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Analysis of 5' region of glutelin genes from wild rice species
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Abstract. The structure of the 5' flanking region of glutelin genes amplified from the various wild rice species was
analyzed by cloning and sequencing. The results showed that beyond the essential boxes (legumin, CAAT, AACA
and TATA), the 5' region of rice glutelin genes have numerous putative enhancers (long-direct and short-direct re-
peats) and putative regulatory segments (RY repeats, -300 bp elements, nuclear protein binding sites) though portions
of a few elements have been deleted in some wild species. The possible roles of most of the putative elements in
glutelin gene expression remain to be determined. The sequence length and structure of glutelin 5' regions vary
among rice species. On the basis of the length, the degree of homolgy, and the corresponding base substitutions and
deletions in the 5' regions of glutelin genes, the authors suggest that glutelin genes, in the subfamily Glua can be
classified into three kinds of members, each with its 5' region of 0.5 kb, 0.9 kb, or 1.2 kb. A member gene in the
subfamily may reside at one or more loci in a rice genome. The same member gene that appears among rice species
with minor deletion, addition, or substitution may be designated as alleles of that gene.

Keywords: Glutelin gene; 5' Region sturcture; Subfamily G/ud; Wild rice.

Introduction

A rice glutelin cDNA was first isolated from cultivated
rice by Takaiwa et al. (1986). More glutelin cDNAs were
isolated and classified into two types, I and II, which can
be distinguished respectively by stop coden TAA or TAG
and by two and one polyadenylation signals (Takaiwa et
al., 1987a). Since these early reports, three genomic clones
(Gt1, Gt2 and Gt3) for rice glutelin have been isolated and
studied in Okita’s laboratory. Comparison of DNA se-
quences from relevant regions of these clones showed that
two of them, Gt/ and Gz2, are closely related. Gt¢3 shows
little or no homology to G/ and Gz2. All three clones had
5' flanking regions of less than 0.9 kb (Okita et al., 1989).
Two new glutelin genes, Glua-3 and Glua-4 were later
added to subfamily A (Takaiwa and Oono, 1991) that al-
ready contains Glua-1 (Type I) and Glua-2 (Type II).
Takaiwa et al. (1991) proposed a new subfamily of glutelin
gene, subfamily B, in which three member genes have
been sequenced. Furthermore, direct repeat, enhancer core,
and legumin box (Takaiwa et al., 1987b), -300 bp ele-
ment, RY repeats and inverted repeats (Okita et al., 1989)
and nuclear protein binding sites (Kim and Wu, 1990;
Takaiwa and Oono, 1990) have been reported to be re-
lated to glutelin gene expression in cultivated rice. This
paper reports the structure of 5' regions of glutelin genes
with special emphasis on that of glutelin subfamily A genes
from wild rice species.

Materials and Methods

The species, both cultivated and wild, used in this
experiment are shown in Figure 1.
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Figure 1. Southern blot analysis of the amplified rice glutelin
5' region. 1A, Gel electrophoresis of the PCR amplified 5' re-
gions of glutelin genes from various rice species each indicated
above the line. Each has two to three major bands; 1B, The blot-
ted DNA was probed with the 5' region of a glutelin gene, iso-
lated from rice cultivar Tainung 67 (genome AA). It shows that
all wild rice species except O. brachyantha (genome FF) have
two major bands positively reacted.
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Polymerase chain reaction (PCR) was used to amplify
the 5' region of glutelin genes from various rice species.
The two ends of the 5' region of a known glutelin gene
(Takaiwa et al., 1986) were used to synthesize two prim-
ers, a2—1 (5' CAAGCTTTTGGAAAGGTGCCG3') and
a2-2 (5’GCTCTAGAGTTGTTGTAGGACTAATGAA3')
each with a Xball or a Hindlll linker. The amplified 5'
regions were cloned into the plasmid M13 mp19 to
produce recombinant DNA molecules.

Deletion and sizing: Double-stranded recombinant
DNA of M13 was extracted and digested with exonucle-
ase III to produce successively shortened insert DNA us-
ing the Erase — a Base System (Promega). Transformation
of E. coli IM101 was carried out with the deleted recom-
binant DNA using an E. coli Pluser Apparatus. Sizing was
performed by electrophoresis of the single stranded short-
ened recombinant DNA from M13.

Sequencing and Analysis: The single-stranded recom-
binant DNAs were used as template and annealed to the
fluorescent primers supplied in the Auto Sequencing Kit
(Pharmacia). Sequencing reactions were carried out ac-
cording to the procedures suggested by the supplier, and
the products were loaded in an automated Laser Fluores-
cent DNA Sequencer (Pharmacia ALF). Data thus obtained
were processed by a GCG (Genetics Computer Group)
sequence analysis software package.

