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Abstract
A T-DNA tagged Arabidopsis locus, A37, identified by a promoter-trap aph(3 %)II reporter gene fusion expressed in
calli and roots, encodes an ortholog of evolutionarily conserved SNZ growth arrest response proteins. Gene A37 is
located on chromosome 3–35, lacks introns, and shares considerable sequence identity with HEVER1 from rubber
tree, SLEXORFA-1 from Stellaria longipes, SNZ1 from yeast, and SNZ-homologs from bacteria and archaebacteria.
Southern DNA hybridization and physical mapping data show that A37 is a single copy gene, but sequence similarity
to expressed sequence tags (ESTs) suggests that at least two other SNZ-homologs are present in Arabidopsis. The A37
gene is abundantly expressed in cultured callus tissues and at lower levels in leaves, stems and roots. In the
promoter-trap locus a37, the T-DNA-linked aph(3 %)II reporter gene is transcribed oppositely to the A37 gene by a
cryptic promoter located 0.52 kb upstream of the A37 coding region. Promoter deletion studies with uidA-reporter
gene constructs show that the cryptic promoter consists of regulatory sequences located in both promoter and
transcribed regions of the A37 gene that activate transcription only in roots. The a37 promoter trap is thus controlled
by transcriptional regulatory sequences that function as an active promoter only in linkage with a promoterless
reporter gene introduced artificially into the Arabidopsis genome by a T-DNA tag. © 1998 Elsevier Science Ireland
Ltd. All rights reserved.
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1. Introduction
T-DNA mediated insertional mutagenesis is
widely used for genetic identification and functional characterization of plant genes [1,2]. To
isolate T-DNA insertions in transcribed chromosomal loci, several gene fusion and enhancer trap
technologies were developed. Thus, integration of
promoter or enhancer trap T-DNA tags into actively transcribed plant genes is monitored by
transcriptional activation of promoterless reporter
genes coding for b-glucuronidase (uidA),
kanamycin phophotransferase (aph(3 %)II), and luciferase (luc or luxF) in vitro or in vivo [2 – 6]. In
Arabidopsis and Nicotiana, about one third of
T-DNA integration events was observed to produce active transcriptional reporter gene fusions
suggesting that the T-DNA is frequently integrated into chromosomal loci that are potentially
transcribed [4]. In contrast, translational gene fusions generated by reporter genes lacking the
ATG start codon occurred at significantly lower
(15 – 20%) frequencies [3,4]. Therefore, it was
noted that activation of T-DNA-linked promoterless reporter genes carrying a translational start
codon does not necessarily demonstrate that a
T-DNA tag is indeed located in a transcribed
plant gene [4]. In fact, enhancer trapping data
showed that certain T-DNA tags in the genome
link the promoterless reporter genes to transcriptional regulatory sequences that are apparently
not associated with RNA polymerase II transcribed genes, although they display cryptic promoter or enhancer activity [7,8]. Since such
T-DNA inserts do not cause gene mutations, the
efficiency of gene isolation by promoter or enhancer tagging was questioned. To clarify the
function and location of potential cryptic promoter elements in the genome, we have characterized a T-DNA-tagged locus identified by
promoter trapping in a transgenic Arabidopsis
line, Ath621 -37 [4,9]. The a37 line was generated
by a transcriptional gene fusion vector, pPCV621,
carrying a promoterless aph(3 )II marker gene
with an ATG start codon linked to the right
T-DNA border. Plant DNA sequences activating
the aph(3 )II reporter gene fusion were rescued
from a37 and shown to promote transcription of

an uidA reporter gene in callus, root tips and root
hairs in tobacco and Arabidopsis [4]. Here we
demonstrate that promoter trap a37 is transcribed
by a cryptic promoter which was activated by a
T-DNA integration event. The activity of this
cryptic promoter was found to be controlled by
sequence elements located in the promoter and
coding region of the A37 gene that codes for an
ortholog of SNZ proteins showing high degree of
evolutionarily conservation between plants and
unicellular organisms [10]. This data illustrates
that T-DNA insertions can in fact detect, or even
activate, artificial promoters, sequence elements of
which may nevertheless be assigned to transcribed
genomic loci in Arabidopsis.

