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To determine the patterns and the levels of expression of the cauliflower mosaic virus (CaMV
35S) promoter and the rice actin 1 (4ct]) promoter in rice, transgenic rice plants containing
CaMV 35S-B-glucuronidase (GUS) and AetI-GUS constructs were generated and examined
by fluorometric and histochemical analyses, The fluorometric analysis of stably transformed
calluses showed that the activity of the rice Act] promoter was stronger than that of the CaMV
35S promoter in rice cells. In a histochemical study of the transgenic rices, it was shown that
the GUS activity directed by the CaMV 35S promoter was localized mainly in parenchymal
cells of vascular tissues of leaves and roots and mesophyll cells of leaves. These results are
similar to those of potato, a dicot plant. In contrast, rice plant transformed with ActI-GUS
fusion construct revealed strong GUS activity in parenchymal cells of vascular tissue, mesophyll
cells, epidermal cells, bulliform cells, guard and subsidiary cells of leaves and most cells of
the root, suggesting that the rice Act] promoter is more constitutive than the CaMV 35S promot-
er. It was also confirmed that in both types of transgenic rice little or no staining was localized
in metaxylem tracheary elements of vascular tissue from leaves or roots. These results indicate
that the rice Acrl promoter can be utilized more successfully for expression of a variety of
foreign gemes in rice than the CaMV 35S promoter,
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With respect to the gene transfer technology, the
development of a particle bombardment method
based on accelerated particles has been utilized lor
obtaining transgenic planis in agronomically impor-
tant cereals of which transformation has been hin-
dered by the limited host range of Agrobacterium.
Recently, in some laboratories, it has been reported
that transgenic plants have been produced success-
fully in monocots such as maize (Fromm er al.
1990), wheat (Vasil er al, 1993) and rice (Christou
et al., 1991) using particle bombardment techology.

In addition to the gene transfer technology, the
lack of an efficient and strong promoter for the ex-
pression of foreign genes is still one of the major li-
mitations for obtaining transgenic monocot plants.
In general, CaMV 358 and maize alcohol dehydro-
genase 1 (4dh1) promoters were often used to express
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foreign genes in gene transfer studies on monocots
(Zhang and Wu, 1988; Fromm et al, 1990; Terada
and Shimamoto, 1990; Kyozuka e al., 1991). How-
ever. both promoters have been reported to show rel-
atively low activity in the transformed cclls of mo-
nocots (McElroy er al., 1990; Peterhans er al., 1990;
Chibbar er al., 1993). Recently it has been reported
that the 5" region of the rice Act/ gene (der! promot-
er) directed high levels of GUS gene expression in
transformed rice protoplasts (McElroy er al, 1990)
and barley cells (Chibbar er al., 1993). We have pre-
viously reported that the AetJ promoter was more
highly active in transient GUS gene expression of
transformed rice cells than the CaMV 358 promoter
(Jeon et al, 1994). In this report, we examined the
activity of both promoters in stably transformed cal-
luses of two rice cultivars, and compared the results
with those previously published.

By histochemical analysis of transgenic plants trans-
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formed by fusion of the regulatory region of pro-
moter to the GUS gene, it has become clear that
expression of certain plant genes is not only tissue
specific but cell type specific in a particular organ.
In transgenic rice plants, it has been reported that
the CaMV 358 promoter was not active in all cell
types (Battraw and Hall, 1990; Terada and Shima-
moto, 1990), and that the maize 4dhl promoter was
more highly active in roots than in leaves (Zhang
and Wu, 1988; Kyozuka et al, 1991). It has been
also reported that the rice Act/ promoter showed a
more constitutive pattern of activity in transgenic
rice than either the CaMV 35§ or the maize Adhl
promoter (Zhang et al., 1991). We have previously
reported that the activity of the CaMV 358 promoter
was high in the phloem cells in and around vascular
tissue of the stems and roots, and in the apical meri-
stem of shoots, roots and adventitious shoot buds
of transgenic potatoes (Lee and Sung, 1992; Sung
et al., 1994).

We here examined the expression patterns of
CaMV 35S and rice Act] promoters in transgenic
rice of an identical cultivar for the first time by mic-
roscopic analysis. We compared these results with
those previously published including the results of
transgenic potato, a dicot plant.