Results

For PCR amplification of the 5' regions of the rice
glutelin genes, two oligomers were synthesized. The am-
plified DNAs were analyzed by gel electrophoresis. As
shown in Figure 1A, each lane gave two major bands and
several minor ones. Major bands were identified as true
glutelin 5' regions of the species by Southern blot analy-
sis using the 5' region from a glutelin gene isolated from
Tainung 67 (cultivated rice of genome AA) as probe (Fig-
ure 1B). There were two major bands, 1.2 kb and 0.9 kb
in length, amplified from each rice species except that from
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O. eichingeri and O. officinalis in which the 0.9 kb band
was substituted by a 0.5 kb band (Figure 1B). Only the
0.9 kb band has been shown to appear in glutelin genes of
the cultivated rice (Takaiwa et al., 1987b, 1991). The other
two bands are being described in thispaper for the first
time.

Sequencing of the seven cloned 5' regions of glutelin
genes from the wild species of five genomes revealed their
lengths (Table 1) which correspond to their molecular
weight estimated from the gel electrophoresis of the PCR
products. These sequences can be grouped into three cat-
egories according to the length of the PCR amplified
DNAs. These are 1.2 kb, 0.9 kb, and 0.5 kb respectively.

All seven 5' region sequences were arranged to give
maximum alignment as shown in Figure 2. Each sequence
listed in Figure 2 has at its upstream 5' end AGCTT or
GCTT that is part of the cutting site of Hind III. This and
the recovered primer sequence at both ends of the seven
sequences assure that the amplified sequences are the true
5' regions of glutelin genes. The figure also includes the
sequences of the Gt¢/, Gt2, and Gt3 reported by Okita et
al. (1989). Comparing the regions with each other, it is
clear that the 0.9 kb 5' region has a short deletion of 20 bp
from -834 bp to -815 bp (from the translation initiation
codon ATG) and another long deletion of 204 bp from
-470 bp to -267 bp. As for the 0.5 kb 5' region, it has two
long deletions; one is 463 bp in length from -1055 bp to
-593 bp, and another is 211 bp, from -470 bp to -260 bp,
that coincides with the long deletion in the 0.9 kb 5' re-
gion. Thus the 0.9 kb 5' region is about 200 bp shorter
than the 1.2 kb 5' region, and the 0.5 kb 5' region is about
670 bp shorter than the 1.2 kb 5' region. Such long dele-
tions combined with minor deletions of bases account for
the actual length (in bp) of each 5' region sequence listed
in Table 1.

There are 209 base-substitutions or -deletions that have
occurred to corresponding positions in the sequence of the
1.2 kb and the 0.9 kb 5' regions. The same amount of such
corresponding substitutions and deletions can also be

Table 1. 5' region sequence length of glutelin genes from various species of rice.

. Length (kb) estimated Actual
Species Genome from gel electrophoresis length (bp)

Oryza perrennis (W0107) AA 1.2 1,119
Oryza eichingeri (W1519) CC 1.2 1,116
Oryza punctata (W1564) BBCC 1.2 1,111
Oryza punctata (W1564) BBCC 0.9 911
Oryza grandiglumis (W1194) CCDD 0.9 913
Oryza australiensis (W0008) EE 0.9 912
Oryza sativa (Gtl) AA — 779
Oryza sativa (Gt2) AA — 878
Oryza eichingeri (W1519) CC 0.5 481
Oryza sativa (Gt3) AA — 842

