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Expression Pattern of UidA Gene under the Control of Rice Glutelin
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Abstract In order to study the expression pattern of rice glutelin endosperm specific promoter in Chinese cultivar Zhonghua 8

Oryza sativa L.subsp japonica  UidA gene was fused with rice glutelin GluA-2 gene 5'upstream sequence 2.3 kb and 750 bp
upstream respectively and transferred into rice by Agrobacterium mediated transformation. Southern blot indicated that UidA gene
was integrated into the genome of transgenic plants as single copy. Northern blot demonstrated that the expression of UidA gene and
endogenous GluAd-2 gene reached their highest level at 13 ~ 15 days and 11 ~ 13 days after pollination respectively and then de-
clined . Histochemical staining of immature transgenic rice seeds showed UidA gene was specifically expressed in endosperm and the
highest level GUS expression was observed in aleurone layer. Quantitative analysis of GUS activity showed seeds GUS activity of that
2.3 kb transgenic plant was about two to three folds of those of 750 bp transgenic plant. Sequence analysis suggested that the G-box
located in the —2 170 bp from transcription start site may be a quantitative cis-element.
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Glutelin is the major seed storage protein of rice and
accounts for about 80% of the endosperm protein which

is encoded by a small multigene family and comprise at

2003-05-28
1975 -

2003-11-18

least 8 members per haploid genome ' . These genes are
classified into two subfamilies as GluA and GluB. GluA
contains GluA-1 Gt2 GluA-2 Gtl  GluA-3 Git3 and
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GluA-4 genes. GluB contains GluB-1 GluB-2 GluB-3
and GluB-4 genes. The GluA-4 and GluB-4 are pseudo-
genes. During endosperm development these genes are
highly specifically expressed in rice endosperm. So far
several regulatory elements such as Prolamine box

TG t/ale AAA g/t ACGT motif GTACGTGC AA-
CA motif AACAAACTCTATC GCN4 motif TG c/a
GTCA  G-box CACGTG and GCAA motif  g/c
CAAAA A/- TGA responsible for endosperm-specific
expression have been characterized >™* . Among them AA-
CA motif and GCN4 motif are conserved in all six glutelin
gene promoters. The AACA motif could suppress the ex-
pression of glutelin gene in vegetative tissue > . The GCN4
motif not only directs glutelin gene expressed specifically
in endosperm also positively affects promoter activity *°
The prolamine box repeats many times in 5’ upstream se-
quence of glutelin gene but it looks more like a negative
element ® . The ACGT motif G-box and GCAA motif may
be positive cis-elements.

The endosperm specific expression is a desirable
characteristic for controlling the expression of foreign pro-
teins because constitutive expression of foreign genes may
interfere with the plant development growth or reproduc-
tion in transgenic plants ' . Several genes such as bean [3-
phaseoline gene soybean ferritin gene and phytoene syn-
thase gene were introduced into rice under the control of
rice glutelin gene promoter. These genes were highly spe-
cifically expressed in rice endosperm and stably transmit-
ted to T, generation *™" .

Since almost all motifs are located in + 1 ~ — 500
bp region from transcription start site of glutelin pro-
moter sequence therefore it is enough for this fragment to
direct gene specifically expressed in endosperm®*° .
However Zheng et al "' reported that the expression effi-
ciency of glutelin GluA-2 gene was positively related with
the size of glutelin gene 5’ upstream sequence. While it
was deleted from 5.1 kb to 1.8 kb the attached UidA
gene expression decreased approximately 20-folds while
the deletion from 1.8 kb to 507 bp didn’ t reduce the
GUA activity. These results suggested that some quantita-
tive elements probably located between — 1.8 ~ —5.1 kb
GluA-2 gene upstream sequence.

In this paper we introduced rice glutelin GluA-2

gene 750 bp and 2.3 kb 5’ upstream sequence UidA fu-
sion genes into Chinese cultivar Zhonghua 8 Oryza sativa
L. subsp japonica . First we hope to investigate the ex-
pression pattern of GluA-2 gene promoter. Second to
identify whether the G-box that located between 1.8 kb
and 2.3kb GluA-2 gene 5’ upstream sequence was a

quantitative cis-element.

