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Abstract

By differential screening of a cDNA library of two-week-old rice seedlings cDNA clones were obtained,
corresponding to shoot-specific mnRNAs. By sequence analysis two of these clones were found to be rbcS
cDNA clones. The mRNA corresponding to a third cDNA clone (COSS5) displayed an expression pattern
similar to the expression pattern of rbcS genes. The mRNA (800 bases) was light-inducible and encoded
by a single-copy gene. The genomic clone (GOSS5) was isolated and the intron/exon structure was
determined by comparing the nucleotide sequences of the mRNA and the genomic clone. The gene
contains two introns. Transcription start sites were determined by Sl-nuclease mapping and primer
extension. The start site obtained by both methods is located 87 bp upstream of the translation start site
and 23 bp downstream of TATA box-like sequence. In the 5 non-coding region motifs can be found
that are homologous to sequences in promoters that are light- or UV-inducible or confer leaf-specific
expression. The open reading frame present in GOS5 codes for a protein (15 kDa) that contains a
putative chloroplast transit peptide and does not show any significant homology to protein sequences in
the NBRF protein database.

Introduction

To increase the current knowledge about the
molecular biology of rice and to obtain tools for
biotechnical engineering of this important crop,
we have isolated and analysed a rice gene that is
highly expressed in a shoot-specific manner. The
use of tissue-specific promoters for genetic en-
gineering of plants offers possibilities to make
specific tissues or organs resistant to pathogens or
herbicides or to alter the protein composition of
consumable parts. Tissue-specific promoters
have already been isolated from several, mostly
dicotyledonous, plant species and these might be

used for genetic engineering of rice. However, it
has been observed in several cases that the activ-
ity of promoters in heterologous hosts is lower
than in the plants from which they were isolated
[2, 9, 10, 16, 17]. For biotechnical engineering of
rice such problems might be circumvented by
using promoters from rice itself.

An important class of plant genes, displaying a
shoot-specific expression pattern, encodes chlo-
roplast proteins involved in the conversion of light
energy into chemical energy and in the fixation of
carbon dioxide in carbohydrates. Most of these
proteins are nuclear-encoded [4] and contain a
transit peptide, targeting them into chloroplasts
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[23]. Well studied members of this group of pro-
teins are the small subunit of ribulose-1,5-bisphos-
phate carboxylase, chloropyll a/b binding protein,
ferredoxin and plastocyanin.

Here we describe the structure and expression
of a single-copy gene (GOS5) from rice (Indica
variety IR36), which displays a shoot-specific and
light-inducible expression pattern. The encoded
protein contains a putative transit peptide possi-
bly involved in transport into chloroplasts. We
found no sequence homology to other known
plant proteins.

Materials and methods

Plant growth

Rice (Oryza sativa, var. indica IR36 or var. japonica
T309) was grown in a growth chamber at 28 °C
with dark/light intervals of 14/10 h, at a relative
humidity of 73%,, in sterile sand with Luwasa
nutrients for two weeks (seedlings) or three
months (flowering plants).

RNA and DNA isolation and blot hybridization

Total RNA was isolated by grinding the tissue in
liquid N, phenol-chloroform extraction followed
by LiCl precipitation [21]. DNA was recovered
from the supernatant by adding 0.6 volume iso-
propanol and further purified by CsCI-EtBr cen-
trifugation. Poly(A) RNA was isolated using
oligo(dT)cellulose columns [21]. RNA and DNA
blot hybridizations were performed as de-
scribed [15].

¢DNA and genomic cloning

A cDNA plasmid library was constructed and
amplified as described [15] using 12 ug poly(A)
RNA from two-week-old IR36 rice seedlings. The
library consisted of 7.3 x 10* independent trans-
formants. Replica filters (Hybond-N, Amersham)
containing 500 recombinant colonies were dif-
ferentially screened for root- and shoot-specific

sequences using 0.12 ug 3?P-labelied single-
stranded ¢cDNA (10® cpm/ug) synthesized on
total RNA from roots or shoots. Preparation,
hybridization and washing of the filters was done
as described [15].

