¢f SUMO
conjugation®] rAS}HA| E ch(Schmidt and Miiller 2003; Seeler
and Dejean 2003). ¥Wt& o2 SUMO El2 8%, 55 1
23 o) 7| o Al AosI(SAEL, Sual)TF Uba2(SAE2, hUbs2)
2 FAE o] heterodimerS # A}, SUMO B2&= &3 &
oA Ubcd, 1e]aL off 71 eell A SCEIS] T f-AAE
A=) 0] 9lthDohmen 2004). o7& oA ASUMO1/2€]
SAMoIA oA A=A 7 A= T 2ol Bl E2
%, SAE29} SCEIS] A7 & ¥ ol 7F HH 5 Ug X
AP E HoFA FHrh o]ef - A4S sumoylation o]

AAE 4me] wah W weke] o3 o
Ao 2 Ko 2 th(Saracco et al. 2007).

SUMO E3 ligase= SUMOE E2 conjugation enzyme 2. =
NE B duldR Solq o dushed ofd 43
ey aeE R, ol A AU S| sumoylation t7gof uj
$- 87 Ao th(Johnson 2004). &= A Eof|A
SIZ/PIAS, RanBP2, Pc2 17|31 HDAC4%} Zo] H £7F 9]
SUMO E3 ligase7} EEIE]J_ o, of 7|A o A= SIZ1
T MMS21/HPY29] & &7} &3 %] 2l ¢l th(Huang et al.
2009; Ishida et al. 2009). :OI, t}oFsl A AEH A WS
2 SIZ1, SUMO E3 ligaseo|| oJajA] =2 wlj7lj g o] {48t
Aol AzlstA el B o g2 FhelE Qi) SiZ1o] #ofs}
= 37 AEG A HES-of 93} sumoylation T}4-2 phosphate
starvation, abscisic acid(ABA), SA-dependent defense response,
flowering regulation, basal thermotolerance, drought 12|31 cold
SO 2 71%of Brod Aer ZlEdtk(Yoo et al.
2006; Catala et al. 2007; Lee et al. 2007; Saracco et al. 2007,
Miura et al. 2005; 2007b; 2009; Jin et al. 2008). 12 1L
MMS21/HPY2, SUMO E3 ligase= 52 4] &2 23} U gt
gty o]| Fofdd Aor By % ¢Ith(Huang et al. 2009;
Ishida et al. 2009).

off 7] &t o]l Al sumoylatione] T+o]dH= LA QASo| &
AFE o] Qi =3, SUMOS] B At o] §3t 2z}

S7FekaL Qe o] [7bA] HalE HAchilE 2 = MYB30,
GTE3/5, PHRI, ICEl, ABIS, 7121 FLD9} Zro] @ 7}%]
AEdl B3 % ) th(Garcia-Dominguez et al. 2008; Jin et al.
2008; Miura et al. 2005; 2007b; 2009; Okada et al. 2009). 3}
A9k, = 150 oA st oFo] BA thulzl o] B A
2 st AHA 152 SUMO E2 activating enzyme,
SCE&} SUMO specific protease, ESD45 ©]-8-35}¢] yeast two-
hybrid screening B O 2 2387[9] A 9] E2 thul S
Bostal, 11 Fof 1247§5 7FA] 2L sumoylation —5_'—/\4 2 4
3 5} 9 th(Elrouby and Coupland 2010). FHA 152 His-
H89R SUMOI1 suml-1sum2-1 FAAZ A& —%—%%E—‘?—E{
SUMO 415 ol geho] 357719] B4 A e wels)
S oiMiller et al. 2010). & o+ 152 AtSUMOI1 9] 6His-
3Flag tags AFsto] of7|dd) FAMS AEAE W=
1 O AE FE2EZ5E sumoylationg 35l £ ot
w2l o] B9 1 113} th(Park et al. 2011a). ©]e} Zo], &
=1 ARE H|Esto] o 7)Ao Al sumoylation 7]Z}2]
A7} Pral Elojolis vhe, 3B B AL A5
shA W HAAEstR ] L7} o} ulu|at Abeo|ct.
2| B A= FHAEH A AHe|5of Yojifi= sumoylation
Tl Te At7F HAl = glow, SUMO E3 ligase &¢1
o A o] A= e OsSIZI Tl o] A4, did e
11, spikelet fertilityo]] #oJshS X o] 31 th(Chaikam and
Karlson 2010; Thangasamy et al. 2011; Wang et al. 2011). &
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182 vlo] A SUMO E3 ligases, OsSIZI T} 0sSIZ2 &
& Bejsta 1 ghel A Eo] SUMO E3 ligase2] &4
Aof| T3t AF+E Fshglon, 1 RS
O] atsizl-2 EQARo| Ao FAALS S5}
FEISHAQl BaE vl 3 Wk ofy el ABASF 1
Ed Aof| A 0sSIZ1T} 0sSIZ29] 7|58 B 189t
(Park et al. 2010). 2 Ao A= Ossizl-2 EAHO|AE &
2]5}9] 12, 0sSIZ1 7} 0sSIZ2 Tl A Eo0] 0sSUMO1 ] A
AL P AL Hulloll A luciferase expression
systeme ©]-8-5Fo] FQlstGct. E3F, Ossizl-2 F¢ WO
A7b 2ot vlaste] thFet FEjtA o= Agto] 9l
=2 Btk 53], TE&oA o 50% A= HaS B
Z 0 25 oA SUMO E3 ligase, OsSIZ1 thuf o]
of A%, e 9 8o Fa3t qds oYL Ao
o ZH .

