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ABSTRACT

The aim of this work was to study the cloning ahdracterization of HMW-GS 1Dx2 promoter fromiticum
aestivum A 1050 bp partial promoter fragment including atgitive TATA box and 5’ encoding sequence of the
gene was cloned by amplifying the upstream seqsaigiag the nest-PCR with appropriate primérke analysis

of the promoter sequence against the PLACE (Pl@iacting Regulatory DNA Elements) database shothed
presence of certain putative endosperm-specificleggry cis-elements in the sequence along withTth&A and
CAAT boxes. The histochemical method detectedahsi¢nt expressions of GUS in the seeds of whibatresults
showed that HMW-GS 1Dx2 promoter had the endosgeeuific transcription activity in the wheat seeds.
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INTRODUCTION endosperm. WheddMW-GSgene promoters are,
in principle, ideal candidates to drive the tramsge

Cereal grains provide a significant proportion ofexpression in the cereal endosperm, as high levels

human proteins and calories intake. The use of thf the prolamin synthesis occur (cell expansion)

wheat flour in the production of leavened breadiuring the linear phase of the seed

products is dependant on the seed storage protei@velopment(Fordet al., 1985; Sugiyamaet al.,

(SSP) that accumulate in a developing wheat grait985; Halfordet al.,1987; Carmelat al.,2001).

because they play a pivotal role in the visco/alast

properties of dough. Unlike other cereals, only

wheat has a suitable combination of the seeM ATERIALSAND METHODS

storage proteins to produce the leavened bread

products(Shewry et al., 1994). The genetic Materials

transformation provides a means of introducingrhe seeds of Xiaoyan 6 were germinated and

the novel genes for modifying the cereal graigrown for 10-12 days without light in the

characteristics. For example, the transgenes can laboratory. The genomic DNA was isolated from

used to alter the relative amounts of the specifithe young leaves of Xiaoyan 6 by CTAB

proteins or starch components to make new anethod(Rogers & Bendich, 1994).

improved processed products. For this purpose, it

is essential to clone the promoters that drive high

levels of the transgene expression in the
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Amplification of HMW-GS gene promoter evolution analysis of the sequence obtained was
The homologous primers of thdMW-GS gene carried out for its chromosomal location with the
promoter for PCR on the genomic DNA was usedDNAstrar program.

Then a secondary PCR was done for cloning the

HMW-GS 1DxZromoter with the anchor primers. Wheat transfor mation

The anchor primers used in the reactions wer€éhe promoter-reporter construct(pMHG), the

Sense primer positive control pBI121 and the negative control
(5>GCGAAGCTIAGTGATGGCGTGAG<3) and pMG were transformed into wheat leaves and
Anti-Sense primer immature seeds via the particle bombardment

(5">TCGGATCCTCACCTTCAGCG<3). After following the standard protocols(Xu & Wei
each PCR, 1Ql of the PCR products was checked1998). The expression afidA gene under the
in a 1.5 % agarose gel. After the secondary PCR)fluence of different promoter constructs was
the relevant amplification products were elutedanalysed by the fluorometric assay(Jeffersbal.,
from the gel using the PCR DNA and gel bandl997).

purification kit (Sangon) and cloned into pMD18-

T vector(Takara). The inserts were sequenced by

Sangon. RESULTSAND DISCUSSIONS

Sequence analysis of the cloned fragment Amplification of HMW-GS gene promoter

The promoter sequence was analyzed by thia this study, the nest PCR approach was followed
PLACE program to clone theHMW-GSpromoter from the genome

(http://www.dna.affrc.go.jp/htdocs/PLACE/)  for DNA. After the second round of the amplification,
the theoretical identification of the regulatorythe approximately 1 kb long products were
element  binding sites against PLACEobtained (Fig. 1).

database(Higoet al., 1999). Moreover, the
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500bp

Figure 1 - Agarose gel electrophoresis after secondary PCRie Usl: molecular marker
DGL2000; Lane 1: PCR products (about 1K).

