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ABSTRACT

A vector for plant transformation which had two reporter genes(Gus and Hpt genes) in a single
plasmid was constructed. After rice embryos imbibed DNA solution, DNA uptake and gene expression
in rice were monitored. Main expression sites of the Gus gene were meristem of root and coleoptiles.
There was no difference in Hpt gene expression between a single Hpt vector and the constructed vector
in viability of rice in the hygromycin medium after DNA imbibition, The genomic DNA and total RNA
extracted from rice transformant survived in the hygromycin medium were subjected to PCR and RT
PCR analysis, respectively. As a result, we found the existence of the Hpt gene and its expression in

rice.
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B & ok &41& e o83t plasmid
DNAZE transferA|Fch. & W £31E AAAx
A7 ¥ embryoE #o] DNA £-a12 imbibition
A]#1 DNA uptake$} 2 &8 d7-8t¢ic}. o] W
el dele BEeA w8 A @A, FAt A
QRAz=Y Axhse] AziistA Hske Ao
] o]u) DNA4-<}-< imbibitionX]7]® imbibition
damagedl] 2Jated AEUZ FAo| £ 5 A
H1(4) o] AelE o 43t DNAE HE 2 F
A7le Aoz gejA itk o] HglE 0|87 AE
o JAAFHLE AL =Ao] Holgort oln]
B3 9wk Qglek(5-10). =& o]n] Azle] A
ATNNE EAFAAE o8t He Fale
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imbibitionA|7] A%}, f-Hzte] Wals} g W
A ¥-AA7} integration® A5-& B Yrh(=%
FiIF).

AES PJAAHAA 4 9t plasmid DNAE o
HY chimeric vectorZ & 712 %A F2AwHe-
zh=t). o] & /e EAFAAE Z= vectorF o]
£3lo] AEo PAARY HF e FF
g Ao i}, 1A ME e ZAFAAE 2
F 709 vectorg& o]438}e] AEAE cotransfor-
mation A7 5§98 ¥ el 07e) wag dobn
L uko] glor}, o] W& cotransformation2)
Ago] 20~30% utoll 753k e APAHE 7}
Az gok(11). gtd F 709 reporter gene-g- gt
o] £ & 7} plant vector® o|&& 5 Qlchd
cotransformation®. o= B AAS 712 4 9
Aolth. & ARl M WA AEE AR F F
A EAEAE ste] A P2 AJANE IS
4= 9l Ao|r}. 1d4] A-glucuronidase(Gus)
gene?} hygromycinel 4 &% = = hygromy-
cin phosphotransferase(Hpt) gene& o83} &
N AR & 709 plasmidel W&hs] Eoli 1
Atolo] §-48 fAAE ¥ 4 U=EF multiple
cloning site3 42 vectorE a7eta}adct.

o] 79 Hx& ¢9 #AAE Fao st
vectorZ o]43le] ¥e] Fxlo] DNAEE imbi-
bitonX]#] DNA uptake % = wt3& ol w2}
gt}
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Vector 7ubel] AH43l Gus gene vectors} Hpt
gene vector= 7|7} 5.7Kb, 6Kbe]i F vector
2% promoter® Cauliflower mosaic virus®] 35S
rRNA 77} terminator® nopaline synthase gene
& 7 ek

DNA =A+¢ E3}e] Gus gened wuje] Hpt
vector®] Hind O sited] cloning 3%t} (Fig. 1).
HAAZ ] A48 E. coli= NM5220)3 %3}
plasmid & A3}t 283 25 DNAZA/ &L
Z 2 Maniatisg (12) 9 wb& wsic}.

ol HAUME W WY
w (Oryza sativa L. cv. Nagdong)9] 2AE ¥7]
¥ Clorax$-% ol43led F25 Fddsalct.
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Fig. 1. Schematic diagrams for construction of
recombinant plasmid. E; EcoR I, H;
Hind I, X ; Xba I, B;BamH I, 35S;
Cauliflower mosaic virus promoter,
GUS ; Bglucuronidase gene, HPT ; hy-
gromycin phosphotransferase gene, N-
OS ; nopaline synthase polyadenylation
region, Amp’; ampicillin resistant gene,
mcs , multiple cloning site.