fo @ o tle X re
[e]
N
-|>i 1
o, 7

S Z(0ryza sativa L. cv. Dongjin) 23} T-DNA tagging
mutant line(OssizI-2, PFG_3A-02154)2 ¢HAS n4HOo=
58] HoF urolth(eong et al. 2005). Hi £A1o|A] wroi
30°C 18] 3 who= 207C, 14 h 33710 h ¢F 2|4 AL
steich w9l 7| uulere slstel SR 96% oSS A
f35to] 5EX AH Hst &, 3% sodium hypochlorite -84
o AFERO] 2 A7 BoF AESL) B3, WFAE of
Sto] 2219 Wl sodium hypochlorite &4 o] £o{3]
2| OFEE 53] uhE A 25} ChPark et al. 2011b). L Ex}
= 12 MSE xEgst= IAH|RE 7FR| L Q1= plastic
boxes(25 x 18 x 9 em’)o| 4] 25C 2] 16/8 h /o] A
A drotE] i) -4 219 cloningS $J3}e] E. coli XL1-Blue
MRF>®} DH5 a(Stratagene, La Jolla, CA, USA)S AF&35F4 L.

o 1

HO| Ossiz1-2 SHXQ| 22| U 20|

OFHF-S. T.DNA tagging mutant ling(OssizI-2, PFG_3A-02154)
25E sHY FAWlAE 25ty flsto] 7]l
FE W ZEE cetyl trimethyl-ammonium bromide(CTAB)
P2 0]85}0] genomic DNAES £ 2]} % th(Murray and
Thompson 1980). <=5=52] ¥ genomic DNAE F3 02 A}
£5}0] 0sSIZ1 primers(P1 and P2)Q} T-DNA 2] LB primer 2
genomic PCRS 423J3}o] &4t Ossizl-2 &AW O|AE
ikt 1 Aol Wi & 24 2 2
oA e EE AT AE AZ 2, T, Aol

