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The Arabidopsis thaliana genome contains at least 50 predicted
AtCMPG genes. The encoded protein family is defined by a com-
mon domain possessing four strictly conserved amino acid residues
[Cys, Met, Pro, and Gly (CMPG)] that designate the family. Two
members, AtCMPG1 and AtCMPG2, with high sequence similarity
to the previously described, immediate-early pathogen-responsive
PcCMPG1 gene from Petroselinum crispum were selected for anal-
ysis of their expression modes and defense-related promoter
elements. Among the most striking similarities with PcCMPG1 were
immediate-early transcriptional activation on infection or treat-
ment with a pathogen-derived elicitor and the functional impor-
tance of a W-box-containing AtCMPG1 promoter element. Remark-
ably, this strongly pathogen/elicitor-responsive element, F, did not
respond to wounding, in contrast to the AtCMPG1 promoter itself.
Comparative analysis, both within the A. thaliana genome and
across species, provided further insight into the large structural
diversity of W-box-containing elements. Possible roles of AtCMPG
proteins in regulatory processes are discussed with reference to a
large variety of family members, partly with assigned functions,
from plants as well as animals.

he family of CMPG proteins was recently identified on the

basis of extensive sequence similarity within one character-
istic domain among otherwise seemingly unrelated regions (1).
A domain consensus sequence was inferred from the original
representative, PcCMPG], in the context of more than 20
homologs from Arabidopsis thaliana and other plant species. This
consensus included several strictly conserved amino acid resi-
dues, beginning with the four residues (Cys, Met, Pro, and Gly)
designating the family. Particular interest in the PcCMPG1 gene
and the encoded protein arose from its suspected function as a
transcriptional regulator in pathogen defense (1). With the
genomic sequence of A. thaliana almost fully established (2), a
comprehensive analysis of the entire CMPG family in this species
is now possible, as is a comparison of selected AtCMPG genes
with PcCMPG]1.

Among the characteristic features of PcCMPG]I is the unusu-
ally rapid, immediate-early induction of the encoding mRNA by
a pathogen-derived elicitor or by cycloheximide (1). Particularly
noteworthy is an exceptional type of pathogen- or elicitor-
responsive W-box-containing element within the PcCMPGI
gene promoter, which does not respond to wounding and may
therefore bear potential for new approaches to disease resistance
breeding in crop plants (1). Here we analyze a structurally and
functionally related Af*CMPG]1 gene promoter element, compare
the expression patterns of the pathogen-responsive AtCMPG1
and AtCMPG?2 genes with those of PcCMPGI in parsley, and
discuss possible functions of the CMPG protein family.

Materials and Methods

Plant Material. A. thaliana ecotype Columbia 0 plants were grown
in illuminated phytochambers (=500 wE-m~2s~!) either under
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short-day conditions (8 h) for leaf development or under long-
day conditions (14-16 h) for flower induction. Parsley (Petroseli-
num crispum; ref. 3) and A. thaliana (ecotype Columbia 0, line
At7) cells (4) were propagated as previously reported.

Elicitor Treatment and Infections. A crude Pmg elicitor preparation
(5), synthetic Pmg-derived Pep25 elicitor (6) or a synthetic
flagellin-derived elicitor (7) were added to cultured cells as
indicated, using final concentrations of 50, 0.3, or 2.3 pg/ml,
respectively. Pseudomonas syringae pv. tomato strain DC3000
was cultivated and vacuume-infiltrated into leaves by using a titer
of 10® colony-forming units (cfu)/ml (8). Homogenized myce-
lium of Alternaria brassicicola strain MUCL20297 (9) was ap-
plied in droplets and conidiosporangia of Peronospora parasitica
pv. Cala2 (1) were spray-inoculated onto leaf surfaces.

Transgenic Plants. Plants were transformed using the floral-dip
method (10), Agrobacterium tumefaciens GV3101 (11), and the
binary Ti vector pGPTV (12) harboring promoter fragments
upstream of the GUS reporter gene. Seeds from transformed
plants were surface-sterilized with 70% and 95% ethanol, stored
at 4°C for 2 days, and germinated on 0.8% agar (1). Plants from
the T2 and T3 generation were analyzed for B-glucuronidase
(GUS) expression (13).

