MENHISSIR] H35H HM4E
J Plant Biotechnol
Vol. 35, No. 4, 307-316 (2008)

Bl Ac/Ds A9 QMO Mt

YA, waol, oS!, BRI KA, 0134, W, MMY' HHA’ 0|ZA’
SEATH TUEURNY SAPIAUR, 5ENTH FUEUTRY SARAA

Selection of (Ac/Ds) insertion mutant lines by abiotic stress and
analysis of gene expression pattern of rice (Oryza sativar L.)

Yu-Jin Jung', Seul-Ah Park', Byung-Ohg Ahn', Doh-Won Yun', Hyeon-So Ji', Gang-Sup Lee',
Young-Whan Park’, Seok-Cheol Suh', Hyung-Jin Baek?, and Myung-Chul Lee’
'Department of Agricultural Bio-resources, National Academy of Agricultural Science, RDA, Suwon Gyeonggi-do 441-707, Korea
*National Agrobiodiversity Center, National Academy of Agricultural Science, RDA, Suwon Gyeonggi-do 441-707, Korea

ABSTRACT Transposon-mediated insertional mutagenesis is one of powerful strategy for assessing functions
of genes in higher plants. In this report, we have selected highly susceptible and tolerance plant by screening
about high salt (3% NaCl) and cold stresses (4°C) from F2 seeds of 30,000 A¢/Ds insertional mutagenesis
lines in rice (Oryza sativa L. cv. Dongjin). In order to identify the gene tagging, insertion of Ds element was
analyzed by Southern blot and these results revealed that 19 lines were matched genotype of selected lines
with phenotype from the first selected 212 lines, and 13 lines have one copy of Ds elements. The Franking
Sequence Tags (FSTs) of selected mutant lines showed high similarities with the following known function
genes: signal transduction and regulation of gene expression (transpoter, protease family protein and apical
meristem family protein), osmotic stress response (heat shock protein, O-methyltransferase, glyceraldehyde
-3-phosphate dehydrogenase and drought stress induce protein), vesicle trafficking (SYP 5 family protein) and
senescence associated protein. The expression pattern of 19 genes were analyzed using RT-PCR under the
abiotic stresses of 9 class; 250 mM NaCl, osmotic, drought, 3% HO,, 100 uM ABA, 100 uM IAA, 0.1 ppm
2,4-D, 4C cold and 38T high temperature. Isolated knock-out genes showed the positive response about
250 mM NaCl, drought, H202, PEG, IAA, 2,4-D, ABA treatment and low (4C) and high temperature (38°C).
The results from this study indicate that function of selected knock-out genes could be useful in improving
of tolerance to abiotic stresses as an important transcriptional activators in rice.
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dF 52 o| &35} QT (Frankel et al. 1985, Takayama et al.
1990, Hayashi et al. 1992, Wilkins et al. 1996). o] ol A A
ojQlz} 4l ®lold| &4& A% WL transfer-DNA
(T-DNA)&} Activator/Dissociation (Ac/Ds) system< ©0]-23t
v o] 74AF o] AR Qi) (Gierl and Saedler 1992).
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Aslo] FHFPA vlolE Hol= Aol tef fHAre] F3F
S HtE 248 = Qe ARE 2 glou, ga%e 1y
A AA AolelAze] e g s EdA™olt F71H
o} AFgAoliA el ost FHF ] AUAAE chA] g
Haol 3= ©hdo] Qlch (Chin et al. 1999; Jeong et al.
2002; Zhao et al. 2006; Park et al. 2007). o] AL &
T-DNA 2 Ac/Ds A+ S90] AdS o= S48 o)
BOlA| 25 thokdh RA7L9) 750l w3t A7t 3
390, AlEAE HolRlAt AU o183 715+
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BESA 9 BlAESHY Ao o3t W RHARY Al
A 755+ Goll tisked oekA ol8-=aL At (Chin
et al. 1999; Han et al. 2002; Jeong et al. 2002; Kim et al.
2004; Park et al. 2006; Koh et al. 2007; Park et al. 2007; Park
et al. 2008).
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B} PARS AEQFO] B3 (Munns et al. 1986, Niu et al.
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Ac/Ds AFY HolAE F T AT 30,000 Al52 63/41E
O wEste] g 9 AA 2o Qs thxEFU S
oF vlasto] A D AgHdol diaf thE 2329
A Stk WA 1Y Ale FAE S7 Ao EolA]
71 3, 2404 B¢ 34 G7I7HA) Ak KRl 3% HY
o2 2147t FYaigich B3 ARAEH A 20079 1€
71&, 274 -5T ofat 23 0T ~ 7C o)A 79 Ft HA[3
5 28C oAl 37 FEAA Azoji] ea) Aeslsich
o3} 23eldold dojl Ao chHAE ALAHE 9
stof 221 9 32; AHAE AFAUAM 202/ ATl )
T o2 saatglon, 2242 9 4THG A
AA] sk
|

