AF oo'ggl'glxl HM3E M1z
J Plant Biotechnol
Vol. 36, No. 1, 23-29 (2009)

Nl

SHZMBIHIA] CCCH type zinc-finger protein

[UI} 0sZF2 J|s 2M

LS8 012N - MBS - HME

SEATY FUEUNY SYATAAR

Functional characterization of a CCCH type zinc-finger protein gene
OsZF2 by ectopic overexpression of the gene in rice

Jung-Sook Lee’

- In-Sun Yoon - Ung-Han Yoon - Gang-Seob Lee - Myung-Ok Byun - Seok-Chul Suh

National Academy of Agricultural Science, Rural Development Administration, Suwon 441-707, Korea

ABSTRACT We have previously isolated a CCCH type zinc-finger protein gene, OsZF2 (Oryza sativa Zinc Finger 2), from
the cold-treated rice cDNA library. To investigate the potential role of OsZF2, transgenic rice lines over-expressing OsZF2
under the control of CaMV 358 promoter have been developed through Agrobacterium-mediated transformation. Elevated
level of OsZF2 transcripts was confirmed by RNA gel blot analysis in transgenic rice. Under the 100 mM NaCl condition,
the transgenic rice showed significantly enhanced growth rate in terms of shoot length and fresh weight, implicating that
OsZF2 is likely to be involved in salt response of rice. In the field condition, however, the transgenic rice showed a dwarf
phenotype and flowering time was delayed. Genome expression profiling analysis of transgenic plants using the 20K NSF
rice oligonucleotide array revealed many up-regulated genes related to stress responses and signaling pathways such as
chaperone protein dnaJ 72, salt stress-induced protein, PR protein, disease resistance proteins RPM1 and Cf2/Cf5 disease
resistance protein, carbohydrate/ sugar transporter, OsWAK kinase, brassinosteroid LRR receptor kinase, and jasmonate
O-methyltransferase. These data suggest that the CCCH type zinc-finger protein OsZF2 is a upstream transcriptional factor

regulating growth and stress responsiveness of rice.
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et al. 2003; Yamaguchi-Shinozaki e
A7 =2 B R4 i &
FS7A 457 %ﬂ&%%°xﬁ}*-%iﬁﬂiﬁii
At} (Yamaguchi-Shinozaki et al. 2006).
Vs 4 e 9o o) g
2 CBF/DREB:= APY/ERF T182| HAQIR}EA] :qioﬂ ol ut
o] f=E ol5 FAAY Ihid FHASA = HIA Bt
ofuiet e, A4S vl AOR B RE T} (Thomashow
1999; Maruyama et al. 2004). of}7)%}tfjolj A 231% CBF/DREB &
Akelztolelef H], 8] Fof4] DREB ortholog FHAE 2|3}
I FAAA A A A YWAS SA AFITHE T2 B
7} QJt} (Jung et al. 2007; Oh et al. 2007). 0|3 ABH A A5H
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112 NAC domain TP&, zinc finger THE So] E3F AEH A
& S Al FARIAEA @A Qltt (Yamaguchi-Shinozaki et
al. 2006; Kim et al. 2006; Nakashima et al. 2007). BojlA -2 ]
of 2Jaf o] S| 0sCOIN §74H= RING finger T}l
A proline Trgs F7h AlA AL, AR, F3ll 5ol AF4dL A
A7l AL 98 Fom NAC-typed] HARIZL Tt BA1E
gl &ofA WHo| F=HH WANS S A7l A& Yehy
t} (Nakashima et al. 2007).