*Only some of the species indicated in Figure 1 was chosen to be cloned and sequenced. The length of the 5' region of G¢1, Gt2, and
G1t3 was calculated based on the sequences published (Okita, 1989). The sequence of the 5' region of glutelin gene of each wild rice
species has been deposited to the DataBank of Japan (DDBJ) Tsukuba, Japan. The given accession number of each sequence is as
follows: clone W0107-1.2 : D26363; clone W1564-0.9 : D26364; clone W1564-1.2 : D26365; clone W1519-0.5 : D26366; clone
W1519-1.2 : D26367; clone W1194-0.9 : D26368; clone W0008-0.9 : D26369.
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WAO7AED  TTHGCATTGT TTCTCACAAN ADCATTCAAG TTCATTASTC CTAGRAGAAG -1
WAEIG120  TTAGCATTGT TTOTCACAAA ADCATTCAAG TTCATTAGT. CTACAADAAC
WEBANE0  TTABCATTGT TTCTCATAML ACCATTCAAG TTCATTACTC CTACAAGAAC
WIZEATES  TTGICATTGT TTCTCACAAL AEBCATICAG TTCATTASTC CTACAACAAC
HIBI0ES  TTEICATTET TTCTCACAAA OAG TTCATTARTC CTACAACAAC
WOLORGRE  TTEICATTGT TTCTCACAA AMBEATICAG TTCATTAGTC CTAGAMCALC
Gt1  TTEICATTGT TTCTCACAAA ABGDATIEAG TTCATTARTC CTACAMGAAC
GtZ  TTARCATTGT TTCTCAGAAA ACCATTCAAG TTCATTAGTC ATACAMGAAC
#510060  TTCTCATTGT TTCICACAAL AAGCATTCAS TTCATTASTC CTACAMCAAC
GtS  ATHTCADCAT TTCTCAGAAS A.GCATTGAG TTCAGTORGE TRiMAG: . .
OHreot rept 1

Figure 2. The seven 5' region sequences are maximally aligned with each other (using a GCG sequence analysis software package)
including the three 5' regions of Gt genes (Okita et al., 1989) and arranged in descending order starting from the most 5' end. The dot
within the sequence denotes base deletion. The shaded, upper, or underlined bases stand for the repeat, element, box, etc., the name
of which is listed to the right side. A pair of arrows indicates inverted repeats. The vertical bar represents base substitution or deletion
in the 0.9 kb and G?/ 5' region with respect to that of the 1.2 kb and G#2. The Gt3 5' region has its own repeats, etc. with its name

indicated below the sequence.

found between the Gt/ and G2 sequences. The substituted
or deleted bases in the 5' region sequence of Gt/ are like
those in the sequence of the 0.9 kb 5' region (marked with
a vertical bar in Figure 2). The same can be found between
the sequences of G¢2 and the 1.2 kb region. For example,
at the -976 bp position the 0.9 kb and G¢/ sequences have
the same T and the 1.2 kb and G2 sequence have a base
deleted in common. Furthermore, many boxes, repeats, and
elements of the 0.9 kb and G¢/ sequence and of the 1.2
kb and Gt2 sequence have similar correspondence (Fig-
ure 2, Table 2). As a result, the 5' region of Gt/ and G¢2
has a 24.39% and 21.64% higher homology respectively
to that of the 0.9 kb and the 1.2 kb than the homology
between the 0.9 kb and the 1.2 kb 5' region. Due to the
two long deletions in the 0.5 kb 5' region, it has 66 in-
stead of 209 base-substitutions or -deletions. Among them,
36 bases are the same as the correspondent bases in the
0.9 kb 5' region; 9 bases follow that in the 1.2 kb 5' re-
gion, and 21 bases follow that in neither of the two 5' re-
gions (Figure 2).

In view of the long direct repeats, four have been iden-
tified in O. sativa cultivar Mangetsumochi (Takaiwa et al.,
1987b) and three in O. sativa cultivar M201 (Okita et al.,
1989). Figure 2 shows the sequences and positions of the
four direct repeats. All four are conserved in the sequences
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examined except that the 0.5 kb sequence lacks direct re-
peat 4 and G12 lacks direct repeat 2. Gt3 sequence has its
own four direct repeats, and their positions do not coin-
cide with those identified in the other sequences. Its first
direct repeat is located from -15 to -4 bp relative to ATG.

The SV40 enhancer TGAAAAA, identified in the G¢3
sequence (Okita et al., 1989), is shown to be superimposed
with its own direct repeat 2, located from -248 bp to -236
bp, but can not be found in the other 5' region sequences.
However, one kind of 7 bp direct repeat (T/AGCA/
GAAA/G) with high homology to the SV40 enhancer can
be found in the 5' region sequences examined. There are
six such short direct repeats in the 1.2 kb sequence (Fig-
ure 2), two of them (repeats 2 and 4) are independent. The
TGCA motifs of the remaining four are superimposed
upon those of their respective -300 bp elements and/or long
direct repeats. The 0.5 kb sequence lacks the short direct
repeats 6, 5, and 2; the 0.9 kb sequence and G¢/ lack short
direct repeat 2. Gt3 also has six short direct repeats but
with low or very low homology to that of the 7 bp direct
repeat located at the corresponding positions in the 5' re-
gion of the various wild rice species.

A -300 bp element was reported to be present in the 5'
region of barley prolamin gene (Forde et al., 1985). There
are six -300 bp elements that can be traced in the 5' re-
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Table 2. Base substitution, deletion and homology in the boxes, repeats and elements of glutelin gene flanking 5' region.