1 Material and Methods

1.1 Material

Oryza sativa ssp. japonica cv. Kinmaze and Zhong-

hua 8 were grown under greenhouse condition.
1.2 Methods

1.2.1 Isolation and sequencing of GluA-2 gene up-
stream sequence
The PCR primers were designed according to GluA-2

gene 5’ upstream sequence GenBank accession number

AC021891 .They are
Forward 23 5" TACTATCTGAGCATTCCCCGA 3’
Forward 75 5" AATGAAAGAAGATGTGGTG 3’
Reverse 5" ACTGAATGCTTTTTGTGAG 3'.
Forward 23 and reverse primers were used for ampli-
fying 2.3 kb fragment Forward 75 and reverse primers
were used for amplifying 750 bp fragment. pfu DNA poly-
Pyrobest TaKaRa Co. Litd Dalian  which has

proofreading activity was used to enhance the fidelity of

merase

PCR amplification. The amplification was programmed in a
PTC-100 thermocycler MJ Research Inc. Watertown MA
USA at 94°C for 5 min to allow denature of DNA fol-
lowed by 35 cycles of 94°C for 1 min 56°C for 1 min and
72°C for 2 min. The final extension step was 10 min at
72°C.

The PCR products were cloned into pGem-Teasy
Promega Madison WI USA

verify that no miscorporation had occurred in the DNA se-

vector and sequenced to
quence during PCR amplification.
1.2.2  Vector constructs

The 750 bp and 2.3 kb fragments were cloned into
GUS reporter gene cassette pDMC201.3 Kindly provided

by Dr. Jefferson CSIRO Australia cut with Apa | and
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Pst | . At last 2.3 kb and 750 bp fragments and attached
UidA gene and nos terminator were assembled into binary
vector PCAMBIA-1300 Kindly provided by Dr. Jefferson

CSIRO Australia cut with Kpn [ and Xba 1 thereby
creating plasmids p23GUS1300 and p75GUS1300 Fig.
1 .

BamHI Sacl Xbal
|750 bp sequence UidA gene Nos
2.3 kb sequence e UidA gene Nos

Fig.1 Expression cassettes of p75GUS1300
and p23GUS1300
UidA gene is about 2 kb Nos terminator is about 250 bp.

1.2.3  Agrobacterium-mediated transformation

The Agrobaterium strain LBA4404 harboring P23-
GUS1300 and P75GUSI300 were used to transform rice
calli induced from the mature embryos of a chinese rice
cv. Zhonghua 8 according to the method of Hiei et
al. ™ . All the transgenic plants were recovered from 50
mg/L. Hygromycine containing medium the resistant plants
were then transformed to soil.
1.2.4  Southern blot

Genomic DNA was isolated from leaves of putative
transgenic plants and untransformed plants according to
CTAB method * . After digested with both BamH I and
Sac I and BamH | only the DNA fragments were elec-
trophoresed in 0.8% agarose gel and blotted onto Hybond
N* membrane
according to manufacture described.The 2 kb UidA gene
was isolated by digestion of pDMC201.3 plasmid DNA
with BamH | and Sac | .The 2 kb UidA gene and Nos
terminator was isolated by digestion of pDMC201.3 plas-
mid DNA with BamH I and Xba [ . Both fragments were
labeled with *P-dCTP by the random priming method

Primer Glabeling system Promega and used as probes.

Amersham Buckinghamshire England

Hybridization and washing were carried out as standard
procedure.
1.2.5 Northern blot

Total RNA fraction was isolated from seeds of one
p75GUS1300 transgenic plant. The seeds of different de-
velopmental stages 6 9 11 13 15 17 20 days after pol-
lination were frozen in liquid nitrogen and cut longitudi-

nally. One half was treated with X-Gluc Sigma Aldrich

USA  to identify GUS expression seeds the other half of
GUS expressing seeds was used to extract RNA. The ex-
traction buffer was 0.1 mol/L. Tris-Cl1 pH 9.0 0.1
mol/L. NaCl 1% SDS. After exfraction the supernatant
was extracted by phenol/chloroform ethanol precipitation
and reprecipitated by 5 mol/L LiCl. Total RNA 20 pg
was resolved by electrophoresized on 1.2% agarose-form-
aldehyde gel and blotted onto Hybond-N* membrane ac-
cording to manufacture described . Hybridization and wash-
ings were carried out under strigent condition as Sambrook
et al " described.The 2 kb UidA gene and nos termina-
tor 1.7 kb rice glutelin GluA-2 gene cDNA fragment were
labeled with *P-dCTP by the random priming method
Primer G labeling system Promega as probes.
1.2.6 Quantitative analysis of GUS activity

