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Construction of Targeting Vectors to Disrupt 
PAT1 Gene in Arabidopsis Trpl-lO0 
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To develop the gene targeting system by homologous recombination in Arabidopsis thaliana, 
we constructed two targeting vectors and showed the reliability of  the scheme which is based 
on genetic complementation of phosphoribosylanthranilate transferase (PAT1) gene. The PATI 
gene, which is essential for tryptophan biosynthesis, was selected as a target gene because the 
loss of  function leads to fluorescence phenotype due to the accumulation of anthranilic acid 
derivatives, pHSI13 contains PATI gene surrounding 5' and 3' flanking portions, but the 
most coding region of the PATI gene is replaced by the neomycin phosphotransferase gene 
(NPTII). pHSII7 consists of  1.1 kb internal fragment of genomic PAT1 gene following with 
NPTII gene. In this targeting strategy, Arabidopsis PATI gene can be disrupted by single-step 
of transformation experiment. 
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Gene targeting via homologous recombination has 
been widely used recently. While it has become a 
standard method for the site directed mutagenesis of 
animal genome (Bollag et aL, 1989; Zimmer, 1992), 
homologous recombination in plant cells has been re- 
ported by only a few groups (Baur et al., 1990; Engels 
and Meyer, 1992). In most cases, integrated mutant 
form of extrachromosomal DNA was targeted and re- 
combinated in the plant cells so that the functional 
marker gene was restored (Offringa et al., 1990; Pet- 
erhans et al., 1990). These systems are not easily ap- 
plicable to nonselectable traits. Therefore, an appro- 
priate method needs to be designed to discriminate 
against nonhomologous recombination because of the 
low frequency of homologous recombination events 
in plants. 

Homologous recombination of exogenous DNA per- 
mits integrative gene disruption and the replacement 
of genomic segments that have been altered in vitro 
(Shortle et al., 1982). The gene we chose for the study 
of gene disruption is phosphoribosylanthranilate trans- 
ferase (PAT1) gene (Rose et al., 1992). PAT performs 
the second step in the biosynthesis of tryptophan in 
plants. An A. thaliana gene encoding PAT is a sin- 
gle copy gene defective in tryptophan mutant plants 
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(trpl-lO0) (Last and Fink, 1988). Defect in the PATI 
gene leads to the accumulation of anthranilate, a flu- 
orescent intermediate in the tryptophan pathway. There- 
fl~re, homologous recessive patl mutants are easily 
distinguishable with blue fluorescence under UV light. 
tleterozygous mutant plant (PATl/patl) showing wild 
phenotype by genetic complementation can be used 
t~ disrupt a endogenous PAT1 gene. In that case, dis- 
rupted PAT1 gene could serve as a marker to screen 
regenerated homozygous mutants (patl/patl) show- 
ing blue fluorescence. Also, patl would be proved 
as a useful gene that can be selected against 5-meth- 
ylanthranilate (5-MA) (Last and Fink, 1988). Since the 
defect in the PAT1 gene provides the mutant cells 
with resistance to the 5-MA, only homozygous mu- 
tants will survive in the medium containing 5-MA 
~,fter the transformation. In the scheme, transformed 
cells will primarily selected against 5-MA and kana- 
mycin and then homologous mutant plants will be 
screened under UV light. 

We are planning to establish a gene targeting system 
in A. thaliana using a phenotypic marker. To facili- 
tate the detection of the homologous recombination 
event, we will target the Arabidopsis PAT1 gene, 
which is essential for tryptophan biosynthesis in the 
plant. Here, we propose the basic strategy for gene 
targeting to disrupt the PAT1 gene in Arabidopsis. 
We constructed two vectors (replacement and trunca- 
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tion vectors) fi)r the targeting of PATI gene by homo- 
logous recombination. Before delivering rccombinant 
DNA into plant cells, we showed the reliability cff 
the scheme by displaying the usefulncss cff patl gene 
as a screcnable marker. So, we introduccd PATI gent 
into ArahMopsis ttpl-100 to alternate the fluorescenc- 
ed phcnotype by the genetic complementation. 