A non-amplified genomic library in Lambda
Fix (Stratagene) was produced. DNA was iso-
lated from green parts of two-week-old IR36
seedlings, partially digested with Sau 3Al and
fractionated on agarose gels. 15-20 kb fragments
were cloned in the Xho I sites of Lambda Fix after
partially filling in of both the Sau 3AI and XAo 1
sticky ends with dGTP, dATP and dCTP, dTTP
respectively. This procedure prevents (1) ligation
of more than one Sau 3Al fragments in the
Lambda vector and (2) ligation of the stuffer frag-
ment. The library was screened for sequences
hybridizing to cDNA clone COSS5. Hybridization
and washing conditions were as for DNA blot
hybridization [15]. Isolation of Lambda DNA
was done according to the plate lysate
method [13].

Nucleic acid sequencing

The ¢DNA insert of COS5 was cloned in
M13tgl130 [11] and sequenced by the dideoxy
chain-termination method [18].

The 4 kb Sac I and 3 kb Bam HI fragments of
Lambda clone 5 were subcloned in Bluescript
vector SKM13 + (Stratagene). For both orien-
tations series of overlapping exonuclease 111 dele-
tions were produced (Stratagene, Bluescript
exo/mung DNA sequencing system) and appro-
priate clones were sequenced. Parts of the coding
region were subcloned in M13tg130 or M13tgi31
and sequenced. The sequence shown in Fig. 4 was
determined on both DNA strands.

The 5’ end of the mRNA was sequenced by the
dideoxy chain-termination method essentially as
described [5] using 10 ug poly(A) RNA and the
17-mer 5'-GAGGGACGCCATTGCTG-3".

Nucleotide sequence data were collected,
assembled and analysed with a VAX computer
fitted with the Genetics Computer Group Se-
quence Analysis Software Package [3].



S1-nuclease mapping

The end-labelled Bgl11/Sma I fragment contain-
ing the 5’ part of the coding region (Fig. 4) was
used for Sl-mapping essentially performed as
described [1].

Results

Isolation of ¢cDNA clones corresponding to shoot-
specific and light-inducible mRNAs

A cDNA library made on poly(A) RNA from
two-week-old seedlings of therice variety IR36 was
differentially screened for root- and shoot-specific
sequences. cDNA clones that hybridized strongly
with a single-stranded cDNA probe made on
shoot RNA, but not with a single-stranded cDNA
probe made on root RNA, were further charac-
terized by cross-hybridization, RNA blot hybridi-
zation and sequence analysis. Besides two
ribulose-1,5-bisphosphate carboxylase (rbcS)
c¢DNA clones, another cDNA clone (COS5) was
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Fig. 1. rbcS and COSS5 expression pattern. Gel blots
containing RNAs isolated from green shoot tissue (1), etio-
lated shoot tissue (2) and roots (3) from two-week-old IR36
seedlings or RNAs isolated from panicles (P), leaves (L),
internodes (I), nodes (N) and roots (R) from three-month-old
plants of the variety IR36 (panels B and E) or T309 (panels
C and F) and RNA isolated from a T309 cell suspension
(lanes S) were hybridized with 32P-labelled COS5 ¢cDNA
(panels A, B and C) or with 32P-labelled rice rbcS cDNA

(panels D, E and F). All lanes contain 20 ug of total
RNA.
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obtained that hybridized strongly with shoot
RNA but not with root RNA of seedlings, as
shown in Fig. 1A. When seedlings were grown in
the dark no hybridization was detectable with
RNA from shoots (Fig. 1A, lane 2). The esti-
mated size of the mRNA that hybridized to the
cDNA clone COSS5 is 800 bases.