AA CCBBCC BBCC CCDD EE Gtl Gt2 CC Gt3
(1.2 kb) (0.9 kb) (0.5 kb)
Direct repeat 4 *GACATAATGCAAAAG T,T H0.9 kb® H12kb Del VLH?
3 ATGTCATGTTGCGAAA A H0.9 kb H1.2kb H0.9kb VLH
AGAGGAGAG
2 TAGAACAGAGC G, G H0.9 kb Del H0.9 kb VLH
1 ATGTCATATTGCAAAAGAAAGAAAG oo H12kb H1.2kb H0.9 kb VLH
Box VI GTCA C H0.9 kb H1.2kb Del VLH
V  TAAGTCATAACTGATGA CGTT H0.9 kb H12kb Del VLH
IV ATCATCCATGTCATATTG T H0.9 kb H1.2kb H1.2kb VLH
III ACAAATGATGTGTCAATTA .,CC H0.9kb H12kb H12kb VLH
II CTTCCGTGTACCACA Conserved Conserved Conserved Conserved HH
I ATATCAT+*GAGTCACTTCA Conserved -AA Conserved Conserved HH
-300 bp element 6  TGCAAAGTT Conserved Conserved Conserved Del LH
5 TGCAAAAG T H0.9 kb H1.2kb Del NH
4  TGCGAAAG A H0.9 kb H12kb H0.9kb LH
3 TGCAAAAG Conserved Conserved Conserved conserved LH
2 CAAA  TGTGTCA ..C H0.9kb H1.2kb H0.9 kb LH
1 ATesGAGTCA C AA H12kb H12kb LH
RY repeat 7 TATG C H0.9kb H1.2kb Del NF
6 CATGCAAG Del Del H12kb Del H
5 CATGCATC Conserved Conserved Conserved Del H
4 CATG Conserved Conserved Conserved Del H
3 CATG Conserved Conserved Conserved Del H
2 CATG Del Del H1.2kb Del H
1 CATGCATG Del Del H1.2kb Del H
Enhancer core *TGGTGTT G H 0.9 kb H12kb Del Del
13 bp AACA box AACAAACTCTATC Conserved Conserved Conserved Conserved
Legumin box CTTAACATTCAAATGATG T,G, A H0.9 kb H1.2kb H0.9 kb H0.9 kb
Immuture seed CTTCCGTGTA Conserved Conserved Conserved Conserved HH
nuc fac BS
CAAT Box TGGACATTAACAAACTCTATCTTAACA  Conserved Conserved Conserved Conserved
Inverted repeat AATC (-271) Del Del H1.2kb Del AATC (-324)
AATC (-459) Del Del H1.2kb Del NF
AATC (-766) C H0.9 kb H1.2kb Del NF
CTAA(-408) Del Del H1.2kb Del CTAA (-317)
CTAA(-684) Conserved H1.2kb H12kb Del CTAA (-374)
CTAA(-996) Conserved H1.2kb H12kb Del CTAA (-504)
SV40 enhancer Not found Not found Not found Not found TGAAAAA
7 bp direct repeat 6 TGCAAAG Conserved Conserved Conserved Del LH
5  TGCAAAA Conserved Conserved Conserved Del VLH
4 AGCAAAA Conserved Conserved Conserved Conserved LH
3 TGCGAAA A H0.9kb H12kb H0.9kb LH
2 AGCAAAA Del Del H12kb Del LH
1  TGCAAAA Conserved Conserved Conserved Conserved LH

“NH stands for nonhomology; LH, low homology; VLH, very low homology; HH, high homology of G?3 5' region sequence to the corresponding sequence of 1.2
kb 5' region of AA, CC and BBCC genomes. H, homology; NF, not found; Del, deleted. The G#3 5' region has its own direct repeat 4, CCAAAACCAAAAGCA,;
direct repeat 3, CCAAAAGCA; direct repeat 2, AAAAATAAAAGCA and direct repeat 1, TCCCACAAAAAC and six RY repeats, CATG and four inverted
repeats. Positions of these repeats do not coincide with those found in other 5' region sequencces. Boldfaced bases in the lane of 1.2 kb 5' region are shown to have
been respectively substituted by the base or deleted shown in the lane of 0.9 kb , for example, .-T, G-T., AG-.. etc.

bSequence homology of Gt1 5' region to that of 0.9 kb 5' region.

bot 371- 07. p65 45 2001/4/19, PM 01:48



46

gion of glutelin genes in the wild rice species. The sixth
(located from -810 bp to -802 bp) is independent; five of
them, i.e., the elements 5, 4, 3, 2, and 1 are superimposed
upon part of the Takaiwa’s long direct repeat 4, 3 and upon
the sequence of Box IV III and I respectively, which are
the bind site of nuclear proteins as reported (Kim and Wu,
1990). In addition to these, superimposition can be found
between the -300 bp elements 6, 5, 4, 3, and the four 7
bp repeats. Each of the six -300 bp elements have been
conserved with minor base substitutions in the sequences
examined but not in the 0.5 kb 5' region, in which it lacks
-300 bp elements 6 and 5 . Only low homology remains
in most of the elements in G¢3 (Figure 2, Table 2).