[

b

MEH H0IH2l Ds MRAKF H copy

290 Y AL Sfoll ) A AoDs A1) ABOZRE Ds 4
Qlojr Wl B} S0 23] genomic DNA+= ‘CTAB-method’ &
o] &3}o] Z&3}o] (Zheng et al. 1995; Collard et al. 2007)



=
o=
iTh}
QE
A
|>

PCR £4 2 Southern blotZ AAJ8}5AT) Ds 4iolf 24l
& 913} PCR primers+= AC1543a 5-TTCTTGGTGAAATGC
TGCCATAC-3', AC1031 5-ATAAGATTGGCCAAGTTGATGTC-3'
2 X851 2 (Park et al. 2006), PCRZ 93 L2272 9
5Co)A 3587 WA 2 94C 30%, 51C 30% 2T 182
30 cycles, upAlEre.g 2Co|A 7892 4=33}%ir}. PCR
A2 1.5% agarose geloll A FFANES BR15ISITE Southern
242 HojHgt A4 Al ARE-H GUS (B-glucuronidase) probe
2 N85k 20 mg DNAE probetfjol] AIgHEA Alo]EZ} ¢l
L FcoR102 H2lata, 37C oA 4A17F 5t M2 & &
A5}t (Park et al. 2006).
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stol QA7) 9179k knock-out §E BAJsI00)
(http://www.ncbi.nlm.nih.gov/) o A FH2e] 4
ot AEE 7)128 Bag fAzke; vl BAs
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T, ol Aol Fk] UE & RT-PCR £49]
o5 ZARHATE AEY AL F5+= 100 uM Indole-3-acetic
acid (JAA), 100 uM ABA, drought, osmotic (15% polyethylene
glycol (PEG) 6000, 15% PEG6000 + 250 mM NaCl), 3%
H,0,, 250 mM NaCl, 0.1 mg/L 24-Dichlorophenoxyacetic
acid (2,4-D), 47C cold @ 38C 1202 3gc} Hejupe
22} drol B 1494E SHS 0|83k Yosida 9FH (Yosida
et al. 1976)o4] 25°C, AHE T 70~75% 24 2] AAFAtoj 4]
Aelstel AZER A2 249 3t welE A
Total RNA 323 RT-PCREA2- casy-spin plant RNA
extraction kit¥} one-step RT-PCR kit (iNtRON Biotechnology,
Koreayg 2+2+ ARE-SHo] o]o} 37 AlgE Aol wet

Sgstich A4 FA4 SoldeE FEY 4 s

Table 1 List of some tagged genes and their description in Ds insertional lines

Locus No. Chromosome no. Gene Description

LOC_0s01g04380 1 16.9 kDa class | heat shock protein, putative, expressed

LOC_0s04g32200 4 hypothetical protein

LOC_0s03g20880 2 Pyruvate kinase, cytosolic isozyme

L.OC_0s08g38400 8 Oligopeptide transporter 5, putative, expressed

LOC_0s03g03720 3 Glyceraldehyde-3-phosphate dehydrogenase B, chloroplast precursor, putative, expressed
LOC_0s09g38000 9 no apical meristem family protein

LOC_0s03g47870 3 retrotransposon protein, putative, unclassified

LOC_0s03921230 3 protein kinase, putative, expres

LOC_0s03g22400 3 Ulp1 protease family, C-terminal catalytic domain containing protein, expressed
LOC_0s09g09570 9 expressed protein

LOC_0s03925650 3 F-box domain containing protein

LOC_0s03921260 3 2,3-bisphosphoglycerate-independent phosphoglycerate mutase, putative
LOC_0s08g04590 8 csAtPRS, putative

LOC_0s03g57900 3 Intergenic region, AN1-like Zinc finger family protein, promoter part of expressed
LOC_0s09939190 9 Copine family protein, expressed