Figure 1B shows the expression pattern in
flowering plants. RN A was isolated from panicles
(P), leaves (L), internodes (I), nodes (N) and
roots (R). The expression was highest in leaves
(Fig. 1B, lane L), less in light green parts (Fig. 1B,
lanes P, I, N) and not detectable in roots (Fig. 1B,
lane R). The faint bands visible in the root lanes
are background, since they are present after
hybridization with different non-homologous
¢DNAs (rbcS, COSS and others (not shown)).
The reason for this background is that it is rela-
tively difficult to isolate RNA from rice roots,
resulting in preparations containing a high
amount of impurities. These preparations were
shown to give good specific signals on RNA blots
probed with c¢cDNAs corresponding to root-
specific or constitutive mRNAs.

Although the expression pattern was roughly
similar to the rice rbcS expression pattern, as
shown in Fig. 1D and 1E, the expression level was
5-10 times lower (compare Fig. 1A and 1B with
Fig. 1D and 1E) and COS5 did not cross-
hybridize to different rbcS ¢cDNA clones (results
not shown) nor was there sequence homology.
Furthermore, the rbcS cDNA clones hybridized
to a mRNA of approximately 900 bases.
Figures 1C and 1F show that the hybridization
patterns of COSS5 ¢cDNA and rbcS ¢cDNA with
RNAs isolated from another rice variety
(japonica, T309) were similar. The expression in
a (white) cell suspension of T309 was below our
detection level (Fig. 1C and 1F, lanes S).

Copy numbers of genes corresponding to rbcS
¢DNAs and COS5 ¢cDNA

DNA blots containing IR36 genomic DNA were
hybridized with rbcS ¢cDNA clones or COS5
cDNA. The DNA was digested with Eco RI,
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Fig. 2. rbcS and COSS5 gene copy number. Gel blots contain-

ing rice DNA digested with Eco RI (E), Bam HI (B) or

Hind 111 (H) were hybridized with two different 3?P-labelled

rice rbcS cDNA clones (A and B) or with the *?P-labelled

COS35 ¢cDNA clone (C). All lanes contain 10 ug DNA. The
size of marker fragments are indicated in kb.

Bam HI or Hind III, which have no recognition
sites in the cDNA inserts. The results are shown
in Fig. 2. At least four bands are visible after
hybridization with the rbcS cDNA clones
(Fig. 2A and 2B). It is very likely that these
c¢DNAs correspond to a gene family, unless the
genes contain introns with recognition sites for
EcoRI, Bam HI and Hind III. Hybridization
with cDNA COSS5 resulted in one band in each
lane (Fig. 2C). This indicates that the correspond-
ing gene is present in one copy per genome unless
(1) the hybridizing fragments contain more than
one gene or (2) the haploid rice genome contains
several identical copies of this gene (as far as the
restriction sites used are concerned). The first
possibility seems unlikely, since 2.5kb of the
3.0 kb Bam HI fragment has been sequenced, and
contains only one COS35 homologous region (see
below). The second possibility cannot be com-
pletely ruled out, but the intensities of the hybrid-
izing bands are similar to the signals obtained

with other single-copy genes (results not shown).

In order to isolate an active promoter, we have
isolated the gene encoding COS5S mRNA, as
individual members of gene families (rbcS) might
be inactive or expressed at a low level.

Isolation of the gene GOSS5 encoding COS5 mRNA

A genomic library of IR36 DNA was constructed
in Lambda Fix. By screening with COSS35, seven
genomic clones were obtained. The internal Sac 1
and Bam HI fragments that hybridized to COS5
had identical sizes in all seven clones (results not
shown) indicating that the clones were different
Sau 3A partials from the same gene. The Sac I
and Bam HI fragments were subcloned. The
restriction maps are shown in Fig. 3.