MATERIALS AND METHODS
Plant transformation

Two cell lines of rice embryogenic cell suspen-
sions, which were derived from anther of ¢v. Seomyji-
nbyeo and seed of cv. Dobongbyeo, were used in
obtaining transgenic rice plants (Jeon and Lee, 1992;
Jeon er al, 1994). All plasmids used in this experi-
ment, except for pGA643 (An et al, 1988), and all
transformation procedures using a particle inflow
gun including DNA isolation, DNA coating and os-
motic treatment of target cells were described in Jeon
et al. (1994). pLS201 (Lec and Sung, 1992) containing
the combination of CaMV 355-GUS and neomycin
phosphotransferase II (NPTII) gene was used for
obtaining calluses containing CaMV 355-GUS fu-
sion construct. In contrast, to obtain stably trans-
formed calluses containing rice 4ct/-GUS fusion
construct (pActlD. Zhang e al.. 1991), pGA643 con-
taining NPTII gene as a selectable marker was co-
transformed with pActID at a [:1 ratio.

The N6 medium (Chu et af., 1975) supplemented
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with 2 mg/l. 24-D and 100 mg/L (G418 was used
to select transformed calluses. For cotransformed
calluses, GUS-expressing calluses were secondarily
selected out of G418-resistant calluses by in situ GUS
assay (Jeon et al., 1994).

Transformed calluses were cultured in N6 liquid
medium containing 2 mg/L 24-D and 25 pM AgNOs
for 2 weeks and then subcultured on the MS med-
ium (Murashige and Skoog, 1962) containing 0.1
mg/L NAA, 2 mg/L kinetin, 2% sorbitol, 5% sucrose
and 1.6% agar for plant regeneration. For active
growth of roots, regenerated plants were transferred
onto the MS medium containing | mg/L NAA

GUS spectrofluorometric analysis

GUS activity was quantified fluorometrically using
4-methylumbelliferyl-g-D-glucuronide (MUG) as des-
cribed by Jefferson (1987). GUS activity was expres-
sed as pmol 4-methylumbelliferone (MU) produced
per mg protein/min of incubation at 37C . The GUS
extraction buffer consisted of 50 mM sodium phos-
phate (pH 7.0), 10 mM p-mercaptoethanol, 10 mM
EDTA., 0.1% sarcosyl and 0.1% triton X-100. GUS
assays were performed 3-5 months after transforma-
tion using G418-resistant calluses. Protein concent-
ration of callus extracts was determined by the me-
thod of Bradford (1976) wsing BSA as a stan-
dard.

Histochemical analysis

Leafl blades, leaf sheaths and roots, cut by hand
with a scalpel to about 3-5 mm, were incubated at
37C for 12 h in a solution containing 10 mM sod-
ium phosphate (pH 7.0), 5 mM potassium ferricya-
nide, 5 mM potassium ferrocyanide, 10 mM EDTA,
0.1% Triton X-100 and 0.1% 5-bromo-4-chloro-3-in-
doyl-B-D-glucuronide (X-gluc). Tissue samples were
then fixed in a solution of 4% paraformaldehyde,
17 mM sodium phosphate (pH 7.0) and 0.5 M suc-
rose for 4 h and finally washed with a solution ol
0.5 M sodium phosphate (pH 7.0) and 0.5 M sucrose
(Battraw and Hall, 1990). Tissues were then frozen
to —20C and cut into 30 um thick sections using
a Cryo-Cut II microtome (AQ).

PCR analysis and Southern hybridization

Polymerase chain reaction (PCR) assay was per-



September 1994

formed according to Jeon et al. (1994). Genomic
DNA was isolated from transformed calluses and
plants using the procedure of Gordon-Kamm er al.
(1990). For detecting the presence of the transferred
gene, 5-CTACACCACGCCGAACACCT-3" (+527
from ATG) and 5-CAGGCACAGCACAT-
CAAAGA-3 (+1391 [rom ATG) for the GUS gene
(Omirulleh er al., 1993), and 5-GAGGCTATTCGG-
CTATGACTG-3' (+201 from ATG) and 5-ATCG-
GGAGCGGCGATACCGTA-3 (+900 from ATG)
for NPTII gene (Hamill et al. 1991) were uscd as
primers. PCR products were scparated by clectro-
phoresis in 0.8% agarose, and then transferred to
Hybond N+ membrane (Amersham) according to
the method of Southem (1975), Detection of PCR
products was performed according to protocol of the
manufacturer (Boehringer Mannheim) using the
non-radioactive digoxigenin (DIG) method. The fil-
ter was hybridized with a DIG-labelled probe, which
consisted of the GUS coding region isolated as
about a 1.9 kb Psl fragment from pl.S201. The hyb-
ridized (ilter was detected by enzyme-linked immu-
noassay using an antidigoxigenin-alkaline phosphat-
ase conjugate and a subscquent cnzyme-catalyzed
color reaction with 5-bromo-4-chloro-3-indolyl phos-
phate and nitro blue tetrazolium.