Molecular Methods. The At{CMPGI gene was isolated by hybrid-
ization of a filter containing DNA from 9,216 bacterial artificial
chromosome (BAC) clones (14) with a random 3?P-labeled
cDNA probe. Recombinant DNA techniques were conducted
according to standard protocols (15, 16). Rapid amplification of
cDNA ends (RACE) was performed using the 5'/3’-RACE Kit
(Boehringer Mannheim) according to the manufacturer’s in-
structions. Total extracted RNA or digested genomic DNA (10
png) was separated on 1.3% formaldehyde-agarose or 0.8%
agarose gels, respectively, and transferred onto Nylon membrane
(17). cDNAs were 3?P-labeled by random priming and used for
hybridization under stringent conditions (18). Promoter frag-
ments were translationally fused either directly to the GUS
reporter gene or with the 35S minimal promoter in between (1).
Parsley or A. thaliana protoplasts (=2 X 10°) were transfected
(19) using 10 pg of Scal-linearized plasmid and assayed for GUS
activity (13) 6 h post-transfection. The GCG software package
(WISCONSIN PACKAGE VERSION 10.0, Genetics Computer Group,
Madison, WI) was used for DNA sequence analysis. The FIND-
PATTERNS program of the same package was used for promoter

Abbreviations: CMPG, Cys/Met/Pro/Gly-containing; GUS, B-glucuronidase.
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Fig. 1. Timing of AtCMPG1 and AtCMPG2 mRNA induction in Pmg elicitor-
treated, suspension-cultured cells (A) and in P. syringae-infected leaves of A.
thaliana (B) [incompatible interaction; compatible interaction essentially sim-
ilar (not shown)].

element searches within 499 bp upstream of all ORFs contained
in the MIPS database (http://mips.gsf.de/) as annotated by
November 2001.

Protein Sequence Analysis. All protein sequences were obtained by
BLAST analysis (20) of the TAIR (http://www.arabidopsis.org/)
and GenBank databases (http://www.ncbi.nlm.nih.gov/) using
an E value cut-off of 1 X 107°. A neighbor-joining tree of
uncorrected pair-wise distances between protein sequences
(alignment available onrequest) was constructed using CLUSTALW
(21). Gapped sites were excluded.

Results

Structural Analysis of Selected AtCMPG Genes. When this study was
initiated, the A. thaliana genome sequence was only partially
complete. Of all predictable AfCMPG genes accessible in the
databases, the two closest relatives of PcCMPGI, designated
AtCMPG]I and -2, were chosen for further analysis. Whereas the
entire sequence was available for Af{CMPG2, AtCMPG] existed
only in the form of a 476-bp expressed sequence tag (EST) and
was cloned and sequenced from a BAC library. The deduced
AtCMPGI1 (48.2 kDa) and AtCMPG2 (46.8 kDa) proteins are
45% and 30% sequence identical, respectively, to PcCMPG1.
Both are most probably encoded by single-copy genes, as indi-
cated by genomic DNA-blot and database analyses. The tran-
scriptional start sites of the two intronless genes, as determined
by RACE, are located 117 bp (AtCMPG1) and 94 bp (AtCMPG2)
upstream of the predicted translational start sites.

mRNA Expression Modes. RNA gel-blot analysis indicated very
similar relative mRNA abundance for A#fCMPG1 and -2. Both
were very low or undetectable in all major plant organs or cell
types, except roots, suspension-cultured cells, and, to a much
lesser extent, senescing leaves (data not shown). Expression in
roots was probably due to infectious soil conditions and was not
detectable in plants grown in sterilized, liquid MS (Murashige—
Skoog) culture medium under long-day (16 h), low-light condi-
tions. Other possible causes may have been the inevitable
wounding of roots during soil removal before analysis or dark/
light effects.
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Fig. 2. Expression modes of AtCMPG1 promoter/GUS constructs in trans-
genic A. thaliana plants. Promoter fragments of different lengths up to the
indicated positions (below panels) were tested for endogenous GUS expres-
sion (A; 6-week-old plant) and for responsiveness either to wounding [B-D;
5-week-old plant 4 h after wounding by cutting (Left) or squeezing with
forceps (Right)] or to fungal infections by P. parasitica pv. Cala 2 (E and F,
10-day-old primary leaves) or A. brassicicola (G-I; 5-week-old leaves). Infected
leaves were harvested 1 or 4 days postinoculation, respectively. Arrows mark
the positions of fungal mycelium. Mock-inoculated leaves are shown on the
Leftin E and F. The fragments tested were the same as constructs A-C in Fig.
3 (see below).