2. Experimental

2.1. Plant growth and transformation
Arabidopsis thaliana (ecotype Col-1) was grown
in glass jars containing seed-germination medium
(SG) under controlled culture conditions (22°C,
16 h light and 8 h dark cycle) as previously
described [5]. Tissue culture and Agrobacteriummediated root transformation of Arabidopsis, as
well as tobacco leaf disk transformation were
according to Koncz et al. [4,5]. Root-derived callus and cell suspension cultures were established
and subcultured weekly in MSAR-medium containing 1 mg/l 2,4-D (2,4-dichloro-phenoxyacetic
acid) as described [5]. Seedlings (2 weeks old) were
subjected to ABA and NaCl treatments by transferring them into 250 ml Erlenmeyer flasks containing 30 ml liquid SG-medium containing either
1 mM ABA (abscisic acid) or 200 mM NaCl.

2.2. DNA cloning and sequencing
Arabidopsis l-ZapII cDNA (obtained from I.
Somssich, MPI, Cologne) and l-EMBL4 genomic
libraries [11] were screened using a radiolabeled
HindIII–BclI plant DNA fragment from plasmid
pPCV621-37 [4,9] as described [12]. Two fulllength cDNAs were sequenced in pBluescript
SK + . From several overlapping genomic clones
one clone was subjected to detailed physical map-
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ping followed by subcloning of DNA fragments
into pBluescript SK + , to determine the nucleotide sequence of A37 gene. DNA fragments
were sequenced using an ABI Prism™ Dye Terminator Cycle Sequencing kit and an automatic
ABI377 sequencer. Nucleotide and amino acid
sequence analyses were carried out using the
GCG program package (Genetics Computer
Group Inc., Wisconsin), whereas multiple sequence alignments were obtained with the
ClustalW software.

2.3. Southern hybridization analysis and
chromosomal mapping
Genomic DNA was prepared from 4-weekold Columbia (Col-1) and Landsberg (Ler-0)
plants for Southern DNA hybridization analysis
[12,13] using either the A37 cDNA or a
HindIII genomic DNA fragment of 1.9 kb
from the A37 gene as probe. Following hybridization in a buffer containing 50% formamide, the filters were washed twice with
2× SSPE, 0.1% SDS, and once with 0.1×
SSPE, 0.1% SDS at 65°C as described [12].
Arabidopsis yeast artificial chromosome (YAC)
libraries CIC and yUP [14,15] were screened using the same A37 gene probe according to
Matallana et al. [16]. In order to confirm the
map position of A37 locus, DNA was purified
from YAC clones detected by the A37 probe
and subjected to Southern blot analysis as previously described [17].

2.4. RNA hybridizations
RNA was extracted from 3 to 5 g of stems,
leaves and roots of plants grown in sterile culture, as well as from calli as described [18]. To
prepare Northern blots, 20 mg of total RNA
was subjected to electrophoresis in denaturing
agarose gels and blotted onto Hybond N + filters. Hybridization of RNA blots was carried
out with radiolabeled probes overnight at 42°C,
then the filters were washed twice with 3 ×
SSC, 0.1% SDS, and twice with 1 × SSC, 0.1%
SDS at 65°C as described [12].
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2.5. Promoter fusions and deletions
Fragments from A37 and cryptic promoters
were cloned into unique restriction endonuclease
cleavage sites of promoter testing vector pPCV812
[5,19]. Thus, the A37 promoter was cloned as a
HindIII–BamHI genomic DNA fragment,
whereas a deletion series from the cryptic promoter was created by cloning SspI–BclI, XbaI–
BclI, BamHI–BclI, and HindIII–BclI fragments
of the cryptic promoter from plasmid pPCV62137 into pPCV812 (Figs. 1 and 6) [4,9]. Vector
constructs carrying the promoter fragments were
introduced into Arabidopsis and tobacco by
Agrobacterium-mediated transformation [5]. Expression of the uidA reporter gene was followed
by quantitative measurement of GUS-enzyme activity in four to six transgenic plants, as well as by
histochemical staining [20].