RESULTS AND DISCUSSION

Selection of transformed -calluses containing
CaMV 358-GUS or Aal-GUS

To select GUS-expressing calluses, the selected G
4]18-resistant calluses were assayed for GUS activity
by staining them with X-gluc. A section of each trans-
formed callus was added for GUS assay in a mic-
rofuge tube containing X-gluc solution (Fig. 1). Un-
transformed control calluses showed no blue colora-
tion, whereas almost all of the G418-resistant callus-
es transformed with pLS201 showed blue coloration
(Fig. LA). In contrast, among calluses cotransformed
with pActlD and pGAG643, some tested showed in-
tense blue coloration (I'ig. 1B). This result indicates
that only some of G418-resistant calluses were co-
transformed with both plasmids.

In the G418-resistant calluses transformed with
pLS201 containing CaMV 355-GUS and NPTII
genes. 46 out of 66 calluses showed blue coloration
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Fig. 1. A, GUS activity in calluses of cv. Seomjinbyeo
stably transformed with pLS8201. The lefi tube (C) of the
upper part is a result of assay of untransformed callus.
and the others (1-13) is a result of assay of putative trans-
formed calluses. B, GUS activity in calluses of cv. Dobong-
byeo cotransformed with pActlD and pGA643. All the
tubes contained about 20 uL. X-gluc solution and a each
section of putative transformed calluses (1-15).

12 h after staining. This means that about 70% of
G418-resistant calluses expressed the GUS gene acti-
vely. However, it was confirmed in PCR analysis
that the other G418-resistant calluses which didn't
express GUS gene as well as GUS-expressing cal-
luses contained GUS coding region. It is suggested
that partial delection or methylation of inserted GUS
gene or position of inserted GUS gene on the gen-
ome affected negatively on the GUS gene expression
in some (G418-resistant calluses.

In the case of calluses cotransformed with pActlD
containing Act/-GUS fusion construct and pGA643
containing NPTII gene, 27 calluses out of 60 showed
blue coloration after staining, suggesting that about
45% of the selected calluses were cotransformed by
pActiD and pGA643. This result suggests that the
cotransformation method can be utilized to deliver
unlinked useful genes into plant cells.
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PCR analysis and Southern hybridization of
transformed calluses

To confirm the presence of foreign genes in the
selected calluses, PCR analyses were performed
using genomic DNA isolated in each callus and prim-
ers for the coding regions in either the GUS or
NPTII gene. In PCR analysis using primers for GUS
coding region, except for untransformed control cal-
luses, all (G418-resistant calluses transformed with
pLS201 showed amplification of the 0.86 kb frag-
ment (Fig. 2A). It was confirmed in subsequent South-
ern hybridization that the PCR products agreed
with part of the GUS coding region (Fig. 2B). This
result indicates that antibiotics G418 inhibited en-
tirely growth of untransformed control calluses, sug-
gesting that 100 mg/L of G418 is proper concentra-
tion to select transformed calluses.

The GUS-expressing calluses cotransformed with
pActlD and pGA643, using primers for GUS and
NPTII genes, respectively, were analyzed. In PCR
analysis, the presence of amplification of the 0.86
kb and 0.7 kb [ragments, representing GUS and NP-
TII coding regions, resepectively, was confirmed in
all tested (Fig. 2C). This result indicates that GUS-
expressing (G418-resistant calluses were truly trans-
formed with the two plasmids.