Structure of the gene

The nucleotide sequence of the GOSS5 transcribed
region including 1700 base pairs (bp) upstream
and 200 bp downstream of the protein coding
region, as shown in Fig. 4, was determined and
compared to the mRNA sequence. The cDNA
COSS5 is not a full-length clone and misses the 5’
part (Fig. 3). COSS consists of exon sequences
between position 1698 and 2516 (Fig.4). By
primer extension in the presence of dideoxy-
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Fig. 3. Structure of GOSS. A restriction map of the over-
lapping Bam HI and Sacl fragments hybridizing to the
COS5 c¢cDNA clone is shown. B = Bam HI; X = Xbal;
Bg =Bglll; S =Sacl; E=EcoRIl; Sm = Smal Both
strands of the indicated region were sequenced. The exons
are shown by bars: the top row of black bars represent the
protein coding region, the bottom bars represent sequences
present in the cDNA clone COSS. The Bgl I1I-Sma | frag-
ment used for the S1-nuclease mapping of Fig. 5 is shown.



1 AGATCTACG&AGTTACCGA&ATCTACAATACGCACTTCTAGATTAGTACA

51 ACTAAAACC&TAAAAATAT;ATGCATTTA%TCAAACAAA&TTTTAAAGAA
101 TACACACTT&TTAACTCAAiAGTCACATAiAGGATCTAT&AATATTACC&
151 GAAATCGGC&TCTGAATCC&GCAGGCTTC&CCCCTTCTT&TCTTCTCCT&
201 CCCTCTCTTéTTCTTTTTTiCACTAGAAT%GAAGAGAGAAGAATGAGGG&
251 TGGGGGCTGéGCAGCAGGCéTTTTATAGG&AGCGAGGCCiGCCGCCCGGé
301 CAGAGGGCGéCAAGGGGCGéCTGCAAATAéCCGGCCCGA&TGGCTTTTG&
351 ATTCGGGTCéTTGCCGCCCéACCAGAGGAéGGCAAGGGT&TTCCTGCAAA
401 AAACCCTCC&TCCTCACCG&CCGTTCCTC&CCCGTTTGC&ACGTCAGCT&
451 GCGGCCCCAéAGGTGGGCGéCAGGGGCTA*TTCTGCTAT&TTTTGGTCGA
501 TAGATTATT&CTGTAAATA&TAAAAAAAAAATCTAAAAC&GAAAAAAAT&
551 CTGCGGGTG&GCCTCCCCG&CGCGCAAGT&CGGCTACGG&CCATGTAGT&
601 GAAGTGGGT&TGAGCCTTG&GCTTCTGGCATTAGGCCCAiTTTGATGAGA
651 GGCTGCGAG&TAGGGGTGT&CTTGGGCCAéGCCCGAATAéCAGTATTTGé
701 GCTGCTGATATTTTCGGTTéAGAAGACAGéGACGATCTTiGATGCGACGi
751 ATGGTACAG%ACGCTGAAA%ATACTGACG&CGTAGGGGA&AGCGTCCAG&
801 ACGATAATAAAAAAATTCTACGAGATCTGéATCGCCGTA%GTTGTCTCTé
851 TACGATACAéGGGAGTACTéTTGGATTGAiGACGGTGAG%ACATCCCCAA
901 GCATTGATCAGATCATTGGéATCACTAGTéATGGTCGGT&ATCGATGCT&
_951 AACCCAAAT&ACACCATGAiATAATTTTTéATGCATCTC&ACACAAATT%
1001 TCTACACTT&TTGAAGTGT&TGTGACTTAACTGGTTAGG%TCTGGTAGT&
1051 AAACTTGCCAACCATCATTAAAAAAAATT%CTACGCTTT&CGAAGTGCGE
1101 CTAACTTAA%TGGATAGATAAATTTAAGT&ATATTTAATATGGATGTTCA
1151 TATTTATAA&TAATTATTTiTTTAATGGTAGTGCAGGCGATGCAAGGTG%
1201 CCATGGTAG&TTCGTCTCGACATATACCG&CCTAGTCATiCTGAAATGCi
1251 CGTAGCACA&GTATGTGTTiTACAGAGATéAGTGTGCAG;TACATGGGT&
1301 TTTTGCCGAéTTTTCAAAAAGAACTCTCA&GCTCTTTTT&TGTGTAAAAA
1351 AAAAAGAAGACAAGATTCA&CTGCATTCGATGCGACTCAATGTGTGTGT&