3. Results

3.1. Characterization of the A37 gene using a
promoter trap T-DNA insertion
In a T-DNA-tagged Arabidopsis line, Ath621 37, carrying a promoter trap aph(3 %)II reporter
gene fusion expressed in calli and roots, a single
T-DNA insertion was previously identified [4,9].
The promoter trap aph(3 %)II gene fusion was rescued in plasmid pPCV621-37 carrying a plant
genomic DNA fragment of 0.9 kb upstream of the
reporter gene [4]. This rescued plant DNA fragment was sequenced and used as hybridization
probe to isolate genomic and cDNA clones from
wild type lEMBL4 and lZapII Arabidopsis genomic and cDNA libraries, respectively. From
several overlapping genomic clones one was subjected to physical mapping with different restriction endonucleases (Fig. 1). Further mapping of
this genomic clone by Southern hybridization
identified an EcoRI fragment of 3.35 kb which
hybridized with the Arabidopsis DNA fragment of
0.9 kb flanking the aph(3 %)II reporter gene in the
promoter trap clone pPCV621-37. This EcoRI
fragment, as well as its SacI–EcoRI subfragments
of 1.3 and 2.2 kb, detected a single transcript of
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Fig. 1. Physical mapping and chromosomal localization of the A37 gene in Arabidopsis thaliana. (A) Determination of map position
of A37 gene on chromosome 3 by YAC hybridization. Regions of YAC clones CIC4H5, yUP3F2 and yUP3F2 hybridizing with the
A37 cDNA probe are labeled by gray box. The position of RFLP markers KG17 and MR1 within YAC clones CIC4H5 and
yUP3F2 is indicated. (B) Physical map of the A37 locus. (C) Structure of the A37 gene. The transcribed region and open reading
frame of A37 are indicated. The T-DNA insertion site and orientation of the aph(3 %)II reporter gene in the promoter trap
Arabidopsis line Ath621 -37 are shown by arrows. H, HindIII; E, EcoRI; X, XbaI; B, BamHI; C, ClaI; S, SacI; Ss, SspI; Hc, HindII;
A, AccI; Bg, BglII.

about 1.3 kb on Northern blots carrying RNA
purified from calli (Fig. 2b). Further resolution of
this region by hybridization (data not shown)
indicated that the whole EcoRI fragment of 3.35
kb carried only one transcribed region which was
located upstream of the T-DNA insertion and
transcribed opposite to the aph(3 %)II reporter gene
in the promoter tap Arabidopsis line Ath621 -37.
This conclusion was confirmed by sequencing
the EcoRI genomic DNA fragment of 3.35 kb
(Fig. 3, GenBank AF029981). Sequence comparison between the wild type (A37 ) and T-DNA
tagged (a37 ) loci revealed that the T-DNA insertion occurred 0.52 kb upstream of an open reading frame (ORF) by dividing the EcoRI fragment
of 3.35 kb to two segments of 1.3 and 2.2 kb (Fig.
1). The genomic DNA sequence located upstream
of this ORF (and thereby upstream of the TDNA target site defined by the plant DNA junction with the promoterless aph(3 %)II reporter gene

in Ath621 -37, [4,9]) did not reveal any ORF.
Moreover, sequence homology searches in the
GenBank/EMBL database did not identify any
homology to this genomic DNA segment which
showed very low coding probability (data not
shown). Therefore, it appeared that the T-DNA
tag landed in a non-coding sequence located upstream of a gene, termed A37, in the Ath621 -37
promoter trap line. Because the A37 ORF of 942
bp showed opposite polarity to the aph(3 %)II gene
fusion identified in Ath621 -37, it became evident
that the expression of this reporter gene fusion
was driven by a cryptic promoter. Since the distance between the ATG codons of aph(3 %)II reporter gene and A37 ORF was only 520 bp, the
sequence data indicated that the T-DNA tag
landed in the upstream promoter region of A37
gene which was able to activate transcription with
a polarity opposite to that of A37 ORF. In fact,
sequence analysis predicted that the distance be-

L. O8 krész et al. / Plant Science 138 (1998) 217–228

221

that the A37 gene contained no intron. The 5%-end
of A37 cDNA corresponded in fact to the position
of a putative transcription initiation motif predicted by sequence analysis of genomic DNA
(Fig. 3).