Five protein binding sequences (boxes; Kim and Wu,
1990), have been well conserved because they can be
found in all the sequences examined except in the 0.5 kb
5' region that lacks Box V. In addition to the five boxes,
we found a new one, the sixth box with its core motif
GTCA from -749 bp to -746 bp in the 1.2 kb 5' region,
but the first nucleotide G of the motif has mutated to C in
the case of 0.9 kb 5' region. In the 0.5 kb 5' region, the
fifth and sixth boxes have been deleted. In G£3, only boxes
Iand II are conserved (Figure 2 , Table 2).

In the 5' region sequences of 1.2 kb , there are seven
RY repeats. The seventh is between -950 bp and -947 bp
and has a nucleotide C mutated to T. From -274 bp to
-267 bp, the first RY repeat CATGCATG can be traced.
Between these two positions, it accommodates the other
five RY repeats (repeats 6, 5, 4, 3, and 2). The 0.9 kb 5'
region lacks RY repeats 1, 2, and 6. None of the RY re-
peats can be found in the 5' region sequence of 0.5 kb.
Okita et al. (1989) reported that there were respectively
one, two and one RY repeat in the 5' region of GtI, Gt2,
and G73. In Figure 2, however, it is shown that G¢/ and
G1t2 have four and seven RY repeats respectively. G¢3 has
six RY (all CATG) repeats dispersed in a segment of 310
bp, from -780 bp to -476 bp. None is located at the same
positions shown in the other 5' region sequences (Figure
2 and Table 2). It is interesting to note that the number of
RY repeats in the various 5' regions vary substantially
among species and that some of the repeats are superim-
posed with the -300 bp element and the long direct re-
peat.

Okita et al. (1989) identified two pairs of inverted re-
peats (AATC and CTAA) in the 5' region of G¢2 and sug-
gested that the DNA segments between the two
components of the two repeat pairs could have been trans-
posed from somewhere else. Figure 2 shows that the po-
sition of the three inverted repeat pairs we found in the
sequence of 1.2 kb 5' region start at -271 bp, -408 bp;
-459 bp, -684 bp; and -766 bp, -996 bp, respectively. It is
interesting to note that the sequence between -271 bp and
-408 bp including the inverted repeat pair has been de-
leted in the 0.9 kb and 0.5 kb 5' region (Figure 2, Table
2). In the Gt3 sequence, we identified one AATC starting
at -322 bp but three CTAA at -317 bp, -374 bp, and -504
bp. In the case of 0.5 kb sequences, all the inverted repeats
have been deleted.

bot 371- 07. p65 46

Botanical Bulletin of Academia Sinica, Vol. 37, 1996

Proximal to the translation initiation codon, ATG,
within a range of -1 to -261 bp, the 13 bp AACA Box
(AACAAACTCTATC, Takaiwa and Oono, 1991), the
legumim Box (CTTAACATTTAGATGCAAG, Takaiwa et
al., 1987b), the CAAT Box (TGGACATTAACAA
ACTCTATCTTAACA, Okita et al., 1989) the immature
seed nuclear factor binding site (CTTTCGTGTA, Takaiwa
and Oono, 1990), and Boxes I, I, IIT and IV of Kim and
Wu (1990) all reside in and are well conserved in each of
the 5' region sequences examined, in addition to the TATA
Box (TCACTATAAAT). The first three of the above men-
tioned boxes are superimposed.

Discussion

Rice glutelin genes have numerous putative enhancers
dispersed though the 5' flanking region within a span of
about 950 bp. Beyond the four long direct repeats, the 7
bp short direct repeat may have a putative function as en-
hancer because its sequences are similar to that of the
SV40 enhancer that was superimposed upon the direct re-
peat 2 in the 5' region of G¢3 (Okita et al., 1989). In this
study, the 7 bp direct repeat 3 and the long direct repeat 3
are superimposed upon each other in all the sequences ex-
amined. SV40 enhancer core homology was observed in
gliadin (wheat storage protein) genes (Reeves and Okita,
1987). Chen et al. (1986) reported that 4 short direct re-
peats of AA/GGCCA in the 5' region of B-conglyccinin o
subunit could increase expression 20 fold. It would be
worthwhile to see how each of the many direct repeats
enhances the expression of rice glutelin genes.