M A T E R I A L S  A N D  M E T H O D S  

Plant Lines and Culture Conditions 

Tryptophan mutant (upl-10()) used in this study 
was derived from the A. thaliana Columbia. A wild 
type (C24) was used as a control. Seeds were surface 
sterilized bv dipping in 70% ethanol followcd by in- 
cubation in a solution of 30% bleach for 30 min. 
The seeds were then rinsed several times with sterile 
water. Germination toc~k place in a culture chamber 
(lfJ h, photoperiod 3000 lux, 17"(.', 6[1% relative hu- 
midity). 

DNA Manipulations 

A genomic chine (AR1-5) that was obtained from 
an A. thaliana library (Clonetech) in EMBL3 was 
provided by Alan Rose (Cornell University). A 7.8 
kb Kpnl fragment that cross-hybridized to thc PATI 
cDNA were subcloned into the KS vector. Different 
lengths of partial PATI and NPTII DNA were in- 
troduced into pGEM or the KS vector to make tar- 
geting vector. On the c~thcr hand, PATI gent includ- 
ing promoter region was subclcmed int~ a binary vec- 
tor, pEND4K. The resulting plasmid, named as pHS 
107, was transJT~rred dircctlv into A. tumefiwiens strain 
LBA4404 by electroporation. 

Transformation of Arabidopsis 

Seedlings of trpl-lO() were aseptically germinatect 
in 0.5 • MS medium with shaking t~r 7 days. The root 
explants were cut and co,cultivated with A. tumefaciens 
strain containing pHSI()7. Shoots and roots were in- 
duced on MS media containing 50 mg/L of kanamy- 
cin. The T~ plants were self-pollinated and finally T, 
seed were tested for the blt, e fluorescence on solid 
media containing 50 mg/L cff kanamycin. 

Southern Hybridization 

Genomic DNA was isolated from transgenic A. 
thaliana according to Murray and Thomson (19801. 

Digested DNA with restriction enzymes was separat- 
cd on 0.8% agarose-gel transferred to nylon membrane 
(Amersham). ~-'P labelled probes were generated by 
nick translation and hybridization performed in 50% 
fi~rmamide and 5 • SSPE at 68'~C for 20 hr. Washing 
ccmdition was at 0.1 • SSPE at 68"C with several 
changes cff 0.1 • SSPE. Finally, the radioactivity was 
nlunitored on the Phosphorlmager (Bio-Rad, USA). 

R E S U L T S  

Vector Construction 

As strategy lbr gene targeting using the PATI gene, 
we dcsigned two plasmid vectr with differcnt mod- 
ifications or dcletions in the PATI gene. The vectors 
carried NPTII and partial PATI gcnc for thc selec- 
tion of transfi~rmants and homoh~gous recombinants, 
rcspcctivcly, pHS113 contains NPTII gone surround- 
cd by 5' and 3' llanking sequcncc of PATI gene. pHS 
1t7 comprises 1.1 kb internal fragment of genomic 
PAT1 gene and NPTII gone (Fig. I). 

The rcplacement vector, pHS113; To dcvelope 5' 
t]anking rcgion for homolog~ms recombination, 2.2 
kb BamHl/Pstl fragment from PAR1 I 8 containing A. 
thaliana PATI gcne was cloned into KS vector and 
named as pHSI08. Following 1.6 kb Pstl fragment 
fr~nl PARt 18 was subscqucntly ligated into pHSI08 
(pHSII(I)  pEND4K c~mtaining a Kanamycin resis- 

Fig. 1. Construction of gone targeting vectors, pHS113 
and pHS 117, containing NPTII and the part of genomic 
DNA of PATI from A. thaliuna. 
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Fig. 2. Agarose gel electrophorcsis of the restriction en- 
zyme digests of pHSI13 and pHS117. 1,8. BRigs 1 kb 
DNA laddcr: 2, BamH1 digcst of p}tS113; ItmdllI digest 
of pHS113: 4, Xhol/Sa[l digest tff pFIS113: 5, EcoRl dig- 
est of pHS117: 6, Kpnl.'Sacl digest c~f ptlS117; 7. Hhtdlll 
digest {ff pHS117. 

tance cassette (Klee et al., 1985) was digested with 
EcoRl to excise 1.6 kb cassette, which was ligated 
into the pHSII0  to create p H S I l l .  Then, 3' flanked 
sequences of PATI in pARI18 were digested with 
BamHl/Pstl and cloned into pSP72 to develop plas- 
mid pHS109 (Fig. 2, lanes 2-4). The 3.3 kb frag- 
ment was excised with Sall/Xhol and finally ligated 
into p H S I l I .  The resulting plasmid, pHS113, there- 
fore contains a gene fi)r Kanamycin resistance flank- 
ed on either side by DNA which flanks the PATI 
gene in the genome of A. thaliana. 