3.2. The A37 gene encodes an ortholog of
e6olutionarily conser6ed SNZ proteins

Fig. 2. Analysis of A37 gene expression. (A) Northern blot
hybridization of RNA samples purified from different organs
of wild type Arabidopsis plants. Total RNA samples (20 mg)
were resolved by electrophoresis in denaturing agarose gels,
blotted onto Hybond nylon membranes, and hybridized with
radiolabelled A37 cDNA. C, callus; R, root; S, stem; L, leaf.
(B) Northern blot hybridization of callus RNA samples with
probes derived from the A37 genomic EcoRI fragment of 3.35
kb. (A) EcoRI – SstI fragment of 1.3 kb; (B) EcoRI– SstI
fragment of 2.2 kb. (C) Hybridization of A37 cDNA probe
with RNA samples prepared from Arabidopsis (Col-1) cell
suspension culture (samples 1–5) and seedlings (samples 6–7)
following treatments with 1 mM ABA and 200 mM NaCl. Cell
suspension culture (1) no treatment; (2) ABA treatment for 20
min; (3) NaCl treatment for 20 min; (4) NaCl treatment for 6
h; (5) ABA treatment for 6 h. Seedlings (6) no treatment; (7)
NaCl treatment for 6 h.

tween transcription initiation sites of aph(3 %)II
and A37 genes was only 302 bp (Fig. 3). To
support these data, an Arabidopsis cDNA library
was screened with probes carrying plant DNA
sequences located upstream and downstream of
the T-DNA integration site in Ath621 -37. The
cDNA screening yielded clones showing identity
solely with the A37 gene. A full-length A37 cDNA
of 1352 bp (GenBank AF029980) carried an untranslated 5%-leader of 220 bp, an open reading
frame of 942 bp, and a 3%-untranslated sequence
of 175 bp followed by a poly(A) track. The A37
cDNA and genomic sequences showed a perfect
identity (except for the polyA track) indicating

The A37 ORF was found to encode a putative
polypeptide of 314 amino acids with a predicted
molecular mass of 33.8 kDa and an isoelectric
point of 5.47. The amino acid sequence showed a
surprisingly high level of identity with several
known protein sequences from plants, yeast, bacteria and archaebacteria. Homologs of A37 included proteins encoded by the ethylene-induced
HEVER-1 gene in He6ea brasiliensis (HEVERP1A, [21]), SLEXORFA-1 in Stellaria longipes
(STLONG – ORF, GenBank X71601), SNZ genes
in yeast (YFF9 – YEAST, YMR09 – YEAST, [10]),
and SNZ-like genes from Bacillus subtilis
(YAAD – BACSU,
GenBank
D26185),
Haemophilus influenzae (YG47 – HAEIN, GenBank U32837) and Methanococcus 6anielii
(MVAN – ORF, [22]) (Fig. 4). ClustalW analysis
of phylogenic relationships showed, as expected,
that HEVER-1 from rubber tree is the closest
known homolog of A37 (Fig. 4). In addition, two
Arabidopsis expressed sequence tags (ESTs, GenBank C72151 and Z17740) sharing significant sequence similarity with A37 were detected in the
database indicating that at least two other SNZlike genes are present in the Arabidopsis genome.
SNZ homologs were found to represent one of
the most evolutionarily conserved protein families
[10] that share some domain similarity with an
indole-3-glycerol-phosphate
synthase
from
Haloferax 6olcanii (GenBank P18307) and small
subunits of bacterial D-amino acid dehydrogenases. Nonetheless, database searches offered no
reliable information about the function of A37
and other SNZ proteins. Two potential casein
kinase phosphorylation sites (a SVAD motif at
amino acid position 128–131, and a TPAD motif
between positions 238 and 241) in conserved
SNZ-domains and a N-myristylation site in a
similarly
conserved
hydrophobic
domain
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Fig. 3. Nucleotide sequence of the A37 gene and amino acid sequence deduced from the A37 cDNA. Target site of the T-DNA
insertion is marked by a vertical arrow. Putative TATA and CAAT boxes, as well as polyadenylation signals, are labeled by
arrow-headed lines below the sequence. Potential regulatory sequences are framed, translation initiation and termination codons are
underlined.
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(GVFVGS motif between amino acid positions
252 – 257) were characteristic for A37 and all
other SNZ-like proteins. Recognizing an acylation consensus sequence and hydrophobic nature
of the C-terminus, computer analyses predicted
that A37 may be membrane-associated protein.
Other apparent organelle or membrane localization signals were however not identified in the
A37 amino acid sequence using the PSORT
method (http://psort.nibb.ac.jp).