Two -300 bp elements were found in the 5' region of
prolamin (B1 hordein) genes of barley. The elements are
composed of the conserved core motif GTCATG and were
proposed to be endosperm specific (Forde et al., 1985).
In the 5' region of rice glutelin genes, two (elements 1 and
2, Table 2) of the six -300 bp elements have GTCA motif;
the other four (elements 3 to 6, Table 2) are similar to the
two -300 bp elements (TGTAAAGT and TGTAAAAGQG)
that are endosperm specific in wheat prolamin (LMW
glutenin) genes (Colot et al., 1987). The differential
functions of the two groups of the sequences that are
similar to that of barley and wheat respectively in glutelin
gene expression are not known. Superimposition of the
four -300 bp elements (elements 3, 4, 5, and 6)
respectively upon the four 7 bp short direct repeats (re-
peats 1, 3, 5, and 6) and the two long direct repeats com-
bined with the fact that the elements 4, 5, and 6 are
dispersed at relatively far 5' upstream localities (extending
from -530 bp to -810 bp) may suggest that the four -300
bp elements play a role as enhancer. A sequence similar
to that of the SV 40 enhancer however, did not signifi-
cantly increase the level of expression of soybean storage
protein genes (Chen et al., 1986). The superimposition of
-300 bp element 1 and 2 upon that of nuclear protein bind-
ing boxes I and IV (Kim and Wu, 1990) may imply that
some nuclear protein molecules are needed to bind GTCA
core motif and enable the two -300 bp elements to carry
out endosperm specific expression.
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In the 5' region of 1.2 kb, we identified one more pair
of inverted repeats that was not found in G2 by Okita et
al. (1989). The pair, located at -408 bp and -271 bp and
found in the 1.2 kb 5' region (Figure 2), might be respon-
sible for a ~200-base deletion occuring in the 0.9 kb and
0.5 kb 5' regions. The fact that the 0.5 kb and 0.9 kb 5'
regions lost three and one and a half pairs of inverted
repeats respectively (Table 2) and that the large blocks of
deletions border on the inverted repeat may reflect the in-
volvement of the lost inverted repeat pairs in deletion. In
CC genomic species (officinalis and eichingeri) the 0.9 kb
5' region was replaced by that of the 0.5 kb (Figure 1B).
It might be inferred that the 0.5 kb 5' region was derived
from that of the 0.9 kb due to the occurrence of large
blocks of deletion.

The RY repeat (CATGCATG) plays a role in the regu-
lation of legume seed protein gene expression (Dickinson
et al., 1988). The seven RY repeats (four of them have
the CATG motif only) in the 5' region of glutelin genes
are not the only case of multiple copies of the RY repeat
present in the 5' region of several legume seed protein
genes (Dickinson et al., 1988). Whether the 0.5 kb 5' re-
gion of glutelin genes that totally lacks all seven RY
repeats— beyond one long direct repeat, one nuclear pro-
tein binding site, one enhancer core, two -300 bp elements,
and three 7 bp direct repeats (Table 2)—could still per-
form its normal regulation of glutelin gene transcription
is not known.

Legumin, CAAT, AACA, and TATA boxes in all the
ten 5' region sequences of glutelin genes observed (includ-
ing Gtl, Gt2, and Gt3) are located between nucleotide -1
and -150. They are well conserved and aligned. Further-
more, superimposition of the first three boxes upon each
other is shown in Figure 2. Legumin box is an element
that may have a function in the regulation of legumin gene
expression in pea (Baunnlein et al., 1986). The function
of this box in rice glutelin genes has not been determined.
The CAAT box (TGTTGACAATTT) was designated as
the site where the interaction between specific factor and
RNA polymerase occurs (Benoist et al., 1980). In rice
glutelin genes, the CCAAT sequence was shown to have
no significant homology to the eukaryotic model sequence
TGTTGACAATTT (Okita et al., 1989). However, the
CCAAT-like sequence is important for maximal gene ex-
pression in Kalanchoe and tobacco plant (Shaw et al.,
1984; Odell et al., 1985). CACA box consists mostly of C
and A (GTGCCACCAAACACAACATACCAAAA) and
was observed in the 5' region of wheat gliadin genes
(Reeves and Okita, 1987) though its function was not
known. The 13 bp AACA box (Takaiwa and Oono, 1991)
is also CA rich and well conserved. Superimposition of
the AACA box upon the legumin box and the CAAT box,
located proximal to the TATA box in the 5' region of
glutelin genes, may mean that the AACA box has an es-
sential function in the expression of glutelin genes.