zinc finger THEL: zino o237} AT ofuliAte] vhete]
net o] 2Fe2 U m AARIZEA I8 sy
A 5 OE BAC 3R] g3l MEYoA Fadt HEE
H 5L 2T QA7 AEAOIA LR zinc finger 15
-2 RING-finger, ERF, WRKY, DOF, LIMS-0] &&A 9o =
¥ DNA-ZE BAIAZA JBE sy Bud-aaa 4E
g o fAATEE 2-E AR 1 7)%e] dA QL
t} (Wang et al. 2008). CCCH type zinc finger i AL Ayl §m
off o|2717HA] W2 2EFE AR glom FEoHE RNA =
2414 7 BT RNA-ZE SR 22u0 T obyale)
27] w deolA dA 4 s A2 2ol Tl Fhe= 5
3 7150l %ol &8 Aot AEA A YRR 1 7)o &
HA ATt (Addepalli et al. 2008; Ramos et al. 2004). ofj 7] 3Fthol| A
=170 PEI- o} So] CCCH zinc finger T2 24 wj-Ago)
8% A4S ke o2 dEiFlon (Liet al. 1998), w4 &
2 0sDOS= #of )8l THHARN jasmonate F 2| 2J3H
W oA Alade] Tt 99 w3kE A AAYE 9L §)
= Ao g At (Kong et al. 2006).

£ AtolA = oA A2A ] & ool F7RF Wdo| F
7}3k= CCCH zinc finger TP A& I 3l= 0sZF2-8- A (Lee et
al. =& 857 PUAEE FALAIAE Azetn BHAEH
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YAA8Y YRt 42 0ZF2 SHATF EUHGEAE
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DNA+ Genomic DNA Prep Kit for Plant (SolGent, Dagjeon, Korea)
£ ARgste] ARALe hyel whet &38kgich PCR WHEERHS
94°C oA} 5E7F el e Thg 94C olA] 187F ¥4, 55T oA
187 B9, 2T AA 127 A3k L 35 Aol wheshn
opzjgto & 12C oA 1087 A% AJFTh PCR ¥Hgol AME-H
forward Za}o|m= OsZF2 A=A} Eo] Zgloln (5-ACT CGC
CGC TGT CGC TCT CC-3'& AME3}aL reverse Zz}o]m= 3'-nos
terminator F-jol| A ZFAlete] (5'-ATTGCCAAATGTTTGAACGA-
3) ARg5lgck PCR AFE-S 0.9% agarose gelo| A 7| 9% dlH L
o BBrz Gustel MES Helsert

RNA 22| L Northern 24

FHARAZA A OsZF2 4% EE-E ERIsE7] 24ste] W AofAf
E%Y RNAE Trizol2 £2)3}9] Northern £41-2 AT 10 ug
RNAE 1.1% formamide/agarose gelofAl A719% & YUE WE
#j<l (Hybond N+, Amersham) .2 Zo] A7l thd OsZF2 -34A}
£ PP-dCTPR 4] A7 F 60°ColA] 1647 Bet FEShHE-S
Az FEH A A GHol At ZAZOm|R| 75t &
Ao FFAZ F WEF RISt

