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Expression of gusA in Rice Calli Mediated by Deletants
of Rice Repetitive DNA Sequence RRD3
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Abstract: Rice repetitive DNA sequence RRD3 and its six serial deletants were inserted into the promoter-capture
vector of plants. Thus, gusA gene can be used to assess the promoter activity of inserted DNA. The promoter
activities of serial deletants were detected after co-culture of rice calli with Agrobacterium LBA4404 containing
different recombinant DNA by transient GUS (beta-glucuronidase) assay. The results indicated that total length of
RRD3, 410 bp and 150 bp deletants had stronger promoter activities, while the promoter activities in 700 bp and
120 bp deletants were reduced. There are some positive/negative control elements in RRD3 sequence.

Key words: Rice; Plant promoter; Transient expression; GUS histochemical assay

The kinetics of reassociation reaction indicated
that over 50% of the plant genome contained many
repetitive sequences presenting in different copies!).
Recent studies indicated that many eukaryotic gene
expressions were controlled by the repetitive tandom
sequences in 5’ untranslated regions or by the
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repetitive sequences in introns. The repetitive
sequences played an important role in regulation of
gene expression®. Ott and Hansen® have identified
some enhancer fragments from repetitive sequences in
Arabidopsis thaliana with GUS assay.

RRD3 was a moderately repetitive DNA
sequence isolated from rice genome by reassociation
kinetics and S1 enzyme digestion. After the fragment
was inserted into the promoterless vector pKK175-6,
the promoter activity of RRD3 was determined in E.
coli™, The total length of RRD3 is 820 bp containing 4
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TATA boxes —the promoter characteristic sequence.
Six serial deletants of RRD3 based on the TATA
boxes deletion in turn were cloned into CAT
(chloramphenicol acetyltransferase) vector and used to
transfect the CHO (Chinese hamster ovary) cell line.
By CAT analysis in transfected CHO cell line, these
deletants appeared to have very different promoter
activities®.

We have replaced the 35S promoter of Ti
vector pBI121 with RRD3, then transformed the
reconstructed plasmid into tobacco and rice calli by
the Agrobacterium tumefaciens mediated method.
The promoter activity of RRD3 in plants was
determined by the expression of gusA gene in the
transformed tobacco and rice calli®.. For study of the
regulatory pattern of RRD3, in this paper serial
deletants of RRD3 from 5’ end were inserted into the
multiple cloning site of plant promoter checking
vector pCAMBIAI391Z.
mediated by LBA4404, the promoter activities of
serial deletants in rice calli were assayed.

After transformation

1 Materials and methods

Plant material

Oryza sativa L. subsp.

Japonic (Taipei 309).
Strain and vectors E. coli DHSa;
Agrobacterium tumefaciens LBA4404,

CAMBIA13917/1381Z; CAMBIA1301Z.

Construction of the promoter checking
plasmids in plants The RRD3 fragment was
isolated from pKK175-6 (Pharmacia) by EcoR | &
Hind 1l (Takara) digestion, then inserted into
pCAMBIA1381Z in forward/ direction. The serial
deletants of RRD3 were is'(ol'lated from the animal
promoter checking vector p(’lAT—Basic (Promega) and
inserted into pCAMBIA1391Z. pCAMBIA1381Z and
pCAMBIA1391Z (gift from Dr. Yin Zhongchao) were
designed for promoter checking in plants, there was nc
promoter element upstream to gusA gene.

Extraction, purification, digestion, ligation
and transformation of the plasmids The

methods described in Molecular Cloning 2nd ed "9
were used.

d. ¢ GRS e DR

Transformation of A. tumefaciens LBA4404
by frozen-thawed method A. tumefaciens
LBA4404 was transformed according to the method of
Dityatkin!!8,

Development of rice calli The mature rice
seeds being stripped of seed coats were sterilized for
30 minutes in 20% (V/V) NaClO solution, then
washed by sterilized water many times, cultured on
MSD medium (2,4-D 40 u g ml") to develop callus
(26 -29°C, about 2 weeks in dark). Select the
embryogenic calli.