Study on expression of glutelin genes has been done
by comparing the amount of mRNA at developmental
stages of rice endosperm (Okita et al., 1989), and by de-
tecting CAT enzyme (Leisy et al., 1989) or GUS activi-
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ties (Zhao et al., 1994) regulated by a glutelin gene 5' re-
gion in transgenic tobacco. It has also been carried out by
transient expression assay using immature rice seed pro-
tein (Kim and Wu, 1989). Our sequence analysis showed
that the 5' region glutelin genes are different in nature from
each other. It would be worthwhile first to compare the
expression capacity of the three naturally existing 5' re-
gions. Then an artificial 5' region containing well-designed
sets of regulating motifs in the glutelin gene 5' region
should be constructed and tested to define the expression
capacity of the motifs. A thorough understanding of this
may be essential to the genetic engineering of rice glutelin
genes sooner or later.

The results of our analysis also help to clarify classifi-
cation of rice glutelin genes. Okita et al. (1989) postu-
lated three gene subfamilies: Gt/, Gt2, and Gt3 for glutelin.
Takaiwa et al. (1991) classified the glutelin genes so far
that they were isolated and sequenced into two subfamilies,
A and B. From our PCR experiments (Figure 1A, B), it
can be inferred that there are at least three distinct sequence
lengths for the 5' regions of glutelin genes. Southern blot
analysis, using specific segments as probes, showed that
these 5' region sequences can each be accommodated at
specific locations in a genome (data not shown) and may
represent three glutelin gene loci. Beyond the length dif-
ferences, corresponding substitution and deletion of the
209 bases in the 0.9 kb and G¢/ with respect to the 1.2 kb
enabled us to find a closer relationship between the 1.2
kb and Gt2 and between the 0.9 kb and Gt/ sequences.
Total homology at all these 209 bases between the 0.9 kb
and Gtl, and between the 1.2 kb and G2 support our sug-
gestion that the 5' region of the 1.2 kb and G#2 can be as-
signed as one locus and that of the 0.9 kb and G¢/ as
another locus in various rice genomes. The same is true
of the 5' region of the 0.5 kb in wild rice species. When
the coding region sequences of glutelin genes with the
known 0.5 kb, 0.9 kb, or 1.2 kb 5' region were compared ,
it revealed that those coding sequences were highly ho-
mologous (90-95%) to each other. This suggests that all
these glutelin genes can be grouped into one subfamily,
i.e., the Glua subfamily.

The length of the three 5' regions of 1.2 kb examined
in our analysis varies from 1,111 to 1,119 bp among three
species, i.e., O. perrennis, O. eichingeri, and O. punctata
(Table 1). This is due to minor deletion or addition of bases
varying in number and position occuring in a unique 5'
region. For example, in the 1.2 kb 5' region one-base de-
letion can be examined at position -364 bp in O. perrennis,
two-base deletion at -529 bp in O. eichingeri but four-base
deletion at position -791 in O. punctata, etc. (Figure 2).
In the case of the 0.9 kb 5' region, a similar situation can
be observed. We suggest designating these sequences dis-
tributed in different species with minor base deletion, ad-
dition, or substitution as alleles of a glutelin locus.

Literature Cited

Baumlein, H., U. Wobus, J. Pustell, and F.C. Kafatos. 1986. The
legumin gene family: structure of a B type gene of Vicia

2001/4/19, PM 01:48



48

faba and a possible legumin gene specific regulatory ele-
ment. Nucl. Acid Res. 14: 2707-2719.

Benoist, C., K. O’Hare, R. Breatnach, and P. Chambon. 1980.
The ovalbumin gene - sequence of putative control regions.
Nucl. Acids Res. 8: 127-142.

Chen, Z.L., M.A. Schuler, and R.N. Beachy. 1986. Functional
analysis of regulatory elements in a plant embryo-specific
gene. Proc. Natl. Acad. Sci. USA 83: 8560-8564.

Colot, V., L.S. Robert, T.A. Kavanagu, M.W. Bevan, and R.D.
Thompson. 1987. Localization of sequences in wheat
endosperm protein genes which confer tissue-specific ex-
pression in tobacco. EMBO 6: 3559-3564.