Quantitative analysis of GUS activity in trans-
formed calluses with CaMV 355-GUS or Actl-
GUS

We previously analyzed the activity ol constructs
containing different promoter-sequences fused with
the GUS gene in transformed rice cells through tran-
sient GUS assay, and ascertained that the rice Act]
promoter showed the strongest expression among
them (Jeon er al, 1994). In this paper, we carried
out fluorometric analysis using the substrate MUG
to determine the level of GUS expression in the cal-
luses stably transformed with either pL.S201 or pActl
D. Tables 1 and 2 show the results of these analyses
in two cultivars. The calluses transformed with Acrl-
GUS construct showed that GUS activities were ap-
proximately 100- and 150-fold higher in all of the
two cultivars than those transformed with CaMV
355-GUS construct. It was also observed that no sig-
nificant difference in GUS activity between two cul-
tivars was shown. The untransformed control callus-
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Fig. 2. A, Agarose gel electrophoresis of PCR-amplified
fragment of calluses (cv. Scomjinbyeo) transformed with
pLS201 wsing primers for the GUS gene. Lane M, lambda
DNA digested with HindIIl; Lane C, DNA from untrans-
formed callus; Lanes 1-9. DNA from cach transformed
callus; Lane P, pLS201; Lane N, no DNA; Lane L. 1 kb
DNA ladder. B, Southern blot analysis for PCR product
separated in (A). Hybridization was cartied out using DIG-
labelled GUS probe. C, Agarose gel electrophoresis of PCR
products of calluses (cv. Dobongbyeo) transformed with
pActlD and pGA643 using primers for either GUS gene
or NPTII gene. Lanc PL. pActlD; Lane P2, pGAM3; La-
nes 1/2, 3/4, 5/6, 7/8 and 9/10, DNA from 5 transformed
calluses. (Lanes P1. 1. 3. 5. 7 and 9 for GUS primers: Lanes
P2, 2. 4, 6, 8 and 10 for NPTII primers). Lanes M and
L are identical with in (A).
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Table 1. GUS activitics measured in protein extracts from
stably transformed calluses transformed with pLS201 in
ricc cvs. Seomjinbyeo and Dobongbyeo

Callus line cv. Seomjinbyeo  cv. Dobongbyeo

Untransformed <10 <1(¢
1 1.109.47 1,043.15
2 293.58 226.12
3 831.83 151.68
4 54547 343.06
5 37067 642,11
Mean 630.20 481.22

“3US activity is expressed as pmol MU-mg protein™'-

min~".

Table 2. GUS activities measured in prolein extracts from
stably transformed calluses cotransformed with pActlD
and pGA643 in rice cvs. Seomjinbyeo and Dobongbyeo

Callus linc Seomjinbyeo Dobongbyeo
Untransformed <10 <10¢
1 178401.21 4021040
2 8,306.44 38,309.18
3 92,897.66 20,789.61
4 11,688.71 26,310.28
5 27.09 232,13675
Mean 58,364.22 71.551.24

sGUS activity is expressed as pmol MU-mg protein™'-

min "

Seed or Anther
3
Callus induction (2-3 months)
1
Cell suspension culture (2-3 months)
1
Particle bombardment
4
Seleclion of G418-resistant callus (2 months)
1
Callus propagation (2 wk)
1
Plant regeneration (1-2 months)
1
Root growth (2 wk)

Fig. 3. Time frame for processes in the production of trans-
genic rice plants. The times shown are averages for per-
formed in all cxpcriments.
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es hardly showed GUS activity. These results are
consistent with those analyzed through transient
GUS expression on the basis of GUS-expressing
spots (Chibbar et al, 1993; Jeon et al, 1994). We
showed obviously that the analysis of transient ex-
pression of a gene construct can be used instead
of that of gene expression in stably transformed cal-
luses.

Regeneration of rice plants from transformed
calluses

We previously established the particle bombard-
ment-mediated transformation system of rice em-
bryogenic cell suspension culture using a simple
homemade particle inflow gun (Jeon et al., 1994).
In this paper, to investigate expression patierns of
CaMV 358 and rice Act! promoters in vivo, we pro-
duced transgenic rice plants from calluses transform-
ed with CaMV 358-GUS or Acrl-GUS fusion cons-
truct by particle bombardment method.

Fig. 3 represented the steps of the transformation
process producing transgenic rice plants, whose re-
quired time period was 8-11 months. It was very im-
portant to propagate the G418-resistant calluses in
liquid medium prior to transferring them onto a re-
generation medium, and to add 1.6% agar to the
regeneration medium for obtaining many fransgenic
plants (data not shown). These steps in our proce-
dures are different from those previously published
(Abdullah e al., 1986; Zhang and Wu, 1988; Battraw
and Hall, 1992).