3.3. Chromosomal mapping and characterization
of the A37 gene
Southern hydridization with the A37 cDNA
probe detected under stringent conditions only a
single genomic DNA fragment in both Arabidopsis ecotypes Columbia (Col-1) and Landsberg
(Ler-0) indicating that A37 is a single copy gene
(Fig. 5A). Since no RFLP was detected between
Col-1 and Ler-0, the chromosomal position of
A37 locus was determined by hybridization of
the A37 cDNA probe to filters carrying the Arabidopsis yeast artificial chromosome (YAC) libraries CIC and yUP [14 – 17]. The A37 probe
detected three YAC clones: CIC4H5, yUP3F2,
and yUP3E10 (Fig. 5B). CIC4H5 and yUP3F2
were already known to map to chromosome 3-35
cM, a position flanked by RFLP markers KG17
and MR1 (http://genome-www.stanford.edu/Arabidopsis/, Fig. 1). The A37 probe hybridized to
identical DNA fragments in all three YAC
clones and genomic DNAs from both Col-1 and
Ler-0 Arabidopsis ecotypes (Fig. 5). Because the
YAC clones overlapped, an apparent gap between Contigs defined by RFLP markers KG17
and MRI could be closed by A37 on the available physical map.
RNA hybridization analyses with the A37
cDNA probe detected characteristic tissue specific differences in the expression pattern of A37
gene. The highest level of steady-state A37
mRNA was observed in callus cultures indicating
that expression of the A37 gene is enhanced in
dividing plant cells. The levels of A37 mRNA
were significantly lower in leaves, stems, and
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roots (Fig. 2). To characterize in more detail the
expression pattern of A37 gene, the promoter
region (extending from position − 1197 to +
465) was fused as a HindIII–BamHI fragment
to an uidA reporter gene in pPCV812 [5] and
introduced into Arabidopsis. Supporting the results of transcript analysis, high GUS activities
were detected in meristematic tissues of vascular
system in leaf, stem, root and inflorescence, as
well as in calli, especially in regenerating tissues
composed of fast proliferating and differentiating
cells (data not shown). Inspection of the A37
promoter sequence has identified potential bZIPbinding G-box motives (at positions − 111, −
286, −308, − 892, and − 1151), and other
putative binding sites for HD-bZIP (at positions
− 252 and − 362), myb (at positions − 253, −
317, − 397, and − 1131), and silencer T-boxbinding SBF1 (at positions − 416, and − 719)
transcription factors (http://transfac.gbf-braunschweig.de, [23,24]). A TATA-box consensus sequence occurred only once in reverse orientation
at position − 269 followed by a CAAT-box element at position − 250. This TATA-element was
thus flanked by two perfect G-box motives (at
− 111 and −286) suggesting that the promoter
region between − 286 and − 111 may initiate
transcription bidirectionally when placed in a
proper context of initiation sequences. Such
proper initiation sequence was however found to
occur only at a position corresponding to the
5%-end of A37 transcript in the genomic DNA
sequence.
Because bZIP-binding sites were found to be
essential for transcriptional regulation of numerous plant promoters in response to stress stimuli, we have tested the inducibility of A37 gene
expression in proliferating cell cultures and
seedlings treated with ABA and NaCl (Fig. 2C).
Expression of A37 showed however no response
to brief or prolonged ABA or NaCl treatments
in cell cultures and seedlings indicating that, if
transcription of A37 was indeed controlled by
stress in analogy to other SNZ-genes, factors
other than ABA and salt are involved in the
regulation of A37 gene.
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Fig. 4.
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3.4. Deletion mapping of the cryptic promoter in
Ath621 -37
Because both physical mapping and sequencing
data indicated that the aph(3 %)II reporter gene was
transcribed in the promoter trap line Ath621 -37 by
a cryptic promoter located within the A37 gene, a
series of deletions was constructed to exactly map
DNA sequences required for this cryptic promoter
activity. A37 sequences extending from position
+ 680 to the T-DNA insert junction at position
− 302 (Fig. 3) were shown to function as promoter
driving aph(3 %)II and gus reporter gene expression
in a callus and root specific fashion in Arabidopsis
[4,9]. In fact, a putative TATA-sequence localized
previously in the vicinity of T-DNA integration
site proved to be identical with the TATA-consensus found at position −269 in the A37 promoter.
Thus, sequences of the cryptic promoter appeared
to overlap with that of the A37 promoter in
reverse orientation.
A HindIII– BclI fragment of 0.9 kb (Fig. 6,
H/T) carrying the cryptic promoter between positions +680 and − 302 was cloned upstream of
an uidA reporter gene in pPCV812 and transformed into tobacco. As expected, the cryptic
promoter drove GUS expression only in roots.
The level of GUS enzyme activity conferred by
this cryptic promoter was about one order of
magnitude lower in comparison to that measured
in control plants expressing an uidA reporter gene
under the control of Cauliflower Mosaic Virus
35S promoter (data not shown). A 5%-deletion
shortening the cryptic promoter to position +465
marked by a BamHI site within the A37 coding
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sequence (Fig. 6, B/T) resulted in a reduction of
GUS expression by 50%. This deletion removed
from the cryptic promoter an as-1 motif (Fig. 3,
TGATCA at position + 620, [25]) and two putative myb-binding sites (at positions +668 and
+ 576). Further deletions extending to XbaI (at
position + 50) and SspI (at position − 196, Fig.
3) sites in A37 inactivated the cryptic promoter
and reduced GUS expression to a background
level (Fig. 6, X/T and Ss/T). Between the BamHI