Dickinson, C.D., R.P. Evens, and N.C. Nielsen. 1988. RY re-
peats are conserved in the 5'-flanking regions of legume
seed-protein genes. Nuc. Acid. Res. 16: 371.

Forde, B.G., A. Heyworth, J. Pywell, and M. Kreis. 1985. Nucle-
otide sequence of a Bi Hordein gene and the identification
of possible upstream regulatory elements in endosperm stor-
age protein genes from barley, wheat and maize. Nucl. Ac-
ids Res. 13: 7327-7337.

Kim, S.Y. and R. Wu. 1990. Multiple protein factors bind to a
rice glutelin promoter region. Nucl. Acids Res. 18:
6845-6852.

Leisy, D.J., J. Hnilo, Y. Zhao, and T.W. Okita. 1989. Expres-
sion of a rice glutelin promoter in transgeneic tobacco. Plant
Mol. Biol. 14: 41-50.

Odell, J.T., F. Nagy, and N.H. Chua. 1985. Identification of DNA
sequences required for activity of the cauliflower mosaic
virus 35S promoter. Nature 313: 8§10-812.

Okita, T.W., Y.S. Hwang, J. Hnilo, W.T. Kim, A.P. Aryan, R.
Larson, and H.B. Krishnan. 1989. Structure and expression

bot 371- 07. p65 48

Botanical Bulletin of Academia Sinica, Vol. 37, 1996

of the rice glutelin multigene family. J. Biol. Chem. 264:
12573-12581.

Reeves, C.D. and T.W. Okita. 1987. Analyses of o/ type glia-
din genes from diploid and hexaploid wheats. Gene 52:
257-266.

Shaw, C.H., C.H. Cater, M.D. Watson, and C.H. Shaw. 1984. A
functional map of the nopaline synthase promoter. Nucl.
Acid. Res. 12: 7831-7846.

Takaiwa, F., S. Kikuchi, and K. Oono. 1986. The structure of
rice storage protein glutelin precursor deduced from cDNA.
FEBS Lett. 206: 33-35.

Takaiwa, F., S. Kikuchi, and K. Oono. 1987a. A rice glutelin
gene family- a major type of glutelin mRNAs can be di-
vided into two classes. Mol. Gen. Genet. 208: 15-22.

Takaiwa, F., H. Ebinuma, S. Kikuchi, and K. Oono. 1987b.
Nucleotide sequence of a rice glutelin gene. FEBS Lett. 221:
43-47.

Takaiwa, F. and K. Oono. 1990. Interaction of an immuture seeds
specific trans-acting factor with the 5' upstream region of a
rice glutelin gene. Mol. Gen. Genet. 224: 289-293.

Takaiwa, F. and K. Oono. 1991. Genomic DNA sequence of two
new genes for new storage protein glutelin in rice. Jap. J.
Genet. 66: 161-171.

Takaiwa, F., K. Oono, D. Wing, and A. Kato. 1991. Sequence
of three members and expression of a new major subfamily
of glutelin genes from rice. Plant Mol. Biol. 17: 875-885.

Zhao, Y., D.J. Leisy, and T.W. Okita. 1994. Tissue-specific ex-
pression and temporal regulation of the rice glutelin G¢3
gene are conferred by at least two spatially separated cis-
regulatory elements. Plant Mol. Biol. 25: 429-436.

2001/4/19, PM 01:48



bot 371- 07. p65

Wu et al. — 5' Flanking region of glutelin genes 49

ARG TGRRE S Bay o

RASh MR $EEA K
PRSP

B A= RS R I AEIRT 50 Wi e 0 FH SRR B o ol Sk LG H - LRI 5 WaBs 1 B LR 2 B A Y
A EEES B (A% - CAAT ~ AACA ~ TATA %) Z4b - WATIR 3 m by nl i e FRBIR Fr BR
(A SR B AR B ) R BiFE B (A RY AT B ~ 300 bp JrBe b HEELRZ HE RS SR RS -
F WP AR LA 5 RS A A R B TR BT A LR RS Fr Beef 209 11 1
FELA - PR R 5 WYY RRE - [RIRRR RS LR 2% P 41 ME 2 B U Bk A 8 13
AR R F L RIR Glua vk —FEp S AR - H 5 WRAES R 0.5kb ~ 09kb K 1.2kb = &
B IRITE 2 e R 25 - O A R e o P A iR E] Bl SRR DRI AT LA 50 Lk 5o D B
FEREERIE ~ AMMEHATT B EAT KL A (allele)

BESERER : M IIAEN ¢ 5 MR ¢ MR T Gl I -

49 2001/4/19, PM 01:48