A Ossizl-2 EQHOIAN BYES BRALD HFHO

lo Hz

o

s

A
~

=

fijo
o2
Ot

bk

A~
T

Sha

EHiliolM Agrobacterium-mediated luciferase transient expression
9| &0l

o A 0sSIZ13} 0sSIZ2 Tl 25 0] 0sSUMO1 E=
AtSUMO1 9] Ao 2H-8-5 821817 9fsto] oF 7 % Hj
A FA|E Agrobacterium-mediated luciferase transient expression
A¥-S 95t AFgst Tt 0sSIZI/-2 AR = pCambial 300-
nLUC vectoro]] Z+Z; AFQ13}9 a1, OsSUMOI13} AtSUMOI &
A= pCambial 300-cLUC vectorol 41 ¢1sto] & A=A 3 Al
S 95to] FH]5FA tH(Chen et al. 2008). ZF -E9] vector
E-& Agrobacterium tumefaciens GV3101 Zof =3}t
3, 28 CoflA] 10 mM MES buffer, 20 uM acetosyringone,
aejar Agg A 7E S Luria-Bertani 8 2] o] A /3
A5t bacteriax= 10 mM MgCly, 10 mM MES buffer, 71L& 11
100 uM acetosyringoneS 3F-3-3}+= infiltration solutionoj] A]
e 542 flol7] SIstel T Ak Gene
silencing @] suppressor®l pl97} &AM ZE Agrobacterium
L Zro] vttt Zhz o H Agrobacterium 8l Y-S
ODgo=0.5= 311, U3t H o2 &3skqicth L wjeF
oo e Qo] Frkis FAIZ AMEstel AeAH
a1, 23 C ol A 36 AJZF ZSF plastic bag. & HolFQith 1
Fef oL | mM luciferin 8N O 2 A EALSIS 0, EM
CCD camera(iXon, Andor Technology ple, Ireland)E ©]-&3}
o] AFRE Al Bioluminescence= LATE| oA 5E =
ot & Fof 7| =583

Ossiz1-2 SHHO|H Q| MAS TA}

Ossiz]-2 SIS 44t BAE SAF LS A
sho] F2AH(wild type) (Oryza sativa L. cv. Dongjin)@} Ossizl-2
SARoH Y] ME 2o A BEAIFoH, HFHoR 5
g7)of Z2ke] AEAE 283t To Al A =55
e Ml 24, 4 R SUUS U5 54
AL EE R PERERS T
&2 oPR Y SXIBE BIES] Ossizl-2 S0l
A Hetero2} Homo lines .2 U0o] EA351o] A4 3}519ch

2 Y

|
[

B2l Sumoylation 7|} 2 Xt 5! Ossiz1-2 SAHO(A|
9 T-DNA AULIA| =0l

off 7] &t ol A sumoylationo]] Fojdls SAAESL FH H
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1l & o] Qlth(Miura and Hasegawa 2010). L2}, Hoj A=
ol2|gt FHAAES] A7}t mlH|SF] sumoylation 7|2}
Hofsts FAAES E48 EthTable 1). BoA e
N7 ehet Zo] e FAR a7 F HER Qth
et SUMO w2 of 7]kt ol A 87 EA 8} A R,
Hol A= 377 2A o] W Atk ®3 SR A
SUMO E3 ligase, SIZ G- A7} of 7| &) eF T2 A F7)7}F
ZA 3ol &2l = ith(Table 1). o] 22 H oA SUMO
2o oAl sumoylation®] ThFA & Kol A Hrk
+ SIZ HE 9 SUMO E3 ligaseol] oJalj A t}ofst A5 4
2o Bof I Ao® A HEN agER, & A4
oA OsSIZIT} 0sSIZ2 GRS Eeldla ‘}_]-_1‘4 )
of 52 of 7| e] AiSiZITh v mako] e A
o] SUMO E3 ligase 24 7|52 el it E3, of 71 %
So] aizl-2 SOl A o] T §HAE ol gto] Az
3 EAE wEdt 29 S AR J2A S0
Fef A ¢l vl ofu g}, ABA, 121 & AE{
of ol3t 0sSIZIF2 Bl 7] ol chPark et
al. 2010).

oo} 2o A2 ~qstEA W 0sSIzI SOl
£ 4%t AE $A A =Tt 0sSIZ12 v
9] genomeAy o A 1671 9] exonS 2 LA E o] 13l oH, of

714t 9] ASIZI TH AT} Z+o] SAP, PHD, PINIT, SP-RING,
1831 SXS domains©o] 2 EE T o]l %I th(Fig. 1A; Park
et al. 2010). E3], 92 AE2H 9 SIZ| o] 7}

[e:

> 1o

Table 1 The components of SUMO conjugation and SUMO
deconjugation in rice

Protein activity Gene Chr. Locus in rice
SUMO SUMI 0s01g0918300
SUM2 0s01g0918200
SUM3 0s07g0574500
SUMO El SAEla 0s11g0497000
SAE2 0s07g0586500
SUMO E2 SCEla 0s03g0123100
SCE1b 0s10g0536000
SCElc 0s04g0580400
SUMO E3 SI1Z1 0s05g0125000
S1z2 0s03g0719100
SUMO protease ULPla 0s01g0355900
ULPIb 0s03g0410100
ULPlc 050320344300
ULP2a 050520207900
ULP2b Os01g0738100

SUMO: small ubiquitin-related modifier; E1: SUMO activation
enzyme; E2: SUMO conjugating enzyme; E3: SUMO ligation
enzyme; protease: ubiquitin-like SUMO protease.