B Z2} 2582 MS Hj2|9} 100 mM NaClo] 7} MS
iz o] 242} A)4gsted 28°C, F AefollAf 157k uj gt § dotd
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3o microarray 4 tgitt 1L =9 RNAE E2l3l7] 91510
columng AME-8H= RNeasy isolation Midi kit (QIAGENE, Hilden,
Germany)E AMESIe] B Qo 2HE RNAS EIst4th total
RNA <= Bioanalyzer 2100 (Agilent, Palo Alto, USA)E o]-2-3}o] 288
IRNA/I8S rRNA ratioS £7%3}o] RNA QCE £33t £ microarray
EAof A&k LabellingS- Amino Allyl MessageAmp™ aRNA
Kit (Ambion Catalog #1752)2 AR&3lo] A RALS] HIH © 2 RNAS
/g T 10 um antisense amino allyl RNA (aRNA)E cye dye
coupling®l| AHE-8FGTE 2= cy3, A2 cy5 dyeS AR}
o] 2P E cRNA 20 umE &3} 950 AR-3I4TH (Eom et al.
2006). MAUT ZEESHA| ABlo) A 42°C, 16A]17F HR2- 3. Axond000B A
o]l A GenePix Pro v6.0 (Axon Instrument, Union City, USA)
2L o834 cy3, cy59] AEE 2454t Normalization T}
HAEAE GenespringS.1 Z2IHE AM-sto] BAseich
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oA E2)El 0sZF2 §AAH= CCCH & E)9) zinc-finger =0
Q12 27} §H4ak Qo] ovl4tiel E Rater Belsl PRI 97
Aot £ AEAE Hlrk (Lee et al. =8 2H]%F). 0sZF2 $A7}
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Figure 1. Identification of transgenic rice. (a) A linear map of
pCAM333 with OsZF2 gene and Hygromycin selectable marker
gene (Hg) used for plant transformation; P35S (CaMV35S promoter),
T35s (CaMV35S terminator), and nos (NOS terminator). (b) Agarose
gel electrophoresis of amplified fragments from OsZF2 gene specific
primer and Tnos primer. Arrow indicated the PCR product (650bp)
for OsZF2 gene integration into rice chromosome. Plasmid pCAMB333
was used as a positive control. (¢) Homozygous lines and plants
(left) were selected based on uniform and normal growth of all the
seedlings of a transgenic line in MS media supplemented with 50
mg/L of hygromycin
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Sjol1z ooldl A AR SRS Al LHHE
o] pCAM3330|2t W skl (Figure 1a). pCAM333 KA E of
qmspEelgo] QIR B LEHE olgslo] Ml AelAs &
7Yoo} FguieF shsicth A 2|2 cefotaxime} hygromycin
o] X7t iAol AAste] AEIHE sl en ARk AE
A= w3de AX ZANA e ek Aetete 28
NN OsZF2 541247 o GAA o AFJE & 2157 9fsto]
OsZF2 77kl A 32} £o) forward Zeto]m S AAFsL Nos
Eujdlo]y #Hol M reverse Zatolw S 2/gsto] PCR 245 4
Alste] Wol WA er EAsts frAtet HEEGc B FA
A2 QLo 2R E genomic DNAE &-2|ste] PCR HA L & A
Yol SEHolAE §4 tho] ZEHA epgout 34
FHA|of| A= positive control 2 AME-H pCAM333 3} o] T 650bp
z1719] 0sZF2 |37 @l 29 A2 FIEHSIT) (Figure 1b).
358:0s7F2 FAXBA N OsZF2 FHA7E 44 A wdd
B A& Felsk7] 915t total RNAE H2|sto] OsZF2 478
g o= dho] Northern 4L dHich thzFo A= Ldlo] 79
2] 9F9Fo L} CaMV 35S promoter?} §-8E| o] =AE 0sZF2 84
e FAHBYAA wlo] B He BT 4 it Figure
2). =8 FAAol it FEATA AT Adskr] ste] 409
o2 T2 FAtoll tiste] sto]aZmbeldl A3HIE HAT Azt
SEule] A9 Wl sjg o) A9 Mt ok FARBYL
A er Aeks e AT (Figure lo). AT A1 Fo
A A4 4039 FR BE ATAE Uehlel Ba oz A}
£ SRRTA AL A4S

OszF2 HETBAC UEY 2% 2 EHY =

35S:0sZF2 FHAZA oA 0sZF2 FAA; WE o) ZpatA e
i+ 183338 Algo A FFATA 2ele duste] AEHA A7
A& AAL7| S)ste] MS HiA2} 100 mM NaClS $H8-3F MS Hj
Aol dFEA7F FLAIZ] T 23A| Q) & 2k A4 olah w
2je] dol& A7 SHsto] Pt P8t (Figure 3). F4 2

