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Construction of Binary Vectors for the
Rice Transformation Using a Rice Actin Promoter
and Replication Origin of pli12 Isolated from
Agrobacterium tumefaciens KU12

Park, Hee-Deung, Jeong Ku Park, Joe-Seon Lee and Woong-Seop Sim*
Department of Biology, Korea University, Seoul 136-701, Korea

Binary vectors, pBI-ActR1, pBI-ActF1 and pBSH-ActR1, were constructed using pGA642,
the replication origin of pTil2 and the rice actin promoter. The sizes of pBI-ActR1, pBI-ActF1
and pBSH-ActR1 were 12.9 kb, 13.2 kb and 11.95 kb, respectively. These vectors containing
a rice actin promoter followed by a GUS structural gene could induce strongly the expression
of GUS gene in transformed rice cells. Rice explants from 3-4 day old seedlings after germina-
tion were cocultured with A, tumefaceins harboring pBI-ActR1, pBI-ActF1 or pBSH-ActR1,
and then GUS expression in the explants was assayed. Transformation of rice explants by
these binary vectors was tissue-specific, such that the meristematic regions of shoot apex, root

and hypocotyl were transformed by these binary vectors.
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Agrobacterium  tumefaciens can introduce foreign
genes into plant genomes (Bean, 1984; Lurquin,
1987). Plant transformation by A. tumefaciens has se-
veral advantages over direct gene transfer methods.
A. tumefaciens is capable of infecting intact plant cells
and can efficiently transfer large fragments of DNA
without substantial DNA rearrangement (Krens er
al.. 1985). While the transformation of many dicoty-
ledonous plants using A fumefaciens has became
routine, it is difficult for monocotyledonous plants,
cspecially cereal crops, to be transformed by A. tume-
fuciens. One of the problems in transforming mono-
cots using A. tumefaciens is finding of an efficient
promoter to express foreign genes in the transgenic
crop plants (McElroy er al., 1990).

Since rice is a staple crop all over the world, it
is very important to develop an efficient method for
transformation of rice. Recently. it was reported that
rice could be transformed by 4. twmefaciens (Raineri
et al., 1990; Chan et al., 1992; Li et al., 1992). These
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authors used binary vectors which has CaMV 358
promoter and RK2 replication origin. However,
those binary vectors had several disadvantages.
CaMV 35S promoter not only has low activity in
transformed rice cells (Peterhans et al, 1990), but
also s not active in all cell types (Terada and Shi-
mamoto, 1990). Besides, the binary vectors construc-
ted using RK2 origin is unstable in A twmefaciens
and has a low copy number in E. coli

It has been reported that the rice actin promoter
is 20 fold stronger than the CaMV 358 promoter
in fransgenic rice protoplasts (McElroy et al., 1990)
and is active in all tissues (Zhang et al.. 1991). Lee
et al. (1994) reported that pYWXP having replication
origins of pTil2 and ColE1 is very stable in 4. rume-
Jaciens and has a high copy number in E. coli. The-
refore, in order to overcome the instability and low
copy of the binary vectors containing RK2 origin,
we constructed a new binary vector using a strong
constitutive promoter of rice actin gene from the
plasmid pActl-F (McElroy et al., 1990) and the repli-
cation origins of pTil2 and ColEl (Cha er al., 1983;
Lee, 1993) in this study. At the same time we found
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that Japonica type rice cultivars could be transfor-
med by 4. tumefaciens harboring the new binary vec-
tor, pBSM-ActRI.

MATERIALS AND METHODS
Bacteria! strains and plasmids

We chose A. tumefaciens stranin A281 that contains
an agropine type Ti plasmid, pTiBo342. The 4. -
mefaciens strain A281 (pTiBo542) induced larger and
earlier appeanng tumors on a wider range of plant
than other strains (Jin er al, 1987; Komari, 1990)
and could infect rice (Raineri er al., 1990; Chan er
al., 1992). The E. coli strain JM109 was used as a
host cell and was grown in LB medium at 37C. The
A. tumefaciens strain was grown in MG/L medium
(Chilton et al., 1974) or in AB minimal medium
(Chilton et al., 1974) ot 28T.