It is suggested that the calluses cultured in liquid
medium without antibiotics, which showed a rapid
growth and an active metabolism ol cells, are main-
tained as embryogenic calluses having a high re-
generation ability. Most of them showed a high acti-
vity in in situ GUS assay (Fig. 4A). It was observed
that the calluses on a regeneration medium contain-
ing 1.6% agar formed multiple embryo-like structures
and showed slow growth of calluses when compared
to those on a medium containing 0.8% agar. We
speculate that the osmotic stress on the calluses,
which may have resulted from the high concentra-
tion of agar. non-penetrating osmotic agent, had a
good effect on their regeneration.

Within 2 wk after the calluses were transferred
onto a regeneration medium, green spots were first
observed on some calluses. These spots developed
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Fig. 4. A, In sirt GUS staining of calluses (cv. Seomjinbyeo)
transformed with pLS201 which were propagated in N6D
liquid medium. B, GUS staining in the young leaf of un-
transformed (lefi) and transformed rice (right) (cv. Scomjin-
byeo) containing Acz/-GUS fusion construct. C, Green
plantlets are regeneraling [rom calluscs (cv. Dobongbyco)
cotransformed with pActlD and pGA643. D, Just before
being transferred to soil, transgenic plants with strong roots
were photographed. These plants which were induced in
(C) were grown on the rooting medium for 2 weeks. Bar=
10 mm.

into tiny shoots 3-4 wk from initial culture (Fig. 4C).
Most roots developed bilaterally and simultaneous-
ly from the bases of shoots, whose appearance was
similiar to embryogenesis (Fig. 4C). We analyzed
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Fig. 5. Agarose gel electrophoresis of PCR-amplified (rag-
ment of plants transtormed with pLS201 or pActlD using
primers for either the GUS or NPTH gene. Lanc L, 1 kb
DNA ladder; Lane Pl, pL8201; Lanc C. DNA from un-
transformed callus; Lanes 1-2, DNA from each plant trans-
formed with pLS201: Lanc P2, pGA643; Lanc P3, pActlD:
Lanes 3/4, 5/6 and 7/8 DNA from 3 plants transformed
with pActlD and pGA643. (Lancs PL, C. 1. 2. P3. 4, 6
and 8 for GUS primers; Lanes P2, 3. 5 and 7 for NPTII
primers).

Fig. 6. Histochemical localization of GUS activity in leaf
blades, leaf sheaths and roots of rces transformed with
CaMV 3358-GUS or Acr/-GUS construct. A, Transverse se-
ction of lcaf blade of rce transformed with CaMV 3358-
GUS. B, Transverse section of leafl blade of dee transform-
ed with Act/-GUS. C. Transverse scction of leaf sheath
of rice transformed with CaMV 355-GUS. D. Transversc
section of leaf sheath of rice transformed with Ac7-GUS.
E. Large vascular bundle of A. F. Large vascular bundle
of B. G, Large vascular bundle of C. H, Large vascular
bundle of D. I, Stomatal cell in leaf of rice transformed
with CaMV 338-GUS. J, Stomatal ccll in lcaf of rice trans-
formed with 4¢t/-GUS, K. Root of rice transformed with
CaMV 355-GUS. L. Root of rice transformed with Actl-
GUS. M. Transverse section of K. N. Transversc scction
of L. b, bulliform ccll: bs, bundle sheath cell; e, epidermis:
g, guard cell; 1. large vascular bundle: Ir, lateral root; m.
mesophyll cell: mx, metaxylem trecheary elements; p,
phloem cell; rc, root cap: rh, root hair; s, small vascular
bundle; sc, subsidiary cell: xp, xylem parenchymal cell.
Bar=50 wm (A, B, C and D). 20 ym (E, F, G and Hj,
10 um (I and J) and 50 pm (K. L. M and N).



GUS Expression by CaMV 358 and Rice Act! Promoters

September 1994




378 Jong-Seong Jeon et al.

the transgenic plants by in situ GUS assay at this
stage (Fig. 4B). It was found that a leaf of a trans-
genic plant stained rapidly (right in Fig. 4B), whereas
a leaf of an untransformed plant displayed no stain-
ing (left).