The truncation vector, pHS117; pEND4K was dig- 
ested with EcoRl to excise the Kanamycin resistance 
cassette and inserted in pGEM-7zf to create pHS112. 
0.6 kb Bcll!HindIll fragment and 0.5 kb llindllI fiag- 
ment from pARI18 were successively ligated into 
KS vector. Then, 1.1 kb fragment was excised with 
SacI/Kpnl and ligated into pHS112 to create pHS117 
(Fig. 2, lanes 5-7). This transformation vector carri- 
ed an internal fragment of the PAT1 gene adjacent 
to the NPTII gene. 

Transformation o f A .  thaliana trpl-lO0 

Agrobacterium carrying pHSI07 (Fig. 3) was used 
to transform A. thaliana trpl-100. After cocultivation 
of the root explants with Agrohacteria, remaining 
bacteria were killed by adding timentin (100 mg/L) 
on MS medium supplemented with IAA (I).05 mg/t,), 

Fig. 3. Against gel electrophoresis of the restriction en- 
zyme digests of pllSl07. M, BstEil digest of k DNA: A, 
Kpnl fragment of I'ATI: B, Ki,nl digest of pEND4K: C, 
Kpnl digest of pHS107. 

Fig. 4. Southern blot analysis for the genomic DNA iso- 
lated from transgcnic and non-tr,'lnsgenic plants. 1.1 kb 
EcoRl fragment of PAT1 gene was used as probe. A-B, 
tr,'msgenic plants carrying exogenous PAT1 gene: C, non- 
transgenic plant: M, BRL's 1 kb DNA ladder. 

IPAR (7 rag/L) and Kanamycin (50 mg/L). Calli form- 
ed on the root explants after 2 weeks and finally 
shoots were induced on the same medium. Rooting 
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of  the transformants was done on MS medium con- 
taining IBA (1 m_~L) and Kanamvcin (5(1 mg/L). The 
integration of PAT1 gene in ~hc transgenic plants were 
confirmed by southern hybridization of  the plant ge- 
nomic DNA. While there was a single band obsct~'- 
ed from the nontransformed control plant, three band 
appeared at about 13.8 kb, 7.1 kb and 3.3 kb fiom 
the transgenic plants (Fig. 4). This rcsult showed that 
a single copy of PAT1 gcnc was inlroduccd into trans- 
fl)rmed plants. 

Complementation of Blue Fluorescence in A.  thaH- 

aria trpl-lO0 

Germinated seedlings of  T, were examined under 
I !V lighl. Fig. 5 shows the results of  the complemen- 
ration assay for the blue fluorescence in the T: plants. 
About 30% of transgenic plants were still showing 
bluc lluorescence that revealed the segrcgation of  in- 
Irt~duccd PATI gcnc bv Mendelian ratio. As control, 
trpl-10() show blue fluorescence while wild type plant 
]l;IS nt~n-lluorescence. 

DISSCUSSION 

We studied genc targeting as a stratcgy to induce 
gent  disruption bv homologous recc~mbination in A. 
tha/iana. The PATI gcnc was selected as a target 
locus because the disruption leads to a change in blue 
fluorescence which is easily distinguishable from the 
wild phem~typc as shown in the results of  complc- 
mcntation cxperimcnt. 

A 

B 

C 
Fig. 5. Photographs of non-fluorescenced cotyledons of 
the transformant due to the genetic complementation. A, 
Arabidopsis trpl-10()(patl/patl) as control, B, wild type 
as control; C, Arabidopsis trpl-l()() carrying exogenous 
PAT1 gene (PATl/patl ). 