On treatment of cultured A. thaliana cells with a pathogen-
derived (Pmg) elicitor preparation, both mRNAs accumulated
rapidly, strongly, and transiently with similar time courses (Fig.
14). AtCMPG1 mRNA started from a lower background than
AtCMPG2 mRNA and increased and decreased even more
steeply around a common peak at about 30 min after addition of
elicitor. Similar, strong induction of both mRNAs by 10 uM
cycloheximide indicated an immediate-early response (22, 23).
Similar changes occurred in A. thaliana leaves on infection with
either an avirulent or a virulent race of the bacterial pathogen,
P. syringae pv. tomato DC3000 (with or without the avirulence
gene avrRPM1), as shown in Fig. 1B for the response to avirulent
bacteria.

Transgenic Plants. Major portions of the two gene promoters,
comprising 1147, 207, or 85 bp of Af*CMPG1, or 1382 or 522 bp
of AtCMPG2, were translationally fused to the GUS reporter
gene and the constructs used for generating transgenic A.
thaliana plants. Representative results from the analysis of at
least five independent AfCMPG1 lines each are shown in Fig. 2.
Constitutive expression was very low throughout the plants,
except roots (not shown) and receptacles (Fig. 24), as well as the
tips of siliques in the case of transgenic AtCMPG?2 plants.
Wounding (Fig. 2 B-D) or infection with either one of two
exogenously applied pathogens (Fig. 2 E-I) strongly induced
GUS activity in A#«CMPG1 plants bearing the —1147 or the —207
fragment, whereas the —85 fragment gave a very weak response.
Although injection of the bacterial pathogen, P. syringae pv.
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Fig. 3.

Functional analysis of the AtCMPG1 gene promoter. Elicitor (Pep25) responsiveness of promoter/GUS constructs was measured using the parsley

protoplast transfection assay. Absolute GUS activity (bars) and fold-induction values are means from at least six independent transfections. Constructs A-C are
direct translational fusions with the reporter gene, and constructs D-L contain the 3°S minimal promoter in between.

tomato, caused similar effects, this inoculation method was
inevitably associated with wounding, and mock injection of a
sterile MgCl, solution also induced GUS activity (see also Fig.
1B), rendering the bacterial contribution equivocal under these
assay conditions.

Promoter Deletions and Mutations. The apparent, critical part of
the AtCMPG1 gene promoter between positions —85 and —207
contains a short region with considerable similarity to the major
pathogen/elicitor-response element of the PcCMPG1 gene pro-
moter (1). In AtCMPG1, this region comprises three W-box core
sequences (TGAC; ref. 24). These were tested for functional
significance by using the parsley protoplast assay (Fig. 3).
Although direct translational fusions with the GUS reporter
gene gave only low induction values (Fig. 3, constructs A—C), the
results indicated an increase in inducibility on shortening of the
fragment from 1147 (A) to 207 bp (B), and a complete loss on
removal of the W-box-containing region (C). These effects were
more pronounced when the putative element-containing frag-
ment (positions —85 to —207) was combined with the 35S
minimal promoter from the cauliflower mosaic virus. Relative to
this construct (D), deletions from the 5’ (E) and additionally
from the 3’ end (F; positions —132 to —170) yielded increasingly
strong elicitor responsiveness, with highest values displayed by
the putative element proper (F). Mutation of the second of the
three W-box core motifs within F (G) further increased, rather
than decreased, the effect. By contrast, various other mutations
(H-L), including internal block mutations (H and I), an internal
deletion (J), or removal of either one of the 5'- and 3’-located
W-box motifs (K and L), had markedly negative effects.

Qualitatively, but not quantitatively, similar results were ob-
tained using protoplasts from cultured A. thaliana cells and a
system-adapted, flagellin-based peptide elicitor (7). However,
higher background activities and smaller elicitor effects than
achieved with the parsley system greatly impaired the sensitivity
of the assay. Nevertheless, the results confirmed the association
of elicitor responsiveness with element F.

Based on these results, F was tested in transgenic plants by the
same procedure as used above in Fig. 2. Plants harboring F in
dimerized form in front of the 35S minimal promoter and the
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GUS reporter gene responded strongly to fungal infection, but
not to wounding, similar to the results shown in Fig. 2 G and H.
The monomeric form gave no visible response under these
conditions, possibly because of the low sensitivity of the method.
Using monomers or dimers of E17 for comparison, the results
were very similar to those obtained with F.