Motifsanalysis of the cloned fragment important motifs found included the CAAT box, A
Online BLAST analysis and ClustalW multiple ,B and C consensus sequence and CAC box along
alignment indicated that there were many with other putative transcription factor binding
sequences similarity of this sequence with othesites. The TATA box and CAAT box were
known HMW-GS promoter sequences. upstream sequence elements responsible for the
The sequence was analyzed for the presence of theper transcription event. A, B and C motifs were
plant cis-acting regulatory DNA elements throughconserved sequences concerning the cereal storing
the PLACE signal scanning. In Fig. 2, the presencprotein expression (Huargt al., 1995). Both A

of a TATA box was identified 91 bp upstream toand C were conservative elements in the
the translation start site of theMW-GS Other homogeneous sequence of the published wheat
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HMW-GS 5’ upstream. Furthermore , they haveconserved region of many cereal storing protein
middle conservation with 5’ upstream differentgenes, including the HMW-GS and played a
region of several kinda/p type gliadin gene, and significant role in the endosperm-specific
were predicted that they have relation to genexpression. Based on these results, it could be
expression and regulation. B element was “-30@ypothesized thathe HMW-GS gene promoter
element”, whose central sequence werenight be a endosperm-specific promoter.
TGCAAAA or TCTAAAG. It existed in the 5

1 TTAGTGATGS COTCGAGCAAGC CCATAAGCCC AAGCGAGAGAA GAACGTGCATC
51 OTCTACGGAG GCCAGGGAAS CACAATGOAC ATGCAGAGAG GCATGGGCG Y
101 GCAAGAAACA CTTGOACGATC ATAGAAGAAG ATAAGAGCTT AAACATAGGAY
151 GCAGGATATA ATGGA AAATCTGCAT TAGTTGAACT CATTTGGCA A
201 CTAAACAAAT TTTCTATTCT GTCTAAACCA AACTATTCGG COCGGATTTT
351  CTCTGAAGAT CCTATATTAA TITTAGACAT GOTTTGGCTA GTTCATTTGTY
301 CATGAAAAGG TGTTTCCATA AGTCCAAAAT TCTACCAACT TTTTTGTATG
351  GCAGGTCATA GCATAGATAG ATGTTGTGAG TCACTGGATA GATATTGTGA
C Monf
401 CTCATAGCAT GGA TTCGTGTT GC TOGAAALT CCAACTACAT GACAAGCAACY
451 AAMACCTOAL ATGGGCTTTA GOACGTTATCA ATTTACTTGT TCCATGCAGGY
501 CTACCTTCCA CTACTCGACA TGCTTAAAAA CTTTGAGTGG CCGTACGATT T
B Motif+
551 GCAAA AGCAA TGOCTAACAC ACACATATTC TOCCCAACCC CAAGAAGGAT
601  AATCACTTTT CTTAAATAAL AACGAACAGAC CAGTTTTCCA ACATTCACACY
651  TTTTTOGCAA CCAATACATC AGAATTAGGA TTACGCCGAT TACGTGGCTT.
701 TAGCAGACTG TCCAAAAATT TGTTTTGCAA AGCTC [CAATNGCTCCTT GOT
& Motif  #
751 TATCCAGC TTCTTTTOTOTT GOCAAACTGC GOTTTTCCAA CCOATTTTGTY
801  TCTTCTCGCG CTTTCTTCTT AGGTTAAACA AACCTCACCG TGCACGCAGC
851  CATGCTCCTG AACCTTCACC TCGTCCCNYNMAAGCCTAG CCAACCTTCAY
901  CAATCTTATC ATICACCCJACA ACACCGAGCA CCACAAACTA CAGATCAATT
M A& XK R L V L F W A Vv
951  CACTGATAGCCCACCGAG ATG GCT AAG CGG TTA GTC CTC TTT GTG GCGGT
v VvV A L V A L T W A v
1001 AGTC GTC GCC CTC GTG GCT CTC ACC GTC GCTG