LOC_0s12g10170 12 caffeic acid 3-O-methyltransferase, putative, expressed

LOC_0s03g62410 3 Phospholipase D gamma 3, putative, expressed

LOC_0s03g02939 3 cationic peroxidase 2 precursor, putative, expressed

LOC_0s10g03440 10 U-box domain containing protein 3'
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Table 2 Primers used analysis of gene expression

Primer name Forward primer (5'-3) Reverse primer (5-3) Size (bp)
Oshsp66314 AACGTGTTCGACCCCTTCT ATCTCAATGGCCTTCACCTC 422
Oshpp66335 CACTCCAAGGAATTCATCGAC CAATTGTAAAACACGCCAAAA 356
OsPKci67553 TTCCTGGGGTTATTGTGGAT CAAATATTCGCCATGGTCTG 517
OsOPT67965 ACCGAAGAGGAGGTAGACGA GCCACCACATGTAAGGTGAG 514
OsGAPA68806 CTGATCAAGGTCGTCTCCAA GTGTTGATCACCAGGTCCAC 536
OsNAM69751 AGAAATCGTTCTTGCCGAGT ATCCAGGAGTCGTCCTTGTC 526
OsRetp70346 GGGCTGCGGTATAAAATCAT CAATGAAACCATTTGCCAAG 513
OsPK71472 GTTATGCAGCTTGAGGACGA ACGCTGATGAGCACAGAAAG 525
OsUIp73434 TAAACCTAGGCACGACGATG CTCTTGCCTCTCTCTCCTTCA 548
OsEP73528 GCACAGAGACCTCCTTCTCC TTTCTGCTGAAGAACCGAAC 503
OsFbox73945 ACTTGGCAGGCATCTAAGGT CAAGCTGACGGATTGAGATG 526
OsiPGM62183 GTGATGTGTTGGACGGTAGC ATTCGCCAGACGTTCTCTCT 525
OscsAtPR62487 CTAGCTGTGCCGCTCTTATG CAGTACCGAGTTGGCAGAAA 513
OsZnfp62621 CGTCGATGAAGCGGAAGT CTTGGCGATCTGCTCCTT 461
Oscop62845 CTGCAGGTTGTTGAGCCTAA TCAGCATCGATCATCCATTT 522
OsOMT63052 GGAGACATGCGTGGAACATA CTGCTTATTGAACTCAAGAGCATAG 373
OsPLD63772 AGCAGCAGGTAGTGGGAACT TGGGAACCCCTTTACAGAAC 506
0sCPOB4646 TACGGGTACAACTCCAGCAC CATTGAATTTTTGCCGTTTG 469
OsUbx72190 ATCATCGAGGTGTTGGTGAA TGCAGTGAGCTCCTCCTCTA 541

A 3% Salt treatment

‘v

B Cold treatment

Susceptible/Resistance TR29/ Pokari/ Ds 72/ Dongjin Susceptible / Resistance Resistance / Susceptible
S R TG WT

Figure 1. Appearance of Ac/Ds transgenic plants and wildtype plants after abiotic stresses in rice. A, Growth performance of
transgenic in soil containing 3% NaCl for 21 days (a,b). Selection of salttolerant transgenic rice (c,d). Representative plants
recovered for 3 days after salt stress (3% NaCl for 21 days) are shown (e). B, Cold stress response in winter conditions outdoors
for 7days (a,b). Selection of cold-tolerant transgenic rice (c,d and €). Representative plants recovered for 2 days after cold stress
(4C cold for 21 days) are shown (d).
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b). WA, 3% NaCl =04 2147+ Alste] A5 2 YA 2 19A1F9] Ac/Ds Al WolHE Ds Ao|R}7} homo3t
o] HSFF-F7} cf 2] Hsl = *a‘,% 2ol ART AW ®HAEAE Q7] Aste] & A A Az, At A
sttt wdEe AEde F 13474] 12 Adrsiact TolAl A HE Ds AYelF 3 copy & E43HT
(Fig. 1A). 429 7 S2Iwio] vl Xi% of IZksHA ¥hg- Total DNAS &3 7, AcoDs BojH o2 %3;‘* g
3 ABASH AISA] G Qo) MAEA ke ABAE F  primersE 083l A PCR A& T 5
T8AEZ 12 Adstglct (Fig. 1B). A AAEE 500 bp ool A HEEE Ds WER Ds A J
24 9 AojolA] AZEdate] AofA 14 A AFS  FFE L AU 400 bp A7]NA HEHE A ARk
gaez AR 2084 LR Urol 7oA 23k ulmste] & uf AiAE 3 5 4cg) Ds7h ME EHA S
AR W32 AAE 2ol 1 ¢ A2 #HH 2 745Al Ho) 2 $AEH= oFARS ol 4 Q181 (Fig. 2). E3F reporter