1401 TTGTGCGATCTATTCAGTATAGGCATGCTGTGCCACGTAGGCGCGCCATG
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1451 TCAGCGAGCTCCAAATCCAGGAGAACCAAGATAAGGCTATCCGGAAGAGG
1501 CCACGCGGCGAGCTCCCTATGGGGCGTCGGCCATCGCGGGAGCCACGCGE

- . . A . .y .
1551 ACTACGCGTTCCAAATCCTTAACAGCATCCGCCGAATTAAGTCTGTGTGC

Y- yyvwyy .- . .
1601 ACGAACG'{GTAGCCGCCGCCGCCGCAGATAGTACACCGGCTATCTATCCA

1651 TCTATCTACTCAGCTTTGCGTCCTCCCGCGAATTCACCGEAGCAATGG_E
L

1701 TCCCTQGTCGCCGTCCAGCCGGTCGCCGTGAAGGGCCTCGCCGGCAGCTC
S L V A VvV Q P V A V K 6 L 4 G 8 8

1751 CATCTCCGGCAGGAAGCTCGCCGTCAGGCCGTCGCCCCGGGCGCTCTGCC
I §$ 6 R K L A V R P S P R A L C R

1801 GCACCACCCGCAGRtacatacgaggagtacgegagtancagtagagatge
T T R R

1851 acttgatattgcagtggcaagaggtgtatgtggtttcaatcctgagatce

1901 cgttcaatttttaacacgctcataatttcttgetacagGCCGCGCGCCGC
P R A A

1951 CGTGGTGGCCAAGTACGGCGAGAAGAGCGTCTACTTCGACCTCGAGGACA
VvV vV A XK Y 6 E K 8 Vv Y F D L E D I

2001 TCGGCAACACCACCGGGCAGTGGGACCTGTACGCCTCCGACGCGCCGTCG
G N T T G Q W D L Y A S8 D A P S

2051 CCGTACAACCCTCTCCAGgttagtattacctgactaaaatatatacttag
P Y N P L Q

2101 ctcgatgattaatttactgaataattcgtptggrtgatcgatgcagAGCA

S X

2151 AGTTCTTCGAGACGTTCGCGGGGCCCTTCACCAAGAGGGGGCTCCTGCTC
F F E T F A 66 P F T K R G L L L

2201 AAGTTCCTIGCTGCTICGGCGGCGGATCGCTGGTGGCCTACGTCAGCGCGTC
kK F L L L 6 6 6 s L VvV 4 Y V S5 A s

2251 GGCGTCGCCGGACCTGCTTCCGATCAAGAAGGGCCCGCACGTGCCGCCGA
A 8§ P D L L P I K X 6 P H V P P T

2301 CGCCCGGCCCACGCGGCAAGATCTGAATTAAATTCCTCGTCTCTGCCTCA
P G P R G K I

2351 CCTTCTTCTITGATCCGATCCATCCATGCAAATCCTCTGTACTIGTACTGCT
2401 AGTCCCCCATGGCCGGATCGCCATGGATTAATTCCCCCTGTTTATGATGT
2451 TGATATAATTGTACTATTGCTATGGCTATATAAGTTGTAAAGGATCCAAT
A\
2501 TCGATGCTGCATGCGACGTACTGCGATCCCATGTGTICGGTTTTAATTTT
———