Fig. 6. Schematic diagram of gent targeting to knock out 
PATI gene in A. thaliana. The patl and NPTII gene can 
bc introdt,ced into plant cells by either homologous re- 
cc~mbination (A, B) or random integration (C, D). The re- 
cipient phmt is a heterozygous tryptophan mutants car- 
rying one functional PAT1 genc. The plants show non-flu- 
orescence and sensitivity to both 5-MA and Kanamycin. 
A, The functional PAT1 gene is replaced with NPTII gene 
through two recombination events on each side of the 
/%'~TI locus; B, The functional I'AT1 gene is splitted by 
insertion of the homologous sequences carried on the vec- 
tor so that two unfunctional patl genes arc arranged with 
NPTII gene; C-D, The homologous sequences can be in- 
ctJrporatcd into plant genome randomly so that PATI gene 
is, remained functionally. As the results, all transformed 
cells (A,B,C and D) can resist to the Kanamycin bu! only 
homologous recombinants can (A and B) survive in the 
presence of 5-MA. 
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In a first experiment, we constructed two targeting 
vectors containing different segments of the PAT1 
gene. Using pHS113, the disruption of PAT1 is ex- 
pected to result from a double recombination event 
between the DNA sequences flanking PAT1 carried 
on the vector and the corresponding homologous re- 
gions of the Arahidopsis genome. Two recombina- 
tion event at each end of the PAT1 locous should 
result in replacement of endogenous PAT1 gene with 
the genc for Kanamycin resistance (Fig. 6A). Gone 
disruption of PATl using pHS117 is expected to re- 
sult from a single recombination event between the 
PATl locus in the genome and the homologous 
DNA carried on the vector. The integration by the 
single recombinational event will result in a direct re- 
peat of PATI gene sequences in which only that por- 
tion of thc gent carried by the plasmid is duplicated. 
Consequently, each of the repeated copies of Ihe 
PATl gene will be now incompletc (Fig. 6B). Most 
current work inw)ives lhe replacement type of genom- 
ic alternation as shown in pHS113 (Bertling, 1995). 

Although disruption of a gene results in a reces- 
sive mutation on one of the pair of the gent in a di- 
ploid state, the phenotype of the resulting transfl)r- 
mant is complemented by wild type of the corres- 
ponding gene. For this reason, the heterozygous Ara- 
hidopsis strain (PAT1/lmtl) should be used to transf- 
er reconstituted DNA into endogenous PAT]. It was 
intended that homologous sequences target functiorml 
PAT1 gene between two endogenous PATI loci in the 
heterozygous plant. The exact targeting will result in 
homozygous recessive mutation (patl/patl) so that 
the color phenotype of the regeneraled translormant 
will be easily detected with thc blue fluorescence. 

Based on the analogy to selections for microbial 
mutants, mutants in the key regulatory enzyme, PAT, 
can be obtained by selection for plants that are able 
to grow on anthranilate analog 5-MA (Last and Fink, 
1988). The strategy lor such selections can be ap- 
plied to the micro-colonies during the protoplast cul- 
ture. When protoplasts from heterozygous ArahMopsis 
strain (PAT1/patl) are directly transformed, the result- 
ing microcolonies will be screened ff)r the homo- 
logous recombination by selecting on the media con- 
taining both 5-MA and Kanamycin. Finally. plants re- 
generated with double resistances will be checked lot 
the blue fluorescence. 

Gene transfer by transformations is a crucial step 
in the development of a gene targeting system. The 
transfl~rmation schemes in plants are based on the in- 
tegration of donor DNA into a random locus of ge- 
nomic DNA (Deroles and Garder, 1988; Gheysen et 

al., 1991). Among them, a direct transformation meth- 
od to protoplasts could be applied most efficiently 
because a batch of transformants are screened for the 
homologous recombination. Although A. thaliana has 
bccn probed to be a useful model system to study 
molecular genetics in plants, a routine method for 
protoplast isolation and regeneration has not been es- 
tablished for various ecotypes or mutants since the 
optimum condition is variable among different geno- 
types (Wench and Mart(m, 1995). As a first step in 
gene targeting, it is one of the main limitations for 
lhe further use of Arabidopsi.s in plant molecular 
biology. 

The gene targeting strategies we have developed 
are simple and can be used easily in Arabidopsis mu- 
lant trpl-lO0. Furthermc)re, any interesting genes in 
tq~l-l()0 (patl/patl) can be targeted bv using a uni- 
versal vector containing PAT1 expression cassette. We 
arc working on the construction of the vector system. 
These systems will cerlainly contribute to the eluci- 
dation of the genetic regulation of PAT1 gene and 
other genes. It will be expanded the range of genetic 
manipulations in plants. 
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