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Hydroxyproline-rich glycoproteins (HRGP) are
among the major extractable components of
plant cell walls ([1] for review). HRGPs from
dicotyledonous species (also called extensins) are
polypeptides formed by highly repetitive motifs
including a typical Ser-HPro, repeat. Dicot ex-
tensins seem to be coded by multigene families
expressing a variety of mRNAs [2]. It has been
shown that these genes are developmentally reg-
ulated [3] and some of them can be induced by
wounding and by fungal infection [4].

Most information on analogous proteins from
monocotyledonous plants comes from maize and
closely related species. The maize HRGP has
been purified and partially sequenced {6]. The
complete protein sequence has been obtained by
cloning the corresponding gene from both maize
[7] and sorghum [8]. Both proteins contain highly
repeated motifs rich in proline but also in threo-
nine. In contrast to dicotyledonous species, ce-
real HRGPs are coded by simple gene families,
probably single genes [7, 8]. The maize HRGP
mRNA accumulates in organs rich in dividing
cells, it is induced by wounding [9] and it shows

a specific pattern of expression in immature em-
bryos [10].

In Southern hybridization of genomic rice
DNA with either maize or sorghum HRGP
probes a limited number of bands appeared [8].
Due to the interest of this species in terms of
genomic simplicity, ability to be transformed, eco-
nomic interest and taxonomic distance to the
other cereals already studied, it was of interest to
clone and characterize the corresponding HRGP
gene. To this end, a genomic library from Oryza
sativa (IR36 Indica variety) (see [11] for details
of the library) was screened using a 842 bp re-
striction fragment from the 5’ and coding region
of the maize HRGP gene [7] as a probe. A sin-
gle positive clone was chosen for further analysis.
A region of this genomic clone containing the
complete transcription unit as well as 5’ and 3’
flanking regions was sequenced in both strands
by the ExolIl deletion method [12]. The
sequence of the gene and that of the deduced
protein sequence are shown in Fig. 1.

The general structure of the rice HRGP gene is
similar to that of the maize and sorghum genes

The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under

the accession number X61280
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Fig. 1. Nucleotide and deduced protein sequence of the rice gene coding for a hydroxyproline-rich glycoprotein (HRGP). The
putative TATA box and polyadenylation signal are underlined and a sequence having the features observed in other HRGP genes
is indicated with lower case letters. Nucleotides are numbered from the A of the translation start site.

previously reported [7, 8]. In particular, it also
includes a putative intron (shown in lower-case
letters in the figure) in the 3’ untranslated region,
a feature common to HRGP genes from both
monocot and dicot species. In the figure the pres-
ence of putative TATA box and polyadenylation
signals are indicated. Nevertheless, when the 5’
and 3’ flanking regions are compared to the other
published sequences no obvious alignment can be
achieved.

The protein coded by the rice gene shares a
number of features with those of the other mono-
cots already reported [7, 8]. It begins with a typ-
ical signal peptide. The sequence Ala-Asp, where
the peptide is cleaved in the maize protein, is also
present between residues 19 and 20 in the rice
one. The mature sequence of the protein begins
with a stretch rich in glycine and tyrosine residues
followed by sequences having a highly hydrophilic

character and containing proline, lysine, glutamic
acid and histidine residues. This region is formed
by four hexapeptides repeated two by two and a
pentapeptide that contains a His-His-His tripep-
tide. After this region the main repetitive proline-
rich sequence begins. This part of the protein is
formed by two alternating proline-rich motifs.
One of these motifs (PPTYKP) is very similar to
the main repetitive motif from maize (PPTYTP),
which, in fact, is present three times in the rice
protein. The other one (QPKPT/NP) is also sim-
ilar to two repeated pentapeptides (SPKPP and
TPKPT) forming the maize sequence.

Some interesting features make the rice HRGP
sequence different from that of the other related
species already known: (1) the almost complete
absence of serine residues which are substituted
by threonine or glutamine; (2) the disappearance
of the single Ser-Pro, sequence, the essential el-



ement of dicot extensins, which is present in the
other cereals analysed so far. These results indi-
cate that neither serine residues nor the Ser-Pro,
motif is required for the function of this protein
and that threonine and glutamine may substitute
serine which is one of the most abundant residues
in HRGPs. It is also worth pointing out that,
although the protein has a highly repetitive pat-
tern, the motifs are not as perfectly conserved as
in the maize protein.

A genomic Southern blot analysis of IR36 rice
DNA was performed using a Spe I-Pvu I probe
from the 3’-flanking region of the rice HRGP
gene. The results indicate the presence of a single-
copy gene which shows the same restriction sites
as the isolated genomic clone. A transcript of
about 1400 nucleotides is detected in northern
blot analysis of young rice leaf RNA (not shown).
These results indicate that the gene presented here
has a single copy in the rice genome in accor-
dance with the simplicity of this system also ob-
served in other cereals. They also indicate that the
gene is expressed as a mature mRNA in devel-
oping organs.
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