2551 CTGTCTCCCTCGATTTTGCATCATGACATTCATGTGGTAGTGTGAAAAAC

Fig. 4. Nucleotide sequence and deduced amino acid sequence of GOSS5. The borders of the cDNA clone COS5 are shown by

arrows. The poly(A) addition site and the 5’ ends obtained by primer extension are indicated with solid arrowheads. The

transcription start site determined by S 1-mapping is indicated by an open arrowhead. Intron sequences are shown in lower case

letters. A putative TATA box and signals involved in processing of the 3" end of the mRNA are underlined. Sequences in the

5’ flanking region with homology to the G box motif and as-2 binding site (dotted) are overlined. The sequence homologous
to the 17-mer used for primer extension is boxed.

nucleotides using a 17-mer oligonucleotide
hybridizing around the methionine start codon
(Fig. 4) the nucleotide sequence of the 5’ part of
the mRNA was determined, as shown in Fig. 5.
The sequence of the mRNA and the cor-
responding sequence in the genomic clone GOS5
are identical, which is in agreement with the
assumption that GOSS is a single-copy gene.
The gene contains two introns (Fig. 3 and 4) of
124 and 78 bp. In both introns typical GT/AG

donor-acceptor sites are present. The sequences
surrounding these junctions (CAG * GTAca-
TACG ...... aaTTTcTTGCTACAG * and CAG
* GTtAGTATT..... .g8GTgATcGATGCAG %)
are 75% homologous with the consensus se-
quence for splice sites of monocots (C/A/G)AG
* GTA(T/A)G(T/CYT/AXT/O)N ... ... (T/C)-
(T/CYT/GYT/ANT/CYT/AXT/CYT/G)NNTN-
CAG = [7].
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Protein coding region

Inspection of the composite sequence of the exons
reveals an open reading frame of 426 bp, located
between the first AUG codon at position 1695
and the UGA codon at position 2324 (Fig. 4).
The context of the translation start site
(gcAgCAATGGCg) resembles the plant con-
sensus sequence (TAAACAATGGCT) rather
well [8]. The open reading frame potentially en-
codes a protein of 142 amino acids (M, 15052).
The N-terminal part has some characteristics of
chloroplast transit peptides [22]. The amino acid
sequence begins with methionine-alanine and
among the first 10 residues no arginine, lysine,
asparagine, glutamine and glycine are found and
only one proline. Thus, the protein might be trans-
ported into chloroplasts. In searching the NBRF
protein database (release June 1989) with the
UWGCG word search program no significant
homology with any protein was found.

5" and 3’ flanking regions

The transcription start site was determined by
S1-nuclease mapping and primer extension. The
results are presented in Fig. 5. S1-nuclease map-
ping using the Sma I-Bgl 11 fragment, as shown in
Fig. 3, resulted in a 180 bp protected fragment
(Fig. 5A), indicating that transcription starts
around position 1608. The start sites determined
by primer extension (Fig. 5B) are located near the
start site determined by Sl-nuclease mapping
(Fig. 4). The majority of the 5 ends (position
1615-1626) fall within a very GC-rich region and
might be premature stops of reverse transcription,
as they were not detected by S1 mapping. Further
upstream, some minor start sites are present. One
of these is located at position 1608 and coincides
with the position found with S1 mapping. The
most upstream 5’ end obtained by primer ex-
tension was also not detected by S1 mapping.
Altogether it is not clear which bands represent 5’
ends of the mRNA. Position 1608 is most likely
the transcription start site although it does not fit
with the consensus sequence for plant transcrip-
tion start sites (CATCA) [8].
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Fig. 5. Determination of the GOSS transcription start sites.
(A) Sl-nuclease mapping of 20 ug of total RNA using the
probe indicated in Fig. 3 and three different concentrations
of Sl-nuclease; 100 (1), 300 (2), and 1000 (3) units/ml. The
protected fragments are indicated with an arrowhead and the
size of marker fragments is in bases. (B) Primer extension on
10 ug of poly(A) RNA in the absence (N) or presence of
dideoxy NTPs (G, A, T and C) using the 17-mer indicated in
Fig. 4.