Figure 2 - The cloned promoter sequence of HMW-GS. The 5'repst region along with first tenty-
one amino acids of signal-peptide is given. Thendiation initiation codon ATG is
underlined. Putative TATA box and CAAT box, -30@&rkents core, CAC box etc. are
identified by analyzing the sequence by PLACE atbar. The black box shows the TATA
box motif. The gray box region represents the CAGtiinThe white boxs shows the
CAAT box motif. The bold nucleotides shows the ‘B38lements” and italic nucleotides
regions represent Motif core of the seed-specifipressioncis-elements.The cloned
promoter sequence data can be obtained from EMBteurnhe accession number
AJ577815.
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Chromosome assignment of the promoter the cloned fragment consisted of whelW -GS
To know that the promoter belonged to whichlDx2promoter and signal peptide region.
HMW-GS, the phylogenetic analysis of 43
homologous fragments of HMW-GS was Vector construction of transient expression
conducted using the 5’ flanking sequences and thehe promoter fragment from the pMD18-T vector
sequences encoding the signal peptides. In Fig.@as fusion with the GUS gene from pBI121 to get
the cloned fragment was underlined. It showethe pMHG (Fig.4). Furthermore, for the promoter
that the cloned 1kb fragment was typ&iKIW-GS analysis, the fragment of GUS gene without
gene promoter on 1D chromosome. SikddW- promoter was cloned into the pMD18-T vector
GSon 1D chromosome in the wheat Xiaoyan Ghamed pMG as the negative control and pBl121
was subunit 2, a conclusion could be drawn thawtith uidA gene downstream of CaMV 35S
promoter as the positive control.
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Figure 3 - Phylogenetic relationship of the cloned fragmentierline) with previously publicized
HMW-GSpromoters. The rootless phylogenetic tree wastoaeted based on a multiple
alignment of the 5’ flanking sequences and the seges encoding the signal peptides of
the 42HMW-GS.
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BamH | EcoR |

1Dx2 Promofg\ GUS NOS

/ pMHG

Figure 4 - Scheme for construction of plasmid pMHG. Step lorbhg PCR product and Isolate
fragment of GUS+NOS with BamHI and EcoRI; Stepghsertion of Gus gene after
HMW-GS promoter.

Function determination of wheat HMW-GS fluorescence, but had no effect on the experiment
promoter result. The transformed seeds and leaves with pBI
The reporter gene expression from an introducet?1, the positive control could be identified with
promoter could be accomplished by either théhe GUS expression, although it was at a lower
transcriptional or translational fusions. The golde activity. However, the seeds and leaves
powder was coated with PBlI 121, pMHG andtransformed with the pMHG, the activity turned
pMG, and then transformed the wheat leaves amalit about 2.5 times as high as pBI121 in the seeds
seeds via the particle bombardment. The GUS$ut for the leaves it was lower. Based on these
activity was examined by the fluorometric assayresults it could be inferred that the HMWSG

In Fig.5, the GUS activity were very weak in thelDx2 promoter had tissue-specific activity in the
negative control(pMG), which was possiblywheat seeds.

caused by the system error or intrinsic

L Himmture seed

18} Oleaf

141
12f

08F
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P 15 _

pMG pMHG pBI121

Figure 5 - Transient expression assay for wheat endospernifispedIW-GS gene promoter;
pMG: no promoter, negative control; pMHG: Promadérwheat endosperm-specific
HMW-GS gene; pBI121: CaMV 35S promoter, positivatcol.

CONCLUSION including TATA box and downstream signal

peptide were expressed at high level for the GUS
It was concluded that the promoter region ofyene than the CaMV 35S promoter in the seeds of
T.aestivumHMW-GSwas cloned, which showed the wheat. The DNA sequence has been submitted
the presence of endosperm-specific regulatory cisAto EMBL Nucleotide Sequence Database. The
acting elements. The 1050 bp promoter sequen@gcession number is AJ577815.
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