13497 AZXAIZ F 2 FARYE s 50~
1007} ¢] embryosel}] 15mM NaCl, 1.5mM Na-
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cirate, 20% DMSO-£-93} 200ug/mle] DNAE 4]
o] 4Co|A 1247} imbibitionA]Zc}(8). DNAS
18- imbibitionA]%] embryoS 15mM NaCl, 1.
5mM Na-citrate £do% 3¥H Ho] AZX F,
hygromycin B7} &oJ7F MSO#j =] (13) ol 433}
o} efeF 192 Yol gl 28T, HAtelelA 714
204 F-E= FZ el A ufekslc).

Hpt gened} Gus genel| U

A duAdYPE 3l dizfer yadzks
7& AW 5 Q& hygromycin B9 558 2%
stdck. 1 AT 70pg/mle S22 AR
embryoE- hygromycin®j#] el 5UzF A|FA|A
Ao} wholgl 718 AHsla tfA] MSOu| | $A
AAZ 270197 7)1 F genomic DNASF RNA 9]
N8R o83} 15 Jl 718 W 5 o
2 AFste]  0.05%  X-glue, 100xg/ml
ampicilling-A e 4] 37CelA 24X ub-gA ATt
(4). vhgo] Tk & 70% oler-godd Y1 o
chlorophyll& A} 75lgct. Gus geneo] W% &
FEradn| A& o|83le] &alstsin).

Genomic DNA2} cDNAS] FH|

Hygromycin wjz|ol| A3 wE 27014 7}
71%¢ % DNA¢ RNAZ 3289}, genomic
DNA+E PaszkowskiS(15)2] vS& o]83le] &
23t total RNA¥X RNAzol™ B(Biotex
Laboratories)-§-98-2- o]-83}e] Heglglgerl. cDNA
£ uk57] $3led 1xPCR buffer, ImM dNTP,
lunit/gl RAasin, random hexamer 100 pmole, 14
g total RNA, 100 units MuLV RT(BRL)E& o]&
dto] AL ¥R Al &, ALolA 1087
T F 42°ColA 127} vbgA 7)o 95T ellA] 5~10
T G& 7R F e Yz o) vhsAS dske
S o83t HAHAAL 504 Bl %9 F 2%
6ulE reverse transcription PCR(RT PCR)9
templates 2 o]4-3}¢c}.

Polymerase chain reaction(PCR)

PCR& primer 2¢M, 200uM dNTP, 1 unit Tagq
DNA polymerase, PCR buffer, DNA templates&
o]83le 100ul reactiono & )4t ARL-3H
primers®] XAJ&, sense primerZ 5-AA-
AAAGCC-TGAACTCACCGCGACG-3, antisen-
se primer® 5-TTCCTTTGCCCTCGGACGAG-
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TGCT-3'9] oligomers(16)& A28k}, ann-
ealing €%+ 55Ce|4 70%, denaturationz}
extension 94°C, 72°CdA 80z, 7027} &4
25 cycles& #slgc). Productse) BAML 1.2%
agarose gelo| 4] o]Foj#t}. RT PCR& 29} 2
2 2Ho R 33 cDNAE AFE 33 cyclesg &
3kqch.

Southern blot analysis

A z% plasmid®} PCR productsE Hybond-N
o transfergdt #,(a-¥P)ATPE o]43}e] ran-
dom primging labelling& %¥38}o] ¢3¢ 1Kb, Hpt
gene¥} 2.6Kb, Gus gene probesZ hybridiza-
tionA}ZAc}(12).

Az 9 v

XH=8 vectore| M=

DNA =z &3t oF 10KbY vectord <lg]
t}. Agasg o)gsle =3 1Kb Hpt genedt
2.6Kb Gus gened probes® Southern blot
analysisste] |Z3 vector?] Wk} 9135 ¢)&
stodrh(Fig. 24, 2B, 2C).