Transient GUS histochemical assay in rice
calli Rice calli were co-cultivated with A.
tumefaciens LBA4404 for 3 days. After being washed
5 -10 times with sterilized water, the calli were
immersed into the GUS chromogenic solution
(K;Fe(CN)s 5 mmol/L, K, Fe(CN)s 5 mmol/L, NaH,PO,
100 mmol/L, X-Gluc (Amresco) 0.3(W/V), pH 7.0),
incubated at 37°C for 2—4 hours. After chromogenic
reaction rice calli were rinsed with 70% ethanol, then
observed by microscopy and taken photographs. In
chromogenic reaction the strict control was needed to
check the background signals.

2 Results

2.1 Construction, transformation and identifi-
cation of the recombinant pCAMBIA
containing RRD3 and its serial deletants
RRD3 fragment and serial deletants were isolated

by appropriate restriction digestion and inserted into
pCAMBIA1381Z or pCAMBIA1391Z. All the target
fragments located in the 5’ region upstream to gusA
gene. Then the recombinant plasmids were used to
transform E. coli DH5 o and the transformants were
identified by Amp resistance. The plasmid DNA were
extracted and identified by electrophoresis afier RE
digestion. The clones inserted in forward direction
were entitled pCRRD3, pC700, pC410, pC150 and
pC120 according to the length.

2.2 Transformation of A. tumefaciens LBA4404
with pCRRD3 and its serial deletants
A. tumefaciens LBA4404 was transformed with
recombinant plasmids containing RRD3 and serial
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deletants by frozen-thawed procedure. Promoterless
pCAMBIA1391Z was used as the negative control in
GUS histochemical assay and pCAMBIA1301Z
(containing CaMV 35S) was used as the positive
control. Both were transformed into A.
LBA4404.

The transformed 1BA4404 strains were
identified with gus-PCR. Because there was no inner
gusA gene in A. tumefaciens, the transformants in
which gus fragment can be amplified must contain the
foreign DNA. So we designed a pair of PCR primer in
the 400-420 and 1579 -1599 region of gusA gene,
respectively. In transformants the 1.2 kb product was
generated by gus-PCR while no PCR product was
generated in untransformed LBA4404 (Figure 1).

tumefaciens

Fig. 1 Product of gus-PCR with LBA4404 as template
M: DL-2000 marker; 1-6: LBA4404 transformed with pC1301,

PCRRD3, pC700, pC410, pC150 and pC120, respectively, as
template; 7: untransformed LBA4404 as template

2.3 Transient GUS histochemical assay in rice calli
Rice calli were co-cultivated for 3 days with A.
tumefaciens LBA4404 containing RRD3 and serial
deletants, then washed by sterilized water for 5-10
times and immersed into the GUS chromogenic
solution. Calli were selected randomly for GUS
histochemical assay. The chromogenic activity was
different in rice calli co-cultivated with A. tumefaciens
LBA4404 containing different plasmids (GUS activity
was assessed by number and intensity of the blue foci
on surface of calli): Chromogenic reactions were not
detected in untransformed calli or rice calli
co-cultivated with LBA4404 ( pCAMBIA1391Z).
Strong GUS positive reactions were observed in calli
co-cultivated with LBA4404 ( pCAMBIA1301,
pCRRD3, pC410 and pC150) while weak GUS
positive reactions with pC700 and pC120 (Figure 2).
These results indicated that there existed not only the
core eclement

/

promoter but also
positive/negative regulatory elements for promoter in
RRD3 sequence.

of plant

3 Discussion

3.1 Comparison of promoter activity of RRD3
and serial deletants in CHO cells and in
rice calli
Above results and our former report® indicated

E F
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Fig. 2 Transient expression of GUS in Taipei 309 calli after co-cultivation with A. tumefaciens LBA4404

Rice calli co-cultivated with A: LBA4404 (p C1301); B: LBA4404 (pCRRD3); C: LBA4404 (pC700);
D: LBA4404(pC410); E: LBA4404 (pC150); F: LBA4404 (pC120); G: LBA4404 (pC13912);

H: Untransformed rice callus
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that there were promoter elements for plants and
promoter elements for animals in RRD3 fragment, but
the regulatory pattern of the promoter was different in
animal cells compared with that in plant cells (Table 1)