Samples of leaf root and halves of 1 ~ 2 differently
developmental stage GUS expression seeds were stored at
—80°C prior to extraction for quantitative GUS analysis.
All tissues were ground in a microfuge tube with 55 pL
extraction buffer 0.1 mol/L. KH,PO, pH7.8 1 mmol/L
EDTA and 7 mmol/L 3-mercaptoethanol with a glass pes-
tle . Following spinning down of the cell debris by centrifu-
gation at 15 000 r/min for 15 min at 4°C 5 pL. of super-
natant was used for assaying GUS activities. The fluoro-
metric method was according to Jefferson et al °  de-
scribed and average values of GUS activities were record-
ed.
1.2.7 Histological GUS staining

The rice seeds were cut longitudinally and immersed
in X-Glue solution 0.1 mol/L. Na;PO, pH 7.0 0.5
mmol/L. K;Fe CN o 0.5 mmol/L K,Fe CN ¢ 10
mmol/L, EDTA 0.5 mg/mlL X-Gluc at 37°C for 2 ~ 3 h.
Then fixed by 75% ethanol.

2  Results

2.1 Southern blot and analysis of progeny of self

pollinated transgenic plants

To examine the integration pattern of transgene DNA
was extracted from leaf of transgenic plants and Southern
blot analysis was carried out. A mixture of BamH | and

Sac 1 and BamH [ were used to digest genomic DNA



284

Vol.31 No.3 2004

Acta Genetica Sinica

separately the results indicated that the transgene was
fully integrated into genome as single copy Fig.2 . The
GUS staining analysis of the seeds of transgenic plants
showed the inheritance of progeny of self pollinated trans-
genic plants according to typical mendelian seperation with
a3:1 ratio Table 1
sion obtained by Southern blot also.

. This result confirmed the conclu-
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Fig.2 Southern blot of transgenic plant
A Leaf DNA 30 pg  was digested by BamH I and Sac I and hy-
bridized with 2.0 kb UidA gene coding sequence B DNA digested by
BamH | and hybridized with 2.0 kb UidA gene and nos terminator.
M 1 kb ladder P plasmid N negative control 1 p23GUS1300
transgenic plant 2 3 p75GUS1300 transgenic plant.

Table 1 Mendelian inheritance of progeny of self
pollinated transgenic plant

GUS negative

Recorded Expected®  Recorded Expected
14 13.5 4 4.5 0.074
34 31.5 8 10.5 0.79

GUS positive
2 b

Transgenic plants

p23GUS1300/1
p75GUS1300/3

a Expected numbers were calculated assuming a 3:1 segregation b  Sig-

nificant values % 0.05=3.84.

2.2 Temporal and spatial expression analysis of

UidA gene

For understanding the temporal expression pattern of
UidA gene directly RNA was collected from differently
developmental seeds of one p75GUS1300 transgenic plant
and hybridized with UidA gene and glutelin GluA-2 gene
¢DNA sequence. The resultant Northern blot analysis was
shown in Fig.3 which indicated that the temporal expres-
sion pattern of UidA gene and endogenous GluA-2 gene
were distinct. At 6 days after pollination DAP  the tran-
scripts for UidA gene and GluA-2 gene were detected. At
15 DAP UidA gene transcripts reached a maximum level

and then declined during subsequent periods of seed de-

velopment . For the endogenous GluA-2 gene transcripts at

11-13 DAP attained a maximum level and then declined.

L Jl [ TS Y R - N I - N |

l‘ig.3 Temporal expression patterns of UidA and
GluA-2 gene mRNA during seed development
A Total RNA sample 20 p1g obtained from developing rice seeds at
69 11 13 15 17 20 DAP and probed with P labeled UidA gene
under strigent hybridization and washing condition B Total RNA
probed with ¥P labeled GluA-2 gene cDNA sequence C rRNA of
seeds of p75GUS1300 transgenic plant.

Similar results were obtained by GUS quantitative
analysis. At 17 DAP both p75GUS1300 and p23GUS1300
construct transgenic plants seeds GUS activities were
reached maximum level and rapidly decline through 20
DAP. Although the expression level was different by 2 ~ 3
folds between two constructs no difference in GUS activity
of roots was observed between two constructs transgenic
plants. However p23GUS1300 construct transgenic plants
leaves GUS those  of
p75GUS1300 construct Fig. 4 . This result was in good

agreement with former reports that the vegetative tissues

activities were lower than

GUS activities of transgenic plants were negatively corre-

lated with the size of glutelin gene promoter® " ' . This

Temporal expression palle.UitM gene in lransgenic plant
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Fig.4 GUS activity of different seed developmental
stage and different tissues of p23GUS1300 and
p75GUS1300 construct transgenic plants
From left to right mean transgenic rice seed of 6 9 11 13 15
17 20 DAP L R leaf and root of transgenic plant US seeds

of untransformed plant.