rot
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HE 47 1A%, $A45E HFHoR AUt AL GUS 47+ probe AH-5Ho Southern £41-5
Aty os NEAZ 1Y B AL =EHW AP U £33 AT, Ds Ho| AR} single copyR =H AF

o) Anke AsAde 9 Aol o8 A TR 2 6 AFoldem, 2 copy oo R AFH A= B A

9at, 1 ~EF 2o o E F9lelH Pol7lFer B 2olqrt.

ol Aol Uehdths Halok YA (Hoshida et al. 2 AgefA] o5 §HAE PFOR FSTs 245 o3
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2000; Gaxiola et al. 2001; Luo et al. 2006; Kim et al. 2007).  3}o ps AbQ] HE0] 8A-z}e] 7|58 Aty B Zil= Table
2 AFA Pojal Al A Al 1Az ol HetAl 13} 2o} 97| H Y ARE o) gl ¥ HA d714E AR
el SRS FoliL AR AT Alde] AUAPE A o gy wapy An Az AEHY YT 20
TREA AAE] ZEE WAE AT A2 AE Toldle L&Az} 122l transpoter, protease family protein
gzl AEA7E4C Oﬂj‘i E]Z—} 1-7'«] T BCAM BE and apical meristem family protein (Lee et al. 2000; Chen et al.
02 3B5HA| L MAE AR AUSHCE (Watada  2006; Wong et al. 2008), AEQIR o] TodsRe A 182
et al. 1966; Wright et al. 1973; Bagnall et al. 1978; Couey  pegt shock protein (Oshsp), O-methyltransferase, glyceraldehyde-
1982). A4 AN = DG AL FRHE s oF 3-phosphate dehydrogenase (OsGAPA) and drought stress induce
FABZE AIZIL QAo] g0 2 dhEA LAY Zef ¥ protein (Vernon and Bohnert 1992; Tsunezuka et al. 2005,), L
3 AIEA @aL, 99 AR QIAEE HAR ¢ AT yp yme] AwgEe) Tolsl= QA SYP 5 family
(Fig. 1 c-e) protein ©.& JLEG o= 9JQIr} (Anton et al. 2001; Robatzek
2007), (Fig. 3 and Table 1). W2tA 0|5 FARE0] Dsof €
8 gAAe] 7)50] A Eo] o W Ao IASHE B
TEelA AeE 11 AR L AL ALE AT 5 A AR AZEA,

A Oshsp66314 OsOPT67965 (SGAPAGBSGG OsIRDsp71472 OsUp73434
MW1 23 MWI12345 MWI12345 MWI1 23456789 MWI123

500bp |
é -
B OsiPGM-62183 OsZafp-62621 0sCop62845

MWI1 2345678910 MW123 45678910 MW1 2345678910

500bp—»

Figure 2. PCR and Southern blot analysis of Ds transposition in 4c/Ds insertional lines. A, Analysis of transgenic under 3% salt
treatment. B, Analysis of transgenic under 4C cold treatment. Genomic DNA (5 ug) was digested with EcoRl, fractionated on
1.2% agarose gel, and hybridized with GUS gene sequence as probe.



2 + Journal of Plant Biotechnology

Dy Ds
v
e — ]
LOC_0Os01g04380

Y RN
LOC_Os04g32200

. Y |
LOC_0Os03g20880

¥

Dz Ds D3
-4 7
'’ 31 Bl W 1] ENREI R W -
L.OC_Os08g38400 L.OC _Os03p03720 LOC_0s09g38000
D3 Dy Dsx
- v v - ¥
1 1§ T N ] R R L] TEE M (ST |
LOC_0s03g47870 LOC_0s03g21230 LOC_0s03g22400
Ds Ds Ds
. v . = . - v
—— - — | F B | n IE Waming
LOC_Os09g09570 LOC Os03p25650 LOC_O5s03g21260
Ds Ds Dx
b . . - - . A
- . u _— ] 11 HEE 1 I —
LOC_0Os08g04590 LOC_Os03p57900 LOC _0s09g39190
Ds D3 D
hid - 4 L g . .
I — B OEET OKINE ) e — ¥ B ]