Fig. 5. Confirmation of A37 chromosomal mapping data by
Southern hybridization. (A) Hybridization of A37 cDNA
probe with Arabidopsis genomic DNAs isolated from Columbia (Col-1, C) and Landsberg erecta (Ler-0, L) ecotypes after
digestion with KpnI, XbaI, and EcoRI. (B) Hybridization of
A37 cDNA probe to EcoRI-digested DNAs from YAC clones
CIC4H5, yUP3F2, and yUP3E10.

Fig. 4. (A) Multiple alignment of predicted A37 amino acid sequence (ATA37) with related plant, yeast and bacterial SNZ-like
proteins. A37 shares an amino acid sequence identity of: 62.9% with HEVER1PA (HEVER-1 from H. brasiliensis), 60.3% with
STLONG-ORF (SLEXORFA-1 from S. longipes), 48.9% with YAAD – BACSU (B. subtilis SNZ homolog), 48.9% with YFF9 –
YEAST (Snz3p from yeast), 45.5% with YMR09 – YEAST (Snz1p from yeast), 47.7% with YG47 – HAEIN (H. influenzae
SNZ-homolog), and 48.5% with MVAN – ORF (SNZ protein encoded by a gene in the rRNA region of M. 6anielii ). Identical (*)
and similar (.) amino acids are indicated, conserved sequence domains are framed. Potential casein kinase II phosphorylation sites
(P) and a N-myristylation sequence (M) are marked by gray boxes. (B) ClustalW analysis of phylogenetic relationship between SNZ
orthologs: Mycobacterium leprae MLCL581.12c (EMBL Z96801), Mycobacterium tuberculosis MTCY1A10 (EMBL Z95387),
Haemophilus influenzae YG47-HAEIN (Swissprot P45293), Saccharomyces cere6isiae YFF9-YEAST (Swissprot P43545, Snz3p),
YN73 – YEAST (Swissprot P53824, Snz2p), and YMR09 YEAST (Swissprot Q03148, Snz1p), Methanococcus jannaschii MJ0677
(TIGR U67515), Methanococcus 6annielii MJ0677 (Swissprot Q50841), Bacillus subtilis YADD-BACSU (Swissprot P37527),
Schizosaccharomyces pombe SPAC29B12 (EMBL Z99164), Stellaria longipes STLONG ORF (Swissprot Q41348), He6ea brasiliensis
HEVERP1A (GenBank M88254) and Arabidopsis thaliana ATA37 (GenBank AF029980).
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Fig. 6. Deletion mapping of the cryptic promoter region within the A37 gene. (A) Schematic physical map of the A37 promoter
region in the promoter trap line Ath621 -37. Abbreviations are identical with those in Fig. 1. (B) Promoter fragments cloned
upstream of an uidA reporter gene in pPCV812 and their activity in transgenic tobacco plants. A37 promoter: H/B, HindIII – BamHI
fragment. The cryptic promoter constructs carried a common 3%-end corresponding to the T-DNA insertional target site (T), whereas
their 5%-ends were marked by HindIII (T/H), BamHI (T/B), XbaI (T/X), and SspI (T/Ss) restriction endonuclease cleavage sites
located in the A37 gene as described in the text. Bars show average GUS activities measured in root (R) and combined leaf and stem
(L/S) tissues of four to six randomly chosen transgenic tobacco plants. GUS enzyme activity units are given in pM MU/min per mg
protein units. MU, 4-methylumbelliferone.