Analogous attempts to identify an elicitor-responsive element
on the Af{CMPG2 gene promoter were unsuccessful. Although
this promoter contains a total of 11 W-box core motifs within
1,000 bp from the transcription start site, neither large fragments
(up to positions —1342 and —522) nor small fragments contain-
ing either all or 3'- or 5’-deleted versions of the structurally most
suspicious element, located at positions —43 to —87 (TC-
TCGTCAAAAAAGTGAAATTTGACGTCACCAAAGTT-
TGACTCTT), showed any elicitor responsiveness in the stan-
dard parsley or A. thaliana protoplast assays. None of the 11
W-box core motifs is embedded in a sequence similar to F.

Frequency of F in A. thaliana Gene Promoters. Moreover, no F-like
sequence, other than F itself in AtCMPGI, was found in a
database comprising all predicted A. thaliana gene promoter
regions up to 499 bp from the translational start sites. Twelve
mismatches had to be permitted before two additional 39-bp
regions could be identified, both of which, however, lacked W
boxes. A search for the basic W-box arrangement in F, as in
GTCAATGTCA(N;9)GGTCAA, yielded only F itself. Within this
arrangement, considerable relaxation of the W-box spacing, as in
GTCA(N;_4)GTCA(N;721)GTCA, was required to arrive at a
total of 32 promoter sequences containing three W-box cores
with similar spacing, but otherwise little consensus left. How-
ever, neither AfCMPG2 nor PcCMPGI were among this latter

group.

AtCMPG3-6. These results prompted us to select four additional
AtCMPG genes, with varying degrees of sequence similarity to
AtCMPGI and -2, for comparison with respect to both the
occurrence of W-box repeats in the promoter and expression
modes. The predicted phylogenetic relationships among all six
deduced AtCMPG proteins are shown below in the context of the
next paragraph (Fig. 4). In contrast to A#{CMPG?2 (see above),
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Fig. 4.

Predicted phylogenetic relationships among all proteins from A. thaliana and other species that follow the criteria for sequence similarity defined in

the text. See text also for explanation of symbols (filled and open circles) and definition of the three structural types 0-0. Numbers above branches indicate
frequencies within 100 bootstrap replicates (shown only for values >50%). Dark shading, functionally identified proteins; light shading, proteins reported to

be putative kinases.

none of these four additional Af*CMPG genes contained W-box
repeats (within positions up to —1000) with a spacing approach-
ing that observed for F. The mRNA expression levels in cultured
A. thaliana cells were either much lower than those of A#CMPG1
or -2 (Fig. 14) and remained largely unaffected by elicitor
(AtCMPG3 and -4), or were even too low to prove or disprove
elicitor-induced changes (4tCMPGS5 and -6). In A. thaliana
plants, at least some expression could be demonstrated by
reverse transcription (RT)-PCR for all six A#fCMPG mRNAs.

The AtCMPG Family. On the basis of the more complete 4. thaliana
data, we extended our similarity search (March 2002) to all

9052 | www.pnas.org/cgi/doi/10.1073/pnas.132277699

predicted proteins from this species. Fig. 4 depicts the apparent
phylogenetic relationship of those 46 identified members of the
AtCMPG family, as well as 18 presently known homologs from
this and other plant and animal species, that share =40%
sequence identity with AfCMPGI across a continuous stretch of
=50 aa. These criteria were chosen such that all six A#fCMPGs
analyzed, as well as PcCMPG1, were included in the survey.
With few exceptions, the 64 proteins (58 plant, 6 animal) can
be assigned to one of three structural types, largely overlapping
with clade membership, where the CMPG domain is located in
the N-terminal (type 1), central (type 2), or C-terminal part of

Heise et al.
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Fig.5. CMPG domain of AtCMPG1 (Upper) and consensus sequence derived
from all 50 AtCMPG proteins (=50% conserved; shaded and marked with dots,
fully conserved).

the protein (type 3). In five of the six A/{CMPG isoforms
investigated in this study, as well as in PcCMPGI1, the CMPG
domain is N-terminally positioned.

Discussion

These results demonstrate the existence of a sizable, hitherto
unrecognized family of CMPG proteins in A. thaliana. As
expected from the initial comparative approach, at least two
genes from this family, AfCMPGI and -2, share the special
property of immediate-early pathogen/elicitor responsiveness
with the reference gene from parsley, PcCMPGI (1). However,
the apparent, contrasting behavior of the four additionally
analyzed genes, AtCMPG3-6, including the closest structural
relative of AtICMPG 1, AtCMPGS5, suggests that primary structure
similarity is not necessarily correlated with gene regulatory
response. In this regard, the CMPG family appears to resemble
other large families of early or immediate-early inducible pro-
teins with diverse regulatory functions—e.g., the MYB (25) and
the Trp/Arg/Lys/Tyr-containing (WRKY) (26) protein fami-
lies, both of which are involved in gene regulation of multiple
metabolic domains.

