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Despite the popular use of the ~ u m . m e d i a d e d  method for Wamfonmn 8 plants, only a very limited number 
of binary vectors are available, in addition, those binary vectors are rather inconvenient for plasmkl manipulation 
because oi: ~heir lar~ size. Here, we report the conslbructJon of small binary vectors, plknh11 and pBminGFFI, for 
~,robacterium.mediated t r a n S .  The ~;ums of pBminl and pBmtnGFP1 are approximately 5~ kb and @5 kb, 
respectively. These vectors contain one kanamycin resi.qance gene, with a double promoter for expression in both 
bacteria and plant cells. Vector pBminGFP1 has the 35S-GFP chimeric ~ene am a reporter. These small binary vectors 
would greatly facilitate plasmid manipulation and plant tran~ormalion. 
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Since the successful transformation of plant cells 
using T-DNA of Agrobacterium, numerous attempts 
have been made to develop suitable binary vectors 
that can grow in Escherichia coli as well as in Agrobac- 
terium (Otten et al., 1981; Bevan, 1984; Wang et al., 
1984; An et al., 1985; Olszewski et al., 1988; Zam- 
bryski, 1988; Becker et al., 1992; Fuse et al., 1995; 
Kim et al., 1996). Among the most popular binary 
vectors used for plant transformation are Bin19 and 
its derivatives (Bevan, 1984). 

Although these vectors have been widely used for 
transformation experiments, they are large molecules 
and are inconvenient for plasmid manipulation. The 
large inserts can also show marked instability at times. 
Therefore, numerous attempts have been made to 
construct a small binary vector (Ailiotte et al., 1988; 
McBride and Summerfelt, 1990; Hajdukiewicz et al., 
1994). Frisch et al. (1995) reported that the complete 
nucleotide sequence of Bin19 was 11,777 bp. This 
analysis revealed that many regions appear to be 
unnecessary for the binary vector. Therefore, we 
attempted to construct a smaller binary vector that is 
easy to manipulate and provides higher transforma- 
tion efficiency. 

MATERIALS A N D  M E T H O D S  
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Recombinant Technology 

Standard recombinant techniques were used, as 
described previously (Maniatis et al., 1982; Ausubel 
et al., 1989) 

Plant Growth and T r ~  

Arabidopsis plants were grown in MS medium (pH 
5.7) containing 2% sucrose and 0.5 gL -1 MES. Cul- 
tures were kept under continuous light, at 20~ and 
70% relative humidity. The transformations were car- 
ried out according to the protocol of Valvekens et al. 
(1988). Constructs were introduced into Agrobacte- 
rium (LBA4404) by electroporation, and the trans- 
genic plants were then generated from C24 root 
explants. 

RESULTS A N D  DISCUSSION 

The minimum requirements for producing a binary 
vector are an origin of replication, the trfA gene for 
the replication factor, left and right T-DNA-border 
regions, and selection marker genes for bacteria and 
plant cells. Therefore, to generate a small binary vec- 
tor we first attempted to reduce the size of the origin, 
oriV, in Bin19. A 0.7-kb DNA fragment containing the 
oriV was isolated from Bin19 by digestion with the 
restriction enzymes Rsal and Aval. To determine 
whether the 0.7-kb fragment was sufficient to func- 
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tion as an origin in both E. coli and Agrobacterium, 
we ligated the 0.7-kb fragment to a 2.7-kb DNA frag- 
ment containing the trfA and nptlll genes. Ligated 
DNA gave kanamycin-resistant colonies in both E. coil 
and Agrobacterium, which confirmed that the 0.7-kb 
DNA fragment contained all the necessary elements 
for an origin. 

The next step was to isolate a minimal DNA frag- 
ment of the trfA gene for replication. The trfA in 
Bin19 appears to be polycistronic with the nptlll 
gene. Therefore, a promoter region was necessary for 
expressing the trfA gene. The promoter of the npt!ll 
gene was chosen for the trfA gene, and was isolated 
by PCR from the npt!l! gene in BIN 19. We used oli- 
gonucleotide primers (5' GGCCGGATCCTACGCCAAT- 
TTGAAAACAAC 3'; 5' CCATATGTATI-rCCTTCCTCrl- 
-I-rC 3') that corresponded to the -1 and -200 regions 
from the promoter of the nptlll gene. The 200-bp 
DNA fragment (named nptlllp) was ligated to the pro- 
moterless trfA gene from Bin19. The resulting chi- 
meric gene then was able to support replication of 
oriV in both E. coli and Agrobacterium. 