and XbaI sites in the A37 transcribed region a
single palindromic repeat for an ocs-binding site
(TGACG, at position +230, Fig. 3) was found
which was previously shown to direct root specific
expression of reporter genes when placed upstream of a minimal TATA-box promoter [25,26].
This region, including the ocs sequence motif just
dowstream of the A37 translational initiation site,
appeared thus to be essential for root specific
activity of the cryptic promoter identified by the
promoter trap T-DNA tag in Ath621 -37.

4. Discussion
The data described above direct attention to a
common problem of in vivo transcriptional gene

fusion studies using T-DNA insertional mutagenesis in plants. Previously, we isolated a T-DNA
tag derived from the pPCV621 gene fusion vector
which has integrated into a transcribed chromosomal locus in the promoter trap Arabidopsis line
Ath621 -37 [4]. The T-DNA of pPCV621 vector
was designed to detect transcriptional gene fusions by monitoring the activation of a promoterless aph(3 %)II gene in vivo. In Ath621 -37, a single
T-DNA insertion was observed to result in callus
and root specific activation of the aph(3 %)II
marker gene [4,9]. However, sequence analysis of
wild type and T-DNA tagged genomic loci did
not confirm the prediction that the aph(3 %)II gene
was fused to a plant ORF in Ath621 -37. Instead,
the data demonstrated that the T-DNA-linked
aph(3 %)II reporter gene was transcribed by a cryp-

