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Abstract A 1887-nucleotide chloroplast-DNA region
from Arabidopsis thaliana was analyzed. It contains the
conserved genes psbA for the precursor of the D1 reac-
tion-centre protein of photosystem II, traH for
tRNAMS and rps19 for the 6.8-kDa protein of the small
ribosomal subunit. Northern hybridization and RNase
protection experiments suggest co-transcription of
a minor RNA fraction over the full lengths of psbA and
the preceding trnK-UUU gene, but not including
downstream trrnH sequences. In front of the mapped 5’
end of the major 1.2-kb pshA transcript is a DNA
region that shows the typical architecture of a psbA
promoter, consisting of the prokaryotic-type ' — 35
and '— 10’ elements as well as the eukaryotic-type
"TATA’ motif. The common 3’ end of pshA transcripts
seems to be located immediately after a stem-loop
structure downstream from the coding region.
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introduction

The small crucifer Arabidopsis thaliana has become
a favoured species for plant developmental genetics. Its
advantages include a small chromosome number, a low
complexity of the nuclear genome, and the availability
of well-defined mutants (Meyerowitz 1989). However,
despite its considerable contribution to the total coding
capacity of the cell, surprisingly little attention has so
far been given to the Arabidopsis chloroplast genome.
Here we have analyzed a chloroplast DNA region that
contains the pshA gene.
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Materials and methods

Plant material. Seedlings of 4. thaliana (L.) Heynh. var. Landsberg
erecta were grown on soil under greenhouse conditions for 6 weeks.

DN A analysis. In order to analyze the psbA DNA sequence, libraries
of Pstl/Smal and Pstl/EcoR]I fragments of isolated A. thaliana DNA
were constructed, from which psbA-containing clones were identified
by colony-filter hybridization. Clones that contained the genes trnH
and rps19” were screened from the PstI/EcoRI library by using
a mustard trnH-specific probe. The resulting clones were subcloned
and sequenced (Sambrook et al. 1989),

RNA, Northern hybridization, RNase protection assays. Total
RNA from A. thaliana leaves was prepared (Hughes et al. 1987) and
analyzed by Northern hybridization (Sambrook et al. 1989) with an
A. thaliana psbA-specific in vitro-transcribed cRNA probe. RNase-
protection mapping of in vitro transcripts was done according to
Sambrook et al. (1989).

Results

Using psbA-specific probes from mustard (Link and
Langridge 1984), Southern blots of DNA from the three
Brassicaceae mustard, rape and Arabidopsis resulted in
very similar hybridization patterns (data not shown),
which is reflected by the nucleotide sequence of this
region. The sequenced A. thaliana region reveals three
genes, i.e. for the D1 protein of photosystem II (psbA),
for tRNA"S (trnH) and, on the opposite strand and
partially overlapping, rps19” for a 6.8-kDa polypeptide
with similarity to E. coli ribosomal protein S19 (rpsl19’)
(data not shown, EMBL accession number X79898). In
addition, upstream of the psbA gene, a small portion of
the 3’ exon of the tRNAL* (UUU) (trnK) is represented
by the first 13 nucleotides of the sequence. Thus the
gene organization of this region (trnK—pshA- trnH—
rps19’) resembles the situation in mustard (Link 1984).

The psbA coding region itself (1062 bp) as well as the
deduced amino-acid sequence (353 residuesj each have
99% homology to those from mustard. Eighty-five base



Fig. 1 Northern hybridization analysis of
psbA transcripts; 30 pg of total A. thaliana
RNA were hybridized with the pshA-
specific RNA probe cPE1.15 (lane 3). As
controls, 50 ng of unlabelled in vitro
transcripts of plasmid pATPEL.15 were
used (lane 1, mRNA; lane 2,

cRNA = antisense strand)
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mustard (Link 1984).

In the trnK 3’ flanking region ups’[me v pobA
a conserved U-rich sequence element (T{R,,,x) can be
recognized, which was shown in mustard to be a site for
binding and cleavage by a 54-kDa ribo-endonuclease
involved in trnK 3'-end formation (Nickelsen and Link
1991, 1993).

When total Arabidopsis RNA was analyzed by
Northern hybridization, the psbA-specific probe
(cPE1.15) detected two different transcripts with sizes
in the range of 4.2 kb and 1.2 kb (Fig. 1, lane 3). While
the 1.2-kb transcript is likely to represent the main psbA
transcript, the 4.2-kb RNA species is of a size sufficient
to reflect transcripts that cover both the trnK and the
psbA genes (Nickelsen and Link 1991; Lidholm and
Gustafsson 1992).