Absent Image
File: 0

Absent Image
File: 0


CHEN Yu et al. Expression Pattern of UidA Gene under the Control of Rice Glutelin GluA-2 Gene Upstream Sequence in 285

maybe due to some regulatory elements such as prolamine
box suppress glutelin gene expressed in vegetative tissues
located between 750 bp and 2.3 kb GluA-2 gene up-
stream sequence. Fig.5 showed UidA gene specifically ex-
pressed in endosperm tissue of both two constructs trans-
genic plants. At 6 DAP the staining was first observed in
the aleurone layer and then became denser. No staining
was observed in embryo or any other tissues . Similar re-
sults were obtained in the seeds of p23GUS1300 transgen-

ic plants Data not shown .

.Fig.S Histological staining of cross-section seeds
of p75GUS1300 transgenic rice plant
A From left to right mean transgenic rice seeds of 6 9 11 13
DAP B From left to right mean transgenic rice seeds of 15 17
20 DAP untransformed rice seed.

3 Discussion

The regulatory elements related to endosperm specific
expression were almost all located between + 1 ~ — 500
bp region and the fragment can direct the endosperm spe-
cific expression "' " . Whereas the quantitative cis-regula-
tory elements located in the distal region were not charac-
terized well. The G-box existed in six rice glutelin promot-
ers and rice globulin promoters were characterized as com-
mon cis-regulatory element which can cooperate with
GCN4 AACA or ACGT motif as essential cis-element di-
recting quantitatively high seed-specific expression in di-
cot transformation system > . In monocot system the rice
bZIP transcriptional activator RITA-1 was highly ex-

pressed in aleurone cells of rice endosperm and bound to

A- C- and G-boxes " . Another rice bZIP-type protein
REB was also bound to rice a-globulin promoter through a
G-box ¥ . Takaiwa et al ® found that three motifs
AACA GCN4  G-box like
GluB-1 gene highly efficient expression in endosperm.

were indispensable for

These proofs suggested that the G-box may be a binding
site of transactivators such as O, or O, like factor.

Zheng et al "' compared the GUS activities of 5.1
kb 1.8 kb and 507 bp GluA-2 gene upstream sequence
GUS fusion gene transgenic plants. Almost no difference in
GUS activity was found between 1.8 kb and 507 bp con-
struct transgenic plants however the GUS activity of 5.1
kb construc is about 20 folds of 1.8 kb construct. We an-
alysed the GluA-2 gene 5' upstream sequence using
OMIGA program Oxford Molecular Ltd. .No cis-regula-
tory elements that have been characterized in glutelin
genes was found between — 336 bp to —2 164 bp from
transcription start site except the prolamine box. Early re-
port have demonstrated that the mutation of prolamine box
in GluB-1 245 bp promoter caused UidA gene expression
efficiency to grow 4 folds and no positive correlation was
shown between the prolamine box and glutelin gene ex-
pression level ®® . This may explain why the same GUS
activities were obtained in 1.8 kb and 507 bp GluA-
2/GUS fusion gene transgenic plants. In region — 2 209 ~
-2 164 bp a prolamine box and a G-box were found.
Since G-box was a common cis-regulatory element as de-
scribed above combing with the result of higher GUS ac-
tivities obtained in p23GUS1300 construct transgenic pla-
nts hence a primary conclusion came that the G-box lo-
cated in — 2 141 bp of GluA-2 gene 5’ upstream se-
quence may be a key quantitative cis-element for the ex-
pression of UidA gene.Of course it needs further proof by
gain and loss of function experiments.

Takaiwa F et al " used tobacco to analyse the ex-
pression pattern of GluA-2 gene. Compared with theirs
similar results in our experiments were observed. GUS ac-
tivities of the transgenic plants seeds of rice and tobacco
both reached a highest level at 17 DAP and gradually de-
clined later. But until 12 DAP the GUS activities were
just detected in tobacco seeds. This meant the expression
pattern of glutelin gene in dicots system might be not com-

parable with that seen in monocots system. This result was
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in agreement with previous studies also.
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