LOC_Os12g10170

Ds
T T
LOC_Os10g03440

LOC_0s03g62410

LOC Os03g02939

Figure 3. The genomic structures of selected knock-out gene and Ds donor sites. The gene structure was confirmed at Gramene
DB (http://www.gramene.org) and the arrow is transcription direction The gene locus consists of transcription unit with exons and

introns, respectively.
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methyltransferase (0sOMT) AR 74 9 ZAof| A A7
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Figure 4. Expression pattern of various genes in rice leaves under
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RT-PCR of celd-stress Root fissuc

3% NaCl and 4°C cold stress respectively. Total RNA was

isolated at 0, 6, 18, 24, 48 h (salt) and 0, 8, 24, 48 h (cold) after exposure to stresses. All PCR cycles in RT-PCR assay are
30. The actin gene Os/0g36630 was used to control for the loading amount of RNA templates used in RT-PCR assay.

843
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IAA  ADBA Drought Qumokic
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Figure 5. Expression pattern of various genes in rice leaves under abiotic stress of 9 class (salt, osmotic, drought, 3% HO,, 100
uM ABA, 100 uM [AA, 0.1 ppm 2,4-D, 4°C cold, 38°C hightemperature), respectively. Total RNA was isolated at 2 h after

exposure to stresses.

o}, o]t A/Zo| 2HTA AEYAR 5| ABATF QL0
o|F8to 1 F=7} £718lch (Zeevaart et al. 1988; Smirnoff

1996; Shin et al. 2006). 7(1—'—340] opbd 2A17F

TAR] faf AojEo] S A Fol Yol (Patel et al

A Az)o] A

1993)= Haet Az 9 19 59 AEf A0 ABATH o] BHA AEH AL AEo] HLAEHA HOLS ff yelE
3} (Munns et al. 1988; Trejo et al. 1991; Munns et al. 1993;  HAIT} SA}slchy wghsto] 1.2 AEF A &7 A 26t

Griffiths et al. 1996)= H 119} A5kt E3F H0,E A
gjatot A& *H‘ZW 2EHLE 908 o A g
A9 55, 949 55, A2 =4, apoplosis AEI H|ZEH
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o] ZEUTE SAMo] STkl €
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A} 5 OsHSP, OsOPT, OsGAPA, OsIRDsp,
OsUlp= %,‘ AEG 2o Tojdl= SAAo|1L, O0siPGM,
OsZnfpi= AZLEd 20| Bolshe GARE 24 Hojzl
o sHEoE, HEeAEdA ZANA AT G
OsCop= T2 HIAYESH AEFA A A] YT} 452t
AEFA A WEHE A 07 Hol osmotic stressol] +_]'013 =
FAAAL e, 6 g2 7ledvt 2ad Ao
AZE o]5 AT RE vYESH AEF A S ‘%’l
A Boldte RS9 W He choFdt Haks B
o} Dsoil &Jsf knock-out HolH 9] & Y A FhrAdS o]3)
Skt B ofggo] Qirk ok 2 oA sE A
A7} Aol F3AH Al thefet HAESHE AEH Ao
di-gsto] E o] Hshrt Yehto g ol s
I A FAATA ] AL B3l 2o FEd EA4
mjoto| o]0 Aok & A o 2 WekET) (Patterson et al. 1987,
Munns et al. 1988; Smimoff 1993; Griffiths et al. 1996; Bray
2004; Yun 2005,).
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AEo| A HollaE o84 ARl HolA 9] 334 715
w4 A7t 22 7P gt o] FofA 2 Qi B AT
ANA= S Ae/Ds A HolAI9) F2 ATh 30,000 A5
& o]&sto ""”J"Jr 11301] At AFd Widel U= A
e WF &3 3 Agsinh A WA A5y
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UAE °d copy & Folsty BEFPH v|wsto] n@ut
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& o]gsto} W AMA F7IME R} g e
B Aze) NEHT B3 27 Holshe §4 159
transpoter, protease family protein and apical meristem family
ARgdo] Hofshs R4 IF<) heat shock
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