To locate transcript ends in the 5 region, RNase
protection assays were carried out using 3*P-labelled
RNA probes cPCR331 and ¢ST111 (Fig. 2 B). The in-
tensive band ‘e’ at 140 nt (Fig. 2 A, lane 6) is in agree-
ment with a psbA 5’ transcript end 80 nt upstream of
the psbA coding region, and might represent the 5’
portion of the 1.2-kb main pshA transcript. Conserved
promoter motifs located directly upstream of this po-
tential 5’ end suggest that this might be a transcription
start site as in mustard {(Link and Langridge 1984).
Protected products of 114 nt (‘a’; Fig. 2 A, lane 2) and
330 nt ('d’; Fig. 2 A, lane 6) are of the size expected for in
vivo transcripts that cover the entire chloroplast RNA-
specific portion of the probes ¢ST111 and cPCR331,
respectively (Fig. 2 B). These weak bands thus point to
another more-upstream 5’ end and might represent the
portion of the 4.2-kb trnK-pshA dicistronic transcripts
inferred from the Northern experiment (Fig. 1).

The 102-nt fragment ‘b’ (Fig. 2 A, lane 2) corresponds
to the 89-nt band I (Fig. 2 A, lane 6) and places an in
vivo 3" end of trnK precursors approximately 90 bp
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Fig. 2A, B RNase-protection mapping of in vivo transcripts of the
psbA 5" and 3’ regions. A foliowing RNA-RNA hybridization and
treatment with RNases A and T1, resistant products were separated
on a 6% denaturing polyacrylamide gel. The probes (shown in B)
were ¢ST111 (lanes 1-3), cPCR331 (lanes 4-6) and cXE385 (lanes
7-9). Lanes 1,4, 7. 32P-labelled RNA probes without RNase treat-
ment. Lanes 3, 5, 8: RNA probes hybridized to 50 pg of E. coli
tRNA and subsequently treated with RNases. Lanes 2, 6, 9: RNase-
resistant products following hybridization with 30 ug of total RNA
from A. thaliana. The asterisk denotes a band of unknown origin
(lane 6). B Scheme showing the organization of the psbA4 gene and its
flanking regions, including the trnK 3’ exon and trnH. Coding
regions are depicted as filled boxes. The lines above the gene map
indicate the putative position of the protected RNA fragments
shown in A. Arrow on top, *?P-labelled in vitro cRNA probes with
broken lines representing polylinker and vector sequences. Below the
gene map, an alignment by the mapped in vivo psbA transcripts, as
deduced from the RNase protection and Northern hybridization
experiments (Fig. 1)

downstream from the 3’ exon, in a region containing
the conserved sequence element T;R,,.r. The 13-nt
band ‘¢’ (Fig. 2 A, lane 2) most likely correlates to the 3’
truK exon, reflecting a portion of the mature tRNA.
To locate the 3’ ends of psbA transcripts, an RNA
probe that contained 41 nt of the psbA coding region,
307 nt of the psbA-trnH intergenic region, and 43 nt of
the downstream trnH gene, was used (Fig. 2B, probe
¢XE385). As shown in Fig.2A (lane 9), two RNase-
resistant products were generated. The 43-nt band 'n’
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coincides with the size of the trnH coding region and
therefore seems to represent the mature tRNA. Frag-
ment ‘g’ is 140 nt in length and might reflect the com-
mon 3’ end of pshA in vivo transcripts, hence placing it
98 nt downstream from the psh4 coding region.

Discussion

In this work we have focused on the A. thaliana chloro-
plast DNA region containing the pshA gene. The nu-
cleotide sequence revealed that this region is composed
of the genes trnK, psbA, trnH and rpsi/9’. This gene
order resembles the situation in mustard, spinach and
petunia (Link and Langridge 1984; Zurawski et al.
1984; Aldrich et al. 1988), where this region is located at
the junction between the large single-copy region and
the right-hand inverted repeat and points to a classi-
fication of the chloroplast DNA from A. thaliana into
group 1T (Sugiura 1992).

Our Northern and RNase protection experiments
revealed a major 1.2-kb psbA transcript spanning the
entire distance between the presumed transcription
start size and the mapped 3’ end (Figs. 1 and 2). The
putative transcription start site is suggested to map
80 bp upstream of the psbA coding region. The pshA
promoter architecture, with the elements "TTGACA'
(—35), 'TATATAA' (TATA-like) and 'TATACT
(—10) found directly upstream, is well conserved
throughout many examined plant species. It has been
shown to be critical for promoter activity (Link 1984;
Gruissem-Zurawski 1985) and its sequence elements
were found to be differentially used in mustard chloro-
plasts versus etioplasts (Eisermann et al. 1990).

Evidence for co-transcription of trnK with photosys-
tem genes was obtained for mustard (Nickelsen and
Link 1991), two pine species (Lidholm and Gustafsson
1992), and Euglena gracilis (Stevenson and Hallick
1994). Whereas the Euglena psaA operon seems to be
transcripted exclusively from a single promoter 5
upstream of the unsplit trnK gene, trnK and psbA
co-transcripts in mustard and pine represent only
a fraction of the total psb4 transcripts. The 4.2-kb
transcript detected in our Northern experiments
(Fig. 1) might reflect trnK-psbA co-transcripts, as was
confirmed by the RNase mapping experiments (Fig. 2).
A number of chloroplast genes have more than one
promoter (for a review see Link 1994). Utilization of
alternative promoters was shown for the psbD-pshbC
operon from barley and has been viewed as a means for
differential regulation of gene expression in response to
varying light conditions (Christopher and Mullet 1994).
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