Table 1 Comparison of promoter activities of RRD3 and
serial deletants in different host cells

Length of DNA  Contained Promoter activity
fragment (bp) TATA box CHO Rice calli
" 820 12,34 -+ -+
700 1234 -+ +
410 34 - -+
150 4 -+ -
120 - + ++

Total RRD3 (820 bp) had strong promoter
activity in CHO cells and in rice calli, but promoter
activities of serial deletants of RRD3 were very
different in CHO cells and in rice calli. After 100 bp
fragment from 5’ end was deleted, the promoter
activity of deletant in CHO cells was weakened a little
while promoter activity in rice calli was weakened
significantly. This result indicated that there was a
positive regulatory element in the 100 bp region, but
its regulatory efficiency in animals differed from that
in plants. Interestingly, after 410 bp fragment
(containing the second TATA box ) was deleted, the
promoter activity in CHO cells was depressed, but the
activity in rice calli was retrieved. The conclusion
showed that there existed an negative regulatory
element for plant promoter in the 100410 bp region
from 5’ end, deletion of this region caused retrieval
of the activity of plant promoter; but in CHO cells this
region had positive regulatory efficiency to its
downstream element and the downstream element’ s
activity was lost after deletion of this region. After the
670 bp region from 5’ end (containing 1, 2, 3 TATA
boxes) was deleted, the promoter activity of deletant
was still strong in rice calli and the promoter activity
in CHO cells was retrieved. This indicated that the
forth TATA box was related to the promoter activity
in animal cells and plant cells while an negatively
regulatory element existed in 411 - 670 bp region
depressed the activity of animal promoter.

Two primary conclusions can be made. First, two

regulatory elements of eukaryotic promoter presented
in RRD3 sequence. The element in 100-410 bp region
was positive to animal promoter but was negative to
plant promoter; another element in 411-670 bp region
was negative only to animal promoter. Second, there
was at least one promoter related to TATA box (the
forth TATA box) in RRD3 sequence, but the
regulatory pattern of the promoter in animal cells
seemed to be different from that in plant cells. Further
serial deletion of RRD3 from 3’ end will help analyze
the relationship between promoter activity and other
TATA boxes. -

3.2 GenBank analysis of RRD3 sequence

Result from GenBank Blast search indicated that
about 554-820 bp region of RRD3 was homologous to
conjectured intron of some sequences published in
GenBank.

Table 2 Comparison of homology between RRD3 and
sequences in GenBank

Region of

N Homology
RRD3 ) %)
554-820bp Conjectured intron of PO434D08 9%6%
554-820bp Conjectured intron of BI804283 100%
554-820bp Conjectured intron of BI801267 99%
554 - 820 bp Conjectured intron of BI804243 99%
554 - 820 bp Conjectured intron of BI803865 99%

* All homologous scquences were derived from rice (Onza sativa)

The promoter activity of eukaryotic intron was
firstly obtained in animal cells?2. The corresponding
paper about plant intron was published only recently:
The DNA construct containing only first intron and
first exon of maize Ubiquitin gene could promote the
expression of gusA gene in scutella of transgenic
wheat. After it was combined with promoter of maize
Ubiquitin gene, this construct could enhance the
expression of gusA gene significantly"”, In our results,
this DNA fragment derived from rice moderately
repetitive sequence also has promoter activity in rice
calli. Perhaps this sequence can function as promoter
when it exists as intron in rice genome. If the inference
is right, the unknown regulated gene and regulatory
mechanism will be an interesting topic for study.

With rapid development of plant molecular
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biology, more and more genes were determined by
gene cloning technology such as map clone, many of
which were related to agronomic traits. Current
research works are mainly to recombine these genes
with proper vector and transfer them into plants for
the improvement of agronomic traits. Among all
above problems, how to choose an appropriate
transformation vector with high efficient or tissue-
specific promoter is a key procedure. Therefore
isolation and identification of promoter elements for
plants will play a significant role in transgenic
research.

In this paper the promoter activities of rice
repetitive sequence RRD3 and its serial deletants are
assayed qualitatively. Further quantitative analysis and
site-directed mutation will contribute to determination
of regulatory elements in RRD3.
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