W T1 T2 T4 T7 T8

OsZF?2

rRNA

Figure 2. Northern blot analysis of OsZF2 gene expression in trans-
genic rice. The ethidium bromide-stained RNA shows equal loading.
W: Wild-type plant; T1, T2, T4, T7, T8: Independent OsZF2 trans-
genic lines (LS333-1, L.S333-2, LS333-4, L.S333-7, LS333-8, respec-
tively)
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Figure 3. Measurement of salt stress response of 35S:0sZF2 transgenic rice. (a) One-week-old seedlings were grown on MS medium
supplemented with 0 or 100 mM NaCl. (b) Shoot length (meantSD) and total fresh weight of the transgenic plants (LS333-8-13,
[.5333-8-16) and wild-type (wt, NacDong-byeo) plants treated with 0 or 100 mM NaCl were measured to monitor the salt response.
Measurements were performed for using at least 20 germinated seedlings

Figure 4. Phenotype of 358:0sZF2 transgenic line. (a) Transgenic rice (LS333-8, right) was dwarfed in relation compared with the wild-type
plants (left). Photograph was taken 3 months after seeding, (b) Seed maturation of the transgenic plants (right) was delayed compared to

that of the wild-type plants (left) in the GMO field

ol A 358:0sZF2 FAMEA Y B&3t FaFo] thpel Y
BETH tha 24551900 100 mM NaClE 3838k viR|o A=
358: OsZF2 JAMSA 7} et FKo] tha: F5g RAog
Ueih 71U AdRoAE o= A WA 53E Bk of71 %
toll Al E2]¥ CCCH type?] zinc finger 3-HR}Q] A1SZFI T} AISZF2
o B9 G2Ed 20 o] WEe] fREET WA S Fa
g 9422 3oty BUSHGTh (Sun et al. 2007). BjolA] EaE
OsCOIN®] 739 A &of|A| W& o] F=E= RING finger HjZ2
A ERE AL, 4, xR0 AFAE Hole RAo2 BuEY (Lin
et al. 2007). zinc finger -3 AR = AEH AYAS 2714 7]= AAL
ARZ A FejA] glong OsZF2% A2 of3 Wdo] frEE

FHAREA AEFH A0 THFo QIS Aoz FAH:. GMO 2
ol olAls7] fJste] FAAE 89} 2] HEHE EHojA
45 7F BeAR e FHY Aol 355:0sZF2 A Ble}
21l e F EF 7hol Mo Aot glglth Z=u oY
T 8F37}1%] 358:0sZF2 FAAGA & 8o A Ax|o] a4t
& HojFo] B3 25k G Hrh 98 A= AdEE @S
UERH ATt (Figure 4). 2y &4 & $=7l0e Yaue v
& 24 fA5H AL AT BHste] FHAT| = HEH e} b
5jo] AQEE RS BRI, Kong 5 (2006)0] BT vlo]
A 2% 0sDOS+ 0sZF2¢} ZHo] 271e] CCCH )9 zine finger
T=rQlE TR Qe RRAEA T olAtolA o] gon
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Table 1 Partial list of the downstream regulated genes in the 358:0sZF2 transgenic rice

Group Gene_Symbol (LSSF;??)U%J 3) (Lsszzﬁ?s-m) Description
OsZF2 LOC 0s05945020 52 4.1 L.$333, CCCH transcription factor, putative

Biotic/abiotic  LOC_0s01g17040 21.9 19.7 Chaperone protein dnaJ 72, putative, expressed
LOC_0s01924710 6.5 55 Salt stress-induced protein, putative, expressed
LOC_0s07g03288 6.2 43 Pathogenesis-related protein PRB1-3 precursor
LOC_0s06922460 4.9 56 Disease resistance protein RPM1, putative
LOC_0s10g22930 45 43 Cf2/Cf5 disease resistance protein, putative

Protein kinase |OC_0s03g44050 17.6 6.1 OsWAK27 - OsWAK receptor-like protein kinase
LOC_0s12942040 6.1 4.4 OsWAK126 - OsWAK receptor-like protein kinase
LOC_0s03g16960 14.1 6.3 CRK®, putative, expressed
LOC_0s02906620 13.4 4.2 Brassinosteroid LRR receptor kinase precursor
LOC_0s06g30130 55 4.5 Serine/threonine-protein kinase receptor precursor