The plasmid, pAct-F (MeElroy er al., 1990), con-
taining rice actin promoter was kindly provided by
Dr. Ray Wu and was used for constructing the bi-
nary vectors in this study. The plasmids, pBI121 (Jef-
lerson et al., 1987) and pGA642 (Gelvin er al., 1991)
were used to obtain T-DNA border regions and the
nptll gene, respectively. New recombinant plasmid,
pBSXP containing replication origins of pTil2 and
ColE1 from pYWXP was constructed in this study.
pBAl, pBA2, pGBO01, pGB02, pGBO03, pBI-ActRlI,
pBI-ActFl and pBSH-ActR] were also constructed
in this study (Figs. 1, 2).

Construction of pBI-ActR1 and pBI-ActF1

Plasmids pBI-ActR]l and pBI-ActF1 were const-
ructed in the following way. A 1.0 kb EcoR1-Smal
ragment and a 6.4 kb Kpnl-Xhol fragment of pActl-
F were subcloned in pBluescriptSKII to make pBAI
and pBA2, respectively. A 1.0 kb HindlII-Smal frag-
ment containing rice actin promoter of pBA1 was
inserted into HindllI-Smal sites of plasmid pBI121
to make new plasmid pBI-ActR1. A 1.3 kb HindIlI-
Smal fragment of the plasmid pBA2 was inserled
into HindIlI-Smal sites of plasmid pBIi21 to make
another new plasmid pBI-ActF1, Overall construc-
tion scheme is shown in Fig. 1.

Construction of pBSH-ActR1
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Fig. 1. Strategy for construction of pBI-ActR1 and pBI-
ActF1. pBlI121, pBI-ActR] and pBI-ActF1 arc shuttle vee-
tors which can replicate in E. coli and A. rumefaciens. Bach
abbreviation is as followes: LB, left border; RB, right bor-
der: npdL, neomyein phosphotransferase: GUS, B-glucuro-
nidase. Restriction sites denoted by H. Hidlll; K, Kpnl:
P, Psrl; REcoRL S, Smal; X. Xhol.

As shown in Fig. 2, we consiructed pBSH-ActR]
using pGAG42, pBI12], pBAl and pBSXP. pGB0I
was construcied by replacing PsrI-HindIll (ragment
of pGA642 with a 1.9 kb Pyl-HindIll fragment con-
taining nptll from pBI121. pGB02 was constructed
by replacing the HindIlI-EcoRI fragment of pGBO1
with 3.0 kb HindIlI-EcoRI from pBII21. As a result.
pGB02 had the nptll-CaMV 35S promoter-GUS
cassette. To replace the CaMV 358 promoter ol pGB
02 was replaced with the rice actin promoter by rep-
lacing the HindllI-Smal fragment of pGB02 witn
a HindllI-Smal fragment of pBAIL. In order to rep-
lace the RK2 origin of pGBO03 with replication ori-
gins of the pTil2 and the Col/El, the pGBO03 Sall
ragment containing the RK2 replication origin was
replaced by pBSXP containing both the replication
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Fig. 2. Strategy for construction of pBSH-ActR1. Each ab-
breviation is as followes: LB, left border; RB, right border;
nptll, neomycin phosphotransferase; GUS, B-glucuroni-
dase; Ap. ampicillin resistent; Km, kanamycin resistent:
Restriction sites are denoted by H. HidIIL; K. Kpnl: P, Pal;
R, EcoRI: S, Safl; Sm, Smal; X, Xhol.

origins of pTil2 and ColE1.
Transformation of rice explants

Japonica type nce cultivars (Oryza sativa L. cv.
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Chuchung, cv. Nakdong and cv. Seomjin) were tes-
ted for transformation. Rice cultivars were obtained
from the Agricultural Research Center at Suwon,
Korea. To transform the rice explants, we used a
modified method of Li e al. (1992). Three to four
day old seedlings were placed in a Petri plate contzi-
ning a suspension of preinduced A. nemefaciens. In
the presence of A fumefaciens, each root and shoot
was cut with a scalpel into two or four small pieces
depending on the size of the seedling, and incubated
for 10 min. After incubation, these fragments were
transferred to a hormome- and antibiotic-free MS
media (Murashige er al., 1962) and incubated in dar-
kness at 28T for 4 days.