Twenty-three bp upstream of the putative
transcription start site (1608) an AT-rich stretch
(aATtaA) is present with some homology to
the TATA box consensus sequence (TATATA)
[8]. The region upstream of the TATA
box (1431-1584) contains three motifs which
have homology to a sequence (G box,
TCCACGTGGC) present in several rbcS [6]
and chalcone synthase (cAs) genes [19, 20]. This
sequence was found to bind nuclear protein fac-
tors (named GBF, CG-1) from different plant
species. Mutation of this motif in the chs gene of
parsley abolished UV light-induced expression
[19}. The minimal binding site in the experiments
with the rbcS genes seems to be 12bp
(TGACACGTGGCA) [6] whereas the minimal
binding site with the chs gene of A. majus, where
a five-copy situation was tested, was found to be
the hexameric sequence CACGTG [20]. Thus it
seems that at least the CACGTG motif is required



for binding. The mismatch present in the most
upstream motif in GOSS5 (CACGTA) resulted in
loss of binding activity [20]. It is unknown what
the influence is of the mismatch present in the
other two motifs (CACGCG).

In addition, a sequence can be found
(GATAAGGc¢TA) with homology to the ASF-2
binding site [ 12] (Fig. 4). This sequence is able to
confer leaf-specific expression when fused to the
— 90 derivative of the 35S promoter of CaMV and
it is present in promoters of several light-respon-
sive genes [12].

The cDNA clone COSS contains a poly(A) tail
of 8 bp. A sequence (tATAtAA) with homology to
the poly(A) addition consensus {(AATAAA) is
present 40 bp upstream of the poly(A) tail. In the
GOSS5 gene 17 bp downstream of the poly(A)
additional site a sequence (TGTGTTCg) is pres-
ent with homology to the consensus sequence
(YGTGTTYY) of which the significance in ani-
mal gene expression has been demonstrated [ 14].

Discussion

The rice gene GOSS35, which displays a shoot-
specific and light-inducible expression pattern,
was isolated. The intron/exon structure of the
gene was determined by comparing the mRNA
sequence and the genomic sequence. GOSS5 is a
split gene composed of three exons.

The 5’ non-coding region contains motifs
homologous to a sequence present in the 5’ non-
coding region of several rbcS [6] and chs [19, 20]
genes, which are, like the GOS5 gene, light-
inducible. In the chs gene of parsley a nuclear
protein factor binds to this sequence after irradia-
tion. Replacement of this sequence led to com-
plete loss of light-responsiveness [ 19].

The as-2-like sequence in the GOSS5 promoter
might also be (in part) responsible for the tissue-
specific expression of GOSS. The factor (ASF-2)
that binds to this sequence could not be detected
in root extracts [ 12].

The level of GOSS5 transcripts is high in dark
green tissue, lower in light green tissue and absent
in roots, white cell suspension or etiolated shoots.
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Thus the mRNA level seems to be correlated with
the presence of chloroplasts. The N-terminus of
the GOSS protein shows some features of chloro-
plast transit peptides, indicating that it might be
transported into chloroplasts. We did not find any
sequence homology between the GOS5 amino
acid sequence and other light-inducible plant pro-
teins. The majority (at least 75%,) of the chloro-
plast proteins is nuclear-encoded and genes of
only a few of these have been isolated and charac-
terized yet.

The steady-state mRINA level of GOSS5 is 5-10
fold less than the rbcS steady-state mRNA level.
Since GOSS is a single-copy gene and rbcS is a
gene family of 4-5 members, the GOSS promoter
activity is only a few fold less, with this restriction
that the mRNAs of both genes are equally stable,
Thus the GOS5 promoter seems to be very active.

By isolation of the single-copy gene GOS5 we
assume to have obtained a promoter which can be
used to express useful qualities in rice in a shoot-
specific and light-dependent manner,
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