8l plant homeodomain-finger(PHD) domaino] & HZ T
of AUt EFHE Ossizl-2 %‘E%O]iﬂé selgt dxt
T-DNA7} 1587 exonF-¢of EAstct= AL &5t
(Fig. 1A). E3F, o2l 7= &} Eﬁ‘ﬁolxﬂe o]-§-3}
o] genomic PCR& 43§ 3}0] 19709] A =HE T4 &
53t Ossizl-2 EAWHO|A|E &HQls} il th(Fig. 1B). 12|l
OssizI-2(42)T} OssizI-2(#10)2] Ty Acho] RS o] &ahe]
suol Ao Fejstael $4E ekl

0sSIZ1/-2 THEEIL SUMO1 THHEC| MSXE FA]
g7k A de T 2
o SUMOZ BolZo R Agatl 7|5g Seait. 1
B2, SUMO E3 ligase7} SUMOS} A} 28 3}0] B )
Zof SUMOE A Ao|t} 0sSIZ1/-2 Th 2 o] B o
SUMO E3 ligaseZH 7|52 3T = U= &S|
7] 918te] OsSIZ1/-2 T A 3} off 7] %t €F ¥ ] SUMOI
chull 2 9} o] A} S 2F-2-9 ohuf| luciferase transient expression
systeme ©]-&3lo] F-olstthFig. 2A). FA dRZal
CLuc-RARIT} NLuc-SGTla7} @A ABE chuf 2127 of
A 743t 332 H 9 h(Fig. 2A-L; Chen et al. 2008). E3t,
SN EL firefly luciferase®] 7]2 Q1 lucifering | 2]
e U FFS U = JATH(Fig. 2A-I, 1T, and IV).
1314, NLuc-0sSIZ1/-22} CLuc-OsSUMO! 3-2 CLuc-AtSUMOI
of 2t2be] AL AR B GRS AL PP
o® ®o] Z=QrKFig. 2A-V, VI, VI, and VII).
luciferase transient expression & 2 ELE| 2213} luciferase &
e AFHoR EAMEW, A dixatel Hls|A
NLuc-0sSIZ1/-22} CLuc-OsSUMO! 32 CLuc-AtSUMO12| 7+

SUMO E3 ligase2] 7]

A
Ossiz1-2
LB VRB
058121 —— 4 HH+—+—H——+—HH-.———
STOP
K, i
B

WT1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

HE - - H- HF - A - - el - A A - - H- A H- -

Fig. 1 Identification of 7-DNA insertion mutant of OsSIZI.
(A) Schematic diagram indicating genomic structure and the site
of the 7-DNA insertion of OsSIZI. Genomic OsSIZI DNA is
represented by exons (black boxes) and introns. 7-DNA insertion
is indicated by the open inverted-triangle and located into 15" exon
of OsSIZI gene. P1 and P2 are primers used for the genotyping.
RB, right border; LB, left border. (B) Genotyping of OssizI-2
mutant. Genomic DNA was isolated from WT and 19 independent
Ossizl-2 mutant plants. PCR was performed with gene specific
primers (P1 and P2) and 7-DNA border primer sets, respectively.
Lanes 2, 5, 9, 10, 14, 15, and 19 indicate homozygote lines
(/). Wild type and heterozygote lines are indicated by (+/+)
and (+/-), respectively.
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B
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Relative LUC activity (%)

I m v v v vivi

Fig. 2 Identification of the interaction between SUMOI1 and
OsSIZ1/-2 in planta.