Because it was reported that monocotyledonous
plants have not materials to induce the vir genes
essential for transformation (Usami e al., 1987), A
tumefaciens was induced prior to coculture with the
rice explants. 50 mL of AB medium containing ka-
namycin was inoculated with a single colony of A
tumcfaciens A281 harboring binary vector and cultu-
red to an optical density (O.D.) of 0.9 at 600 nm.
This culture was centrifuged and resuspended in 50
mL of induction medium to an O.D. of 045 and
cultured to an O.D. of 0.9-1.2 as previously described
by Li e al. (1992).

GUS expression of A. tumefaciens and plant tis-
sue

So as to detect the GUS expression of Agrobacte-
rium, 1 mL ol overnight cultured A. tumefaciens (107
cell/mL) harboring binary vector was centrifuged
and resuspended in 500 pL of GUS-staining solu-
tion (1 mM X-gluc, 100 mM sodium phosphate buf-
fer, pH 7.0, 10 mM EDTA, 0.1% Triton X-100) and
then incubated at 37C.

The GUS expression of plant tissue was lested
as follows. The cocultured explants were washed
with sodium phosphate buffer (pH 7.0) three times,
immersed in GUS-staining solution and then was
incubated at 37C for 20 hours. The stained seedling
tissues were examined by stereomicroscope.

RESULTS AND DISCUSSION

Construction of the plasmids, pBI-ActR1 and
pBI-ActF1
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We made binary vectors containing rice actin pro-
moter for the purpose of rice transformation. Since
we constructed in-frame translational chimeric gene
fusion between the rice actin promoter and the GUS
coding region, expression of the GUS genc in rice
could be maximized. Because rice actin is a (unda-
mental component and is aclively expressed in rice,
we chose actin promoter to express highly the GUS
gene in rice. McElroy er al. (1990 and 1991) reported
that CaMV 35S promoter activity was not constitu-
tive and was low in transformed rice cells. Transient
expression assays of transformed rice protoplasts
showed that rice actin promoter is approximately
20 times more active than CaMV 35S promoter
(McElroy er al. 1991).

To minimize the size of 5’ noncoding region of
rice actin, we constructed plasmids pBI-ActR1 and
pBI-ActF1 containing 1.0 kb and 1.3 kb rice actin
promoter respectively. When we mcasured promoter
activities of recombinant plasmids. there was no dif-
ference n promoter activities (data not shown).

Construction of the plasmid, pBSH-ActR1

Both binary vectors, pBI-ActR1 and pBI-Actl‘1,
have the RK2 replication origin which replicates in
E. coli and in A. tumefaciens (Jefferson, 1987). Howe-
ver, the RK2 origin have two disadvantages. One
is low copy number in E. coli (Spiclman et al., 1986Db).
The other is instability in A. tumefaciens (Close et
al., 1984). To overcome these drawbacks, pBSXP ori-
ginated from pYWXP was joined with the nptll-Ac-
tin promoler-GUS cassette of pGB03. pYWXP has
the ColE1 replication origin for E. coli and the pTil2
replication origin which is very stable in 4. tumefa-
ciens (Lee et al., 1994). Therefore, pBSXP has a high
copy number in E. coli and is stable in A. tumefaciens.

GUS expression in A. tumefaciens

To test the GUS activities in A. rumefaceins harbo-
ring the binary vectors, we assayed X-gluc stained
bacterial cells. Fig. 3 shows A. tumefaciens stained
with X-gluc for 5 h, When A rumefaciens cells were
incubated with X-gluc solution, these bacterial cells
harboring: pB1121 (CaMV 338 promoter-GUS) stai-
ned dark blue within 30 min. This means that
CaMV 358 promoter-GUS works well in A. rumefa-
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Fig. 3. A tumefaciens A281 stained with X-glue for 5 h
at 37C. Blue color indicates the expression of GUS in
A, tumefaciens. A. A tumefaciens A281 harboring pBII121:
B. A tumefaciens A281 harboring pBSH-ActRI.

ciens. However, A. tumefaciens cells harboring pBI-
ActR1, pBI-ActF1 or pBSH-ActR]1 (actin 5" region-
GUS) stained only light blue after 20 h. This means
that the actin promoter-GUS works poorly in A. fu-
mefaciens. There was no difference among the above-
mentioned three recombinant plasmids in terms of
exlent of coloring.