It is very important to obtain plants containing
strong roots prior to transferring the regenerants to
soil. The rooting medium containing 1 mg/L. NAA
used in our procedures developed strong roots in
the regenerants (Fig. 4D) when compared to those
grown without plant growth regulators (data not
shown). This step is also different from those pre-
viously published (Abdullah e al., 1986, Zhang and
Wu, 1988; Battraw and Hall, 1992) which did not
use plant growth regulators at this stage.

It was observed that albino plants were produced
with a high frequency in cv. Seomjinbyeo, whose
cell suspensions were originated from anther-derived
calluses, compared to cv. Dobongbyeo whose cell
suspensions were originated from seed-derived cal-
luses. We have previously reported that albino plants
were produced from anther-derived calluses with a
high frequency (Kim et al., 1993).

To confirm the presence of foreign genes in trans-
genic rices, PCR analyses were performed using gen-
omic DNA isolated in each plant and primers for
the coding regions in either the GUS or NPTII gene.
In PCR analysis using primers for GUS coding re-
gion, except for untransformed control plant, all
plants transformed with pL.S201 showed amplifica-
tion of the 0.86 kb fragment (Fig. 5). In case of all
plants cotransformed with pActlD and pGA643 the
presence of amplification of the 0.86 kb and 0.7 kb
fragments, representing GUS and NPTII coding re-
gions, resepectively, was also confirmed (Fig. 5).

Histochemical analysis of transgenic plants con-
taining CaMV 358-GUS or Actl-GUS

To determine the expression pattern of CaMV 358
and rice Actl promoters, the leaf blades, leaf sheaths
and roots of the transgenic rice, cv. Seomyjinbyeo,
were sectioned and stained histochemically by X-
gluc (Fig. 6). In general, the materials from plants
transformed with Act/-GUS fusion stained much
faster than those from plants transformed with
CaMV 3558-GUS.

In leaf blades and leaf sheaths of plants trans-
formed with CaMV 358-GUS construct it was found
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that strong GUS activity was detected in paren-
chymal cells of vascular tissue and mesophyll cells,
whereas little or no CaMV 358 promoter activity was
detected in epidermal cells, guard cells, subsidiary
cells, bundle sheath cells, bulliform cells or metaxyl-
em tracheary elements (Figs. 6A, C, E, G and I).
In contrast, leaves of a plant transformed with Aczi-
GUS construct revealed very strong GUS activity
in parenchymal cells of vascular tissue, epidermal
cells, mesophyll cells, bulliform cells, guard cells and
subsidiary cells, whereas little or no staining was
observed in bundle sheath cells or metaxylem tra-
cheary elements (Figs. 6B, D, F, H and J). In all
of the transgenic plants, both large and small vascul-
ar bundles showed similar expression patterns of the
GUS gene (Figs. 6A. B, C and D). No significant
difference in the expression pattern of GUS between
leaf blades and leaf sheaths was observed.

In the roots, early staining of tips in the incuba-
tion period was observed (Fig. 6K). In the materials
transformed with CaMV 358-GUS construct, strong
GUS activity was detected mainly in parenchymal
cells of vascular tissue whereas the weaker activity
of the CaMV 358 promoter was detected in epider-
mal cells and cortex cells. However, little or no stain-
ing was observed in metaxylem tracheary elements
{Fig. 6M). The lateral roots showed a pattern of
staining similar to that of the larger sectioned roots
(Fig. 6M). In contrast, transverse sections of roots
of the plants transformed with Act7-GUS fusion
construct revealed strong staining in most cells in-
cluding the parenchymal cells of vascular tissue,
epidermal cells and cortex cells (Fig. 6N) except that
metaxylem tracheary elements little stained. In addi-
tion to the root tip and the zone of root elongation,
we found intense GUS staining around the site of
secondary root formation (Fig. 6L).

These results corroborate reports that the activity
of the CaMV 358 promoter in vegetative organs of
transgenic rice was localized mainly in and around
the vascular tissues (Battraw and Hall, 1990; Terada
and Shimamoto, 1990), and that the activity ol the
rice Aczl promoter was detected in almost all types
of cells except for metaxylem tracheary elements of
leaves and roots (Zhang et al., 1991). Therefore it
is concluded that the rice Actl promoter is more con-
stitutive than the CaMV 35S promoter. Furthermore,
our results can be strongly supported in that the
comparative analyses of GUS activity directed by
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both promoters were performed for the first time in
transgenic rice of an identical cultivar.