We then introduced a T-DNA region into the small 
plasmid. To transfer a DNA fragment into plant cells 
by Agrobacterium, the plasmid must have left- and 
right-border regions, with a selection marker gene. 
Again, we reduced the size of the two border regions 
in Bin19. An approximately 300-bp fragment was iso- 
lated for the left-border region by digesting Bin19 
with Sau3A1 and Pvull. For the right-border region, 
we isolated a 200-bp DNA fragment by digesting 

Bin19 with Bglll and Sacll. 
As a selection marker for plant cells we chose the 

nptll gene. In the case of Bin19, two selection marker 
genes, nptll and nptlll for plant and bacterial cells, 
respectively, were used. However, we attempted to 
use only one kanamycin resistance gene for selection 
in both bacteria and plant cells to reduce the size of 
the binary vector. To express one kanamycin gene, 
nptll, in both prokaryotic and eukaryotic cells, a dou- 
ble promoter was necessary. 

For bacterial cells, the 200-bp nptlll promoter was 
fused to the nptll-coding region isolated from Bin19. 
This generated a chimeric construct, the nptlllp-nptll- 
nos terminator. The nptll-coding region, together with 
the terminator region, was isolated by using PCR. A 
primer (nptll-5: 5' CCATATGATTGAACAAGATGGA 
3') corresponding to the 5' end of the nptll.coding 
region and the T3 primer were used for PCR amplifi- 
cation, with a pBluescript clone containing the nptll 
gene as a template. The chimeric nptlllp-nptll gene 
gave kanamycin-resistant colonies in both E. coli and 
Agrobacterium. 

To express the nptll gene in plant cells, we used the 
same nos promoter of the chimeric nptll gene in 
Bin19. This promoter was also isolated by PCR, using 
the T7 primer and a specific primer (nos-3: 5' 
GGATCCGGTGCAGATTAT 3') that corresponded to 
the -1 region of the nos-nptll gene in Bin19. A pBlue- 
script clone containing the nos-nptl! gene was the 
template. The 200-bp nos promoter was fused to the 
nptlllp-nptU chimeric gene to generate nosp_nptlllp_ 

figure 1. Restriction maps for plasmids of pBminl (A) and pBminGFP1 (B). oriV, broad-host-range origin; nptlllp-trfA, the chi- 
meric trfA gene with nptlll promoter; RB, right-border region; LB, left-border region; nptll', the chimeric nptll gene with nptlll 
promoter and nos promoter; GFP, green fluorescent protein gene; ter(pl), 3' region of the potato protease inhibitor II gene. 
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nptll (named nptll'). Thus, the nptll" gene had a dou- 
ble promoter consisting of the nptlll and nos promot- 
ers for expression in bacteria and plant cells, 
respectively. 

The nptll" gene was then inserted into pBluescript 
containing the two border regions to generate 
pBlueT-DNA. The T-DNA region was re-isolated from 
pBlueT-DNA and, subsequently, ligated to the DNA 
fragment containing the or/V and nptlllp-trfA chimeric 
gene to give pBminl. Thus, the final version of the 
new binary vector, pBminl, which is approximately 5 
kb in size, consists of two border regions, the selec- 
tion marker nptll ' gene, or/V, and the nptlllp-trfA gene 
for replication (Fig. 1A). 

We also constructed an expression vector based on 
pBminl. As a reporter gene, the 35S-GFP chimeric 
gene was isolated from pBI121mGFP (a gift from J. 
Haseloff, MRC, UK). The nos terminator of the 35S- 
GFP chimeric gene was replaced with a 300-bp DNA 
fragment (ter(pl)) from the 3' end of the protease 
inhibitor II gene of potato (Keil et al., 1986). This was 
done because the nos terminator was used as a ter- 
minator for the nptll '  gene. The new 35S-GFP-ter(pl) 
chimeric gene was introduced into the Sail site, 
which is located downstream of the nptll ' gene of 
pBminl, to generate pBminGFP1 (Fig. 1 B). 

Because we modified many regions, including the 
promoter region of the nptll gene, we examined the 
transformation efficiency of these new vectors. The 
new binary vector, pBminGFP1, was able to generate 
kanamycin-resistant calli from Arabidopsis root 
explants. Green calli appeared approximately one 
week after the root explants were cultivated on 
shoot-induction media. Interestingly, the green calli 
were generated slightly more rapidly using 
pBminGFP1 than pBI121. More importantly, 
pBminGFP1 generated more green calli than did 
pBI121 (Table I), which indicates that the transforma- 
tion efficiency of the new small vector is better than 
that of pBI121. 

We also examined the expression of green fluores- 
cent protein (GFP) in the leaf tissues of regenerated 
plants after three weeks in culture. The leaf tissues 

Table 1. Transformation efficiency of pBminGFP1. 

Construct 1 week 2 weeks 4 weeks 
pBI121 0 30% 60% 

pBminGFP1 5% 50% 80% 
The transformation efficiency was calculated as the number 
of green calli per 100 root explants. Growth was on 100 I~g 
mL -1 kanamycin. The percentages are the average of four 
identical plates. 

showed bright green fluorescence when examined 
under a fluorescence microscope (data not shown). 
This indicates that the cells transformed with 
pBminGFP1 express GFP. 
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