The reason for the weak activity of the actin pro-
moter in A tumefaciens s probably that the actin
5" region has a low transcriptional efficiency in 4.
rumefaciens and/or the mRNA 5 region of Act-GUS
fuscd gene has 1 low binding aftinity for ribosomes
ol A rumecfaciens. McElroy (1991) had reported that
the translational initiation site (AAGATGG) in the
actin promoter ol pActl-F is similar to eukaryotic
consensus translation initiation sitc (ACCATGG)
with the most highly conserved positions being pun-
nes at —3 (usually an A) and at +4 (usually a G).
Also. the Act-GUS fusion has no similarity with
Shing-Dalgarno sequence (Shine and Dalgamo,
1974). As noted by Stormo (1982), the bacterial ribo-
some binding site from -+4 o +7 is GCUA or
AAAA. However, the actin promoter-GUS fusion
is GCTG. Therefore, il 13 concluded that Act-GUS
[usion expresscs well in rice, but poorly in A. mmefa-
ciens.

Gus expression in rice explant

GUS expressions in scedling explants cocultured
with A. wmefuciens harboring pBSH-ActR1 contai-
ning the actin promoter-GUS cassette were tissue-
specific (Fig. 4). GUS expressions were scen in the
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Fig. 4. GUS expression of rice explants (Orvza saiiva L. cv. Nakdong). Each panel shows GUS expression in A, shoot
apex; B, hypocotyl:. C. hypocotyl: D, root: E, root; F. rool. A. B. D and E were rice explants infected by 4. mmefaciens
A281 harboring pBSH-ActRI. and C and F infected by 4. nomefaciens A281 harboring pBI121. Arrow indicate GUS expres-
sion in plant tissue. Bluc colors in C and F are the GUS cxpression of A. rumefaciens A281 harboring pBI121. The photog-

raph was x40 except pancl F (X20).

meristematic regions of shoot apexes, hypocotyls and
roots (Fig. 4A, 4B and 4D). However, GUS expres-
sion was not restricted to meristematic zones. Qcca-
sionally. GUS expression was detected in non-meri-
stematic regions (Fig. 4E). These results are coinci-
dent with the results of Li er al. (1992) and of Liu
et al. (1992) which used a binary vector pCaMV 358
promoter -GUS-INT. They did not detect GUS exp-
ression in bacteria because of the insertion of a mo-

dified plant intron into the gus gene.

To know whether the tissue-specific GUS expres-
sion in explants of seedlings is due to the contami-
nated Agrobacterium, seedling explants were infected
with 4. tumefaciens harboring pBI121 (containing
CaMV 338 promoter). The infected explants were
stained in the entire region as shown in Fig. 4C
and 4F. The entire staining of seedling explants is
due to the GUS expression in the contaminated Ag-
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robacterium tumefaciens. Therefore, the tissue-specific
GUS expression of explants which -vere infected by
A. tumefaciens harboring pBSH-ActR] was not the
result of A. tumefaciens infection but the result of
transformation of plant tissue.

Additionally, we tested the GUS expression with
the different tissues and the different rice cultivars.
Shoot apexes were more sinsitive than roots and hy-
pocotyls. 25-35% of shoot apexes, 10-20% of hypoco-
tyls and 0-5% of roots werc transformed by A. tume-
feciens. These results are similar to those of Li e
al. (1992). The differenccs among three cultivars werce
not striking. Oryza sativa cv. Nakdong showed sligh-
tly higher activity than Orpza sativa cv. Seomjin in
GUS expression
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