DNA binding  LOC_0s10926270 78 6.4 No apical meristem protein
LOC_0s06g30810 46 5.2 DNA binding protein, putative
LOC_0s10g14150 4.5 41 Ras-related protein Rab-2-B, putative

Metabolic  LOC_0s01g37000 14.6 5.9 Carboxyl-terminal peptidase, putative, expressed
enzymes LOC_0s04g01810 14.6 9.1 Aristoichene synthase, putative, expressed
LOC_0s10g11260 7.8 5.0 NEDD8-conjugating enzyme Ubc12-like, putative
LOC_Os06g11240 7.6 51 12-oxophytodienoate reductase 2, putative
LOC_0s10928450 59 6.3 CAF1 family ribonuclease containing protein
LOC_0s10926050 5.7 53 Methionyl-tRNA synthetase, putative, expressed
LOC_0s08g17560 4.8 54 O-methyltransferase ZRP4, putative, expressed
LOC_0s06921020 44 45 Jasmonate O-methyltransferase, putative
LOC_0s10g39330 41 4.3 Aspartic proteinase nepenthesin-1 precursor, putative
Others LOC_0s04945140 14.8 53 Lipopolysaccharide-modifying protein, putative
LOC_0s03g21450 10.8 5.1 Bromodomain containing protein, expressed
LOC_0s10g31500 9.2 11.4 Fibroin heavy chain precursor, putative, expressed
LOC_0Os06g15680 8.3 4.2 Cytochrome P450 71A8, putative
LOC 0s07g34720 6.7 51 Harpin-induced protein, putative, expressed
LOC_0s10928150 6.1 43 Zinc knuckle family protein
LOC_0s09g24220 6 4.4 DNA mismatch repair protein MSH6-1, putative
LOC_0s08938480 5.1 8.2 F-box domain containing protein, expressed
LOC_0s09g20500 43 54 Carbohydrate transporter/ sugar porter/ transporter
LOC_0s10g20390 42 54 Transparent testa 12 protein, putative, expressed
Q0] =3 AQA|E ABE sl Ao wEARD ol whENel A Bolt Ao HIKgc (Xu et al. 2007)
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83to] 559} 358:0sZF2 FHEHEH A total RNAS He)3}
3! Bioanalyzer 2100E ©]-8-5}¢] 28S rRNA/18S rRNA ratio7} 10]A}F
Q) TEES] RNAS ABato] 44 i R4S shch 358:
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o] Hom HAZR Aol F40] © $HAE 3542 1+
B e 657 87t V5ol oFF SR A e fAA, st
A 9 ERAEE JAAACE 357) AR ) gt Alls 24
S AR 7158 935 ASALT B protein kinase,
DNA binding protein 3} thAte] TeE &2 947 U AEY A
U FARRER] wde] ZUtE gk WEAT BelE fuztEA
Chaperone T2 Q1 dnal 72 42} o] A 2] 20u) o)At Z7}5}
FoH salt stress-induced protein®] YT 5u) o]AF 27} 3tk
ER AT BAY S84 W] AR B A0 1
Ebgton wall-associated kinase$l OsWAK27, OsWAK126 G-z}
dEo] suff o]} 7 Btglrt of7| Aol WAK §82 182
HEBY, 3 9 534 AL A4 28 482
She Aoz muEglon) Mol 125708 WAK S} A
ol 243t B 15| 9th(Zhang et al. 2005). wekA zinc-finger
S0l 0sZF2E AZY SEE0) €3 tE S HASe YR e

O3 AEHA WA ol Aol AL Woll= HalTh g
S5 A AL g AYE 5 9lowe) 229t} webd o
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EdLof Bhgsle AUREARA 7158 T Aod 22H)
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