In conclusion, it is suggested that the rice Actl
promoter can be utilized more successfully for the
expression of a variety of foreign genes in rice than
the CaMV 35S promoter. Presently we have obtained
more than 70 green plants from the transformed cal-
luses and some of them are now growing to set seeds
in a greenhouse.

ACKNOWLEDGEMENTS

This work was supported by the Basic Science Research
Institute Program, Ministry of Education, Republic of
Korea, 1992, project No. BSRI 92-406.

LITERATURE CITED

Abdullah, R., E.C. Cocking and J.A. Thompson. 1986. Effi-
cient plant regeneration from rice protoplasts through
somatic embryogenesis. Biotechnology 4: 1087-1090.

An, G., P.R. Ebert, A. Mitra and S.B. Ha. 1988. Binary
vectors. In Plant Molecular Biology Manual, S.B. Gel-
vin and R.A. Schilperoort (eds.). Kluwer Academic
Publishers, Dordrecht. A3: pp. 1-19.

Battraw, M.J. and T.C. Hall. 1990. Histochemical analysis
of CaMV 358-B-glucuronidase gene expression in
transgenic rice plants. Plant Mol Biol. 15: 527-538.

Battraw, M. and T.C. Hall. 1992, Expression of chimeric
neomycin phosphotransferase II gene in first and sec-
ond generation transgenic rice plants. Plant Sci 86:
191-202.

Bradford, M.M. 1976. A rapid and sensitive method for
the quantification of microgram quantities of protein
utilizing the principle of protein dye binding. Anal
Biochem. 72: 248-254.

Chibbar, R.N., KK. Kartha, R.S.S. Datla, N. Leung, K. Cas-
well, C.S. Mallard and L. Steinhauer. 1993, The effect
of different promoter-sequences on transient expres-
sion of gus reporter gene in cultured barley (Hordeum
vulgare L.) cells. Plant Cell Rep. 12: 506-309.

Christou, P., T.L. Ford and M. Kofron. 1991. Production
of transgenic rice (Oryza sativa L.) plants from agro-
nomically important indica and japonica varictics via
electrical discharge particle accelcration of exogenous
DNA into immature zygotic embryos. Biotechnology
9: 957-962.

Chy, C.C., C.C. Wang, CS. Sun, C. Hsu, K.C. Yin, C.Y.
Chu and F.Y. Bi. 1975. Establishment of an efficient
medium for anther culture of rice through compara-
tive experiments on (he nitrogen sources. Sci. Sin. 18:
659-668.

Fromm, M.E., F. Morrish, C. Armstrong, R. Williams, J.

GUS Expression by CaMV 355 and Rice Actl Promoters 379

Thomas and T.M. Klein. 1990. Inheritance and expres-
sion of chimeric genes in the progeny of transgenic
maize plants, Biotechnology 8: 833-839.

Gordon-Kamm, W.J., T.M. Spencer, M.L. Mangano, T.R.
Adams, R.J. Daines, W.G. Start, J.V. O’Brien, S.A.
Chambers, W.R. Adams, N.G. Willetts, T.B. Rice, C.J.
Mackey, R.W. Krueger, A.P. Kausch and P.G. Lemaux.
1990. Transformation of maize cells and regeneration
of fertile transgenic plants. Plamr Cell 2: 603-618.

Hamill, J.D., S. Rounsley, A. Spencer, G. Todd and M.J.C.
Rhodes. 1991. The use of the polymerase chain reac-
tion in plant transformation studies. Plant Cell Rep.
10: 221-224.

Jefferson, R.A. 1987. Assaying chimeric genes in plants:
the GUS gene fusion system. Plant Mol Biol Rep. 5.
387-405.

Jeon, J.-S., H.-S. Jung, S.-K. Sung, J.S. Lee, Y.D. Choi,
H.-J. Kim and K.-W, Lee. 1994, Introduction and exp-
ression of foreign genes in rice cells by particle bom-
bardment. J. Plant Biol 37: 27-36.

Jeon, J.-S. and K.-W. Lee. 1992, Plant regeneration from
protoplasts of seed-derived callus of rice (Oryza sativa
L). Korean J. Plant Tissue Cult 19: 13-17,

Kim, Y.-S., J.-S. Jeon and K.-W. Lee. 1993. Plant regenera-
tion from rice microspore cultures. Korean J Bot 36:
183-192.