L. O8 krész et al. / Plant Science 138 (1998) 217–228

tic promoter which was mapped to promoter and
coding domains of Arabidopsis gene A37 located
in the vicinity of T-DNA insertion. Sequences
constituting this cryptic promoter contributed to
transcription of the A37 gene with reverse polarity. This data supports the previous observations
[7] indicating that the activation of promoterless
reporter genes in enhancer traps may not always
identify T-DNA tags in transcribed plant genes.
Genomic sequences functioning as cryptic promoters were also reported in animals [27]. In
contrast to previous studies, our data demonstrate
that DNA sequences functioning as a cryptic promoter can be assigned to an actively transcribed
chromosomal locus located in the vicinity of a
promoter trap T-DNA insert. In case of Ath621 37, sequence analysis identified several known cisregulatory elements in the cryptic promoter.
Intriguingly, the cryptic promoter appeared to
share a common TATA-box with the A37 promoter that promoted transcription with opposite
polarity. Although a G-box sequence [24] occurred in proper distance upstream of the TATAbox, deletion analysis revealed that cis-regulatory
sequences required for root specific activity of the
cryptic promoter, including a consensus ocs element [25,26], were in fact located within the coding region of A37 gene.
Further characterization of the A37 gene and
derived cDNAs showed that A37 codes for an
ortholog of SNZ proteins in Arabidopsis, the sequence of which is conserved between plants,
yeast, bacteria and archaebacteria. Conservation
of sequence and structure of SNZ homologs suggests that the A37 protein performs an essential
function. Synthesis of SNZ proteins in budding
yeast is induced in cells entering the stationary
phase, whereas an SNZ homolog in Bacillus subtilis plays a role during initiation of sporulation.
It is thus probable that the function of conserved
SNZ proteins is related to an ancient growth
regulatory pathway controlling cellular responses
to nutrient limitation [10]. HEVER-1, a gene coding for an SNZ protein in rubber tree, is known
to be activated by ethylene and salicylic acid
during senescence and in response to pathogenic
infection [21]. Similarly to SNZ proteins of yeast,
HEVER1-homologs are encoded by a gene family
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in rubber tree. Although A37 appears to be a
single copy gene, the occurrence of homologous
EST sequences in the database suggests that SNZlike proteins may also encoded by a small divergent gene family in Arabidopsis. Although the
function of A37 protein remains elusive, it is
possible that SNZ homologs in Arabidopsis, rubber tree and other plants perform a similar function as their counterparts in prokaryotes and
yeast. Further elucidation of the function of A37
protein is therefore expected to answer many intriguing questions about the role played by SNZproteins in unicellular and multicellular organisms.
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T13182), the TéT foundation (M-5/94), the EU
Phare-Accord programme (Grant: 9112-0148),
and the DFG (Grant: 436 UNG 113/117, Sche
220/5-1) in frame of scientific exchange agreement
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T-DNA integration: a mode of illegitimate recombination
in plants, EMBO J. 10 (1991) 607–704.
[10] E.L. Braun, E.K. Fuge, P.A. Padilla, M. Werner-Washburne, A stationary-phase gene in Saccharomyces cere6isiae is a member of a novel, highly conserved gene
family, J. Bacteriol. 178 (1996) 6865–6872.
[11] C. Nawrath, J. Schell, C. Koncz, Homologous domains
of the largest subunit of eukaryotic RNA polymerase II
are conserved in plants, Mol. Gen. Genet. 223 (1990)
65 – 75.
[12] J. Sambrook, E.F. Fritsch, T. Maniatis, Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY, 1989.
[13] S.L. Dellaporta, J. Wood, J.B. Hicks, A plant DNA
mini-preparation: version II, Plant. Mol. Biol. Rep. 1
(1983) 19 – 21.
[14] F. Creusot, E. Fouilloux, M. Dron, et al., The CIC
library: a large insert YAC library for genome mapping in
Arabidopsis thaliana, Plant J. 8 (1995) 763–770.
[15] J.R. Ecker, PFGE and YAC analysis of the Arabidopsis
genome, Methods 1 (1990) 186–194.
[16] E. Matallana, C.J. Bell, P.J. Dunn, M. Lu, J.R. Ecker,
Genetic and physical linkage of the Arabidopsis genome:
Methods for anchoring yeast artificial chromosomes, in:
C. Koncz, N.-H. Chua, J. Schell (Eds.), Methods in
Arabidopsis Research, World Scientific, Singapore, 1992,
pp. 144 – 169.
[17] S. Gibson, C. Somerville, Chromosome walking in Arabidopsis thaliana using yeast artificial chromosomes, in: C.
Koncz, N.-H. Chua, J. Schell (Eds.), Methods in Ara-

.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

bidopsis Research, World Scientific, Singapore, 1992, pp.
119 – 143.
K. Pawlowski, R. Kunze, S. de Vries, T. Bisseling, Isolation of total poly(A) and polysomal RNA from plant
tissues, in: S. Gelvin, R. Schilperoort (Eds.), Plant Molecular Biology Manual, vol. D5, Kluwer Academic, Dordrecht, The Netherlands, 1994, pp. 1 – 13.
R. Walden, C. Koncz, J. Schell, The use of gene vectors
in plant molecular biology, Methods Mol. Cell. Biol. 1
(1990) 175 – 194.
R.A. Jefferson, T.A. Kavanagh, M.W. Bevan, GUS fusions: b-glucuronidase as a sensitive and versatile gene
fusion marker in higher plants, EMBO J. 6 (1987) 3901 –
3907.
S. Sivasubramaniam, V.M. Vanniasingham, C.-T. Tan,
N.-H. Chua, Characterization of HEVER, a novel stressinduced gene from He6ea brasiliensis, Plant Mol. Biol. 29
(1995) 173 – 178.
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