A 1234 B
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Fig. 2. Restriction enzyme pattern of pYJH and
southern blot analysis. A. Restriction
enzyme pattern. lane 1 ;A Hind I size
marker, lane 2, pYJH digested with
BamH I, lane 3; pYJH digested with
EcoR I, lane 4, pYJH digested with
Hind I, B. C. Southern blot analysis of
pYJH, using 1 Kb Hpt DNA of gene(B)
and 2.6 Kb GUS gene(C) as probes. lane
1 ; positive control. lane 2, pYJH
digested with BamH I, lane 3; pYJH
digested with EcoR I, lane 4; pYJH
digested with Hind I,
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Gus gened} Hpt gene2| &34

olg $4}19] embryoe] DNA £d4& F+A17 &
5~77} 7]9 Gus expressiond <o}y A3}, uj
Hhol| 4] AHbd o 2 whaE|glon ¢ FollME 53
AdzoNAM e = (Fig. 3A). Fawrdd
e AZEdo] A7 £l Fale AFAHH
t}(Fig. 3B).

Hpt gene?] W& An}, hygromycin B, 70ug/ml
9 ¥EE 7|FoR g2Fe ALY & i (Fig.
4). 6Kbe] Hpt vectore} vlasle] a3} vector
o} uhgle zjo7} gigith(Table 1). $19) A2 &
B, =277} 4Kb o AR AZF vectorE @u|eto}
3 el 9o} o] vectord} zel7t §iH-E o
= alslch

PCRIZ} RT PCREMZ £85I 29| genomic DNA
2} RNA2| &M

PCRe 7}% & AL ¥5F copye S4L
TS SEAA FAXZ F de AR, AH
2 o] genomic Southern analysis 9] W34 s 4%

Table 1. Frequency of Hpt gene expression of vec
-tors in rice. Frequency of expression
was calculated as the number of
embryos expressing viability in hygrom-
ycin medium among the total.

1 2 ‘ 3 ‘ 4 5 |mean
VECtors ! ‘

PCMV3SSHpIN | 23% | 23% | 54% | 25% | 46% | 34%
pYJH 13% | 23% | 67% | 29% | 21% | 31%

Fig. 3. Hisochemical analysis of Gus assay in
rice seedlings, Arrows indicate the
position of Gus gene expression. C;
coleptile, R ;root, M meristem, S,
scutellum.
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4 Slth= AHo|th. DNA imbibitong F3le] ol
32 A= mosaico] 2.2 Southern blot analysis
£ &7)dle copy 7t ¥-53 Al UdH(=E
F1%). Genomic DNAE o]&3led PCR¥ 1
products®] Southern¥4-& & Z3} imbibitong
3t DNA uptakez} defd55 & 4 sz
(Fig. 5) =3}, Hpt gene?] 2% mRNAE ozx}
HF-2-9- £33l ¢cDNAZ up & RT PCRE 3fy
2 43e 398 7 2ok (Fig. 6). 5 RT PCRA
3} A4ke] PCR3} £% 7]9] 1Kb Hpt DNAE
galslde}. Ag7Ae] AaE S3s| £ of DNA
-£-19] imbibitiong E3lo] AEHE 4243 AZF
A2 DNA uptaker} dold-& <& 4= 9lslx, 27)
47 719 W9 so2XE 5 DNA¢ RNAE o]
43te] PCREAE slglonz ZA Az Wi
oJ2)# 4] transient expression®] o} genomic

'DNA 29| integration®] 239l 238 4 g}

Fig. 4. Rice seedling were grown 3 days in
hygromycin medium(A, B) and trans-
formed rice in pot(C). A ; embryos im-
bibed pYJH DNA, B ; control emoryos.
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Fig. 5. Analysis of PCR produts and Southern
blot analysis in rice. lane 1, positive
control, amplified PCR products of Hpt
gene, lane 2 ; A Hind Il size marker, lane
3; PCR products of control rice, lane 4 ;
PCR products of transformed rice. Arrows
indicate 1kb, Hpt DNA.

1 2 345 6

Fig 6. Analysis of RT PCR products. lane 1;
total RNA of rice. lane 2 ; cDNA made
from reverse transcription reaction of total
RNA, lane 3 ; A Hind [l size marker, lane
4 ; positive control, amplified PCR pro-
ducts of Hpt gene, lane 5;RT PCR
products of transformed rice, lane 6 ; RT
PCR products of control rice. Arrow
indicates 1Kb, Hpt DNA.
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resistant gene(Hpt)S #3 vectorZ 7\¥3l%ct.
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