(A) Interaction between SUMOI1 and OsSIZ1/-2 in tobacco expression
system. Tobacco leaves were transformed by Agrobacterium infiltration
using a needleless syringe. The indicated NLuc and CLuc construct
pairs were used for transformation. Luciferase (LUC) image was
taken by an EM CCD camera. (B) Quantification of LUC activity
in tobacco leaves expressing the NLuc and CLuc construct pairs.
The data were collected at 36 h after infiltration and presented
as mean + SE of three independent samples.

ZF9o] %315 o A luciferase EAJo] oF 50% AE=YS Y
t} 0|9} Zro] OsSIZ1/-2 Tl 2 wiof A} SUMO E3 ligase
o 7358 aal] gakol SUMO thii A3} 45283t
i A2 ®oh

Ossiz1-2 2HHOIHQ] §F & 558 TA

Z}o]| o] }= SUMO E3 ligase, OsSIZ1

o] 4] sumoylation 7%}
At EAHOIA 7} AAA O = sumoylation

ez o] 7)== AFx
712 A BHE of7lsheAlE sk Aol 28 A

ojty, 1B &, okAE WO}t Ossizl-2(#2)Z} Ossizl-2(#10)
SdHOAE= ol-&3dto] & AFof sumoylation 4t
S vugl] Bk FHe EdHolAl= ofA vl
&to] sumoylation /o] Eol5S &It th(Park et al.

2010). o] A3}= OsSIZ1 Tl o] g AEH Ao 9Tt
sumoylation 7] Zte] oFHS & 4= glow, SAWo| A7}

Ossiz1-2 (#2)

80

S
o o
-

Ripened grains (%)
N
o

WT Hetero Homo
Ossiz1-2 (#2)

WT  Hetero Homo
Ossiz1-2 (#2)

Fig. 3 Phenotypes of wild type and Ossiz/-2 mutant rice plants.
(A) Morphological phenotypes of wild type and OssizI-2 mutant
in pot-soil condition. (B) Comparison of the ripened grains between
wild type and Ossiz/-2 mutant. Shown are the pictures of each
grain in the wild type, OssizI-2 (hetero line) and OssizI-2 (homo
line) mutants, respectively. Arrow heads indicate the sterilized
grains. (C) Statistical data of the ripened grains in (B). Data
represent mean = SE of three independent experiments (n = 30).

F FEEATE AE AR o BaeA o7
O atsizl-2 EAHOIA = dAo] HY Y 2 5=
o] Ae|AAte SRkl e Ao R HuE 9 rh(Lee et

al. 2007). 21322, opAE W}l B % Ossizi-2(#2) 71 A
F7)0] 274 wwstol
orS- wl, Ossizl-2(#2) S H 0| A= opY§ 1} v] w3}
e Z:Zor% H 3l thFig. 3A)- E3h AA Z2ARAE
Ossizl-2(#2) ZAHOIA|7L MA| A o= oAy 3t vl aLst
Z= 9] th(data not shown). $~&+7] 9] H
= 50 £ 7MY F8% adorh agEE,
Ossizl-2(#2) ZAHOIA Y HA A TS oPYF2
H 3 sko] 4w Hd, homo line®] ZAROIA| 7} 545-&0]
M dolzl= %“d%‘ AU tHFig. 3B). 1ot o] &
S0 4TS A3} fEH, oFFPL oF 93.7%, hetero
line-& <F 92%, 12] 11 homo line-2 F 56.7% A X2 Ossizl-2
of ZAMol A7t oW} vl W] of Wk e 5
o] "ol Hels i thFig. 30).
Ossiz1-2 SAHHOIH Q| HENSIHRl ST 24

Ossizl-2 EAWOIAE AR, wo] 4% 8

F07 2014 sumoylation 7] 2ol Tof & A

Sk Osizl-2 SAMO|AZ Fesbael =

& 53] Slstel obyY ME frzo
u

B
Ossizl-2 Z@AWHo|H &2 gt 9 Az
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—-—WT
—=— Ossiz1-2 (#2)
—— Ossiz1-2 (#10)

TSW

NFS

FR TNG

Fig. 4 Agronomic traits for wild type and Ossiz/-2 mutant rice
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of Spikelets per panicle; TNG, Total Number of Grains; FR,
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Weight; 1,000 SW, 1,000 Seed Weight.
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