Kyozuka, J., H. Fujimoto, T. Izawa and K. Shimamoto. 1991.
Anaerobic induction and tissue-specific expression of
maize Adhl promoter in transgenic rice plants and
their progeny. Mol Gen. Genet. 228: 40-48.

Lee, K.-W. and S.-K. Sung. 1992. Transformation of plant
cells by gene transfer: Construction of a chimeric gene
containing deleted maize alcohol dehydrogenase int-
ron and B-glucuronidase gene and its expression in
potato. Korean J Bor. 35: 237-245,

McElroy, D., W. Zhang, J. Cao and R. Wu. 1990. Isolation
of an efficient actin promoter for use in rice transfor-
mation. Plant Cell 2: 163-171.

Murashige, T and F. Skoog. 1962. A revised medium for
rapid growth and bioassays with tobacco tissue culture.
Physiol. Plant. 15 473-497.

Omirulleh, S., M. Abrahdm, M. Golovkin, L. Stefanov, M.K.
Karabaev, L. Mustardy, S. Mérocz and D. Dudits. 1993.
Activity of a chimeric promoter with the doubled
CaMV 358 enhancer element in protoplast-derived
cells and transgenic plants in maize, Plant Mol Biol.
21: 415428,

Peterhans, A., S.K. Datta, K. Datta, G.J. Goodall, L. Potry-
kus and J. Paszkowski. 1990. Recognition efficiency of
Dicotyledonae-specific promoter and RNA processing
signials in rice. Mol Gen. Genet. 222: 361-368.

Southern, EM. 1975 Detection of specific sequences
among DNA fragments separated by gel electrophore-
sis. J. Mol Biol 98: 503-517.

Sung, S.-K., S.-B. Choi, J.-S. Jeon, M.C. Park and K.-W.
Lee. 1994. Expression patterns of CaMV 358 promoter-
GUS in transgenic potatoes and their clonal progenies.
J. Flant Biol 37: 17-25.



380 Jong-Seong Jeon er al. J. Plant Biol.,, Vol. 37, No. 3

Terada, R. and K. Shimameto. 1990. Expression of CaMV Actl 5 region activity in transgenic rice plants. Plant
358-GUS gene in transgenic rice plants. Mol Gen. Gen- Cell 3: 1155-1165.
et. 220: 389-392. Zhang, W. and R. Wu. 1988. Efficient regeneration of trans-
Vasil, V., V. Srivastava, A.M. Castillo, M.E. Fromm and genic plants from rice protoplasts and correctly regu-
LK. Vasil. 1993, Rapid production of transgenic wheat lated expression of the foreign gene in the plants.
plants by direct bombardment of cultured immature Theor. Appl. Gener. 76: 835-840.
embryos. Biotechnology 11: 1533-1558.
Zhang, W., D. McElroy and R. Wu. 1991. Analysis of rice (Reccived August 4, 1994)

RzgimEl BollA] CaMV 355 Z20E U B Act ZEREJ0| 28t GUSS| FIR

Mo ¥ -2 & M-8 F & % 8% -8 R-W-F & K
NEAREE BARERE LYK, 15 FEWER. BEESNELE BIEH

5 2

Blo| A CaMV 358 Z2RE e ¥ o] 22289 dd e zALeY] 95k CaMV 358-GUS F34 249} Actl-
GUS $3771 909 F448 AF48 53z, gy 33 2 zHged 4L A&k ¢
PAARD B29) GUS FFRANA ¥ 4ol TRREY BAo] CaMV 355 Z2RE R} F3ith 22887
BA A3k CaMV 358 L2EHE 43 B Aow FRAAE 2 99 EAENA F2 TEHA) o] 2Fe
AAGHEY LA Aas} falaigch olels tlzAo® W 4q] T2 ¥EE 49 U AN, A
SAE, BAAE, $54 X 73 FHATY FAE g Ralg giREo) Ao gP=on, o)t ¥
Aol Z2RE7F CaMV 358 Z2 2B HT} o thokdt A FoA wdEL oajgit) £33 o B W) R He)Ae
F A Z2REH 2% HEH7] &85 H¥ladn) oj2d 2422 HoA $-47 fAAy 2@ JFHME
W Ag] Z2RE7)} CaMV 358 ZETEHc} £8388 ougl

Zq0]: GUS, CaMV 355 Z2ZRE W Aol ZEDEH, FAH38Y o

*TAAZ: Fax (02) 8726881