Fig. 4 was confined to 64 structurally conserved proteins (see
above), including 46 members of the AfCMPG family and 18
related proteins from A. thaliana and several other species.
Gradual lowering of the stringency criteria yielded four addi-
tional A#{CMPG proteins (25-40% sequence identity with 4¢C-
MPG1 within stretches of =50 aa) and numerous homologs from
other plant or animal species, including various groups of RING-
and zinc-finger proteins (27, 28), U box-containing proteins (29),
and other functionally assigned proteins with about 25-35%
sequence identity to A#CMPG1 (again within stretches of =50
aa). The AtCMPG family proper thus comprises at least 50
members.

Nearly all proteins of Fig. 4 not only contain highly conserved
CMPG domains (Fig. 5), but also exhibit identical spacing of the
strictly conserved amino acids: Cys-Xxxe-Met-Xxxp-Pro-Xxxs-
Gly (indicated by filled circles in Fig. 4). In a few cases, open
circles indicate either the insertion of one (AAG50227,
NP_062693, AAD33400, and NP_176000) or six (AAK43499)
additional amino acids between Cys and Met, or a shift of the Pro
residue within the otherwise unaltered spacing (XP-092267:
Cys-Xxxs-Met-Xxx6-Pro-Xxx;-Gly). Two different types of no-
table exception are the A. thaliana proteins AAF26976 and
AAF02851. AAF02851 shares high sequence similarity with all
true CMPG proteins within the domain, but lacks one of the
conserved residues (Cys) and hence is not a member of the
AtCMPG family, whereas AAF26976, despite its particularly
high overall sequence similarity to A#«CMPG1 and PcCMPG,
lacks almost precisely the entire CMPG domain, which is thus
indirectly confirmed as a structural entity. RT-PCR demon-
strated low but unequivocal expression also for AAF26976.

The presence of the domain and the occurrence as well as
spacing of all four strictly conserved, nominal Cys, Met, Pro, and
Gly residues robustly define the CMPG family. This family
circumscription includes a few proteins that have elsewhere been
classified as CPI domain-containing (Cys/Pro/Ile) proteins (30),
albeit by less stringent criteria, or as AtPUB (plant U-box)
proteins based on moderate sequence similarity to the multiu-
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F TTGTCAAT-GTCATTARATTCARACATTCAACGGTCAATT

E17 TeTCAATGGTCA----—--——-, ACATTCAAC
D box TACARATTCAAACATTGTTCARACAAGGAACC

Fig.6. Structural comparison of Fwith E17 and D box. Functional W-box core
motifs are given in bold, underlined letters; dotted line, nonfunctional core
motif. Shaded areas in E17 and D box indicate sequence identity with F.

biquitin chain assembly factor (E4 ligase) UFD2 from yeast (31,
32). However, the CPI and AtPUB families are less inclusive than
membership assigned by the CMPG criteria.

Several previously identified protein families, largely compris-
ing DNA-binding transcription factors, contain two or more
distinct, functionally assigned domains that often cross-connect
entire families (33). By contrast, the CMPG family is character-
ized by a single, uniquely occurring domain, for which a func-
tionally unifying theme, however, has yet to be ascertained. Most
obvious is the frequent occurrence (shaded in Fig. 4) of estab-
lished or putative receptor protein kinase- and ubiquitinylation-
related proteins, as well as several RING- or zinc-finger proteins
with slightly lower sequence similarity. All of them act through
protein—protein interactions, suggesting that the CMPG domain
as the common structural element may be responsible for this
shared property. However, although this property may well be a
mechanistically unifying theme, only subsets of family members
seem to share specific metabolic functions, such as involvement
in pathogen defense. As the latter probably applies to AfCMPG1,
AtCMPG2, and PcCMPGI, their immediate-early induction by
elicitor may indicate an involvement in very early steps of
pathogen defense-related gene regulation either as transcrip-
tional regulators with or without kinase activity or as protein
degradation factors with or without ubiquitin ligase activity.
Both phosphorylation by MAP kinases (34, 35) and ubiquitin-
mediated degradation (36, 37) of regulatory proteins have been
reported to be key elements in pathogen defense, although the
actual molecular targets are still elusive.

Of all CMPG genes occurring in A. thaliana, AtCMPG1 is the
closest relative of PcCMPGI in terms of both structure and
implicit function. Most importantly in the context of our long-
term interest, this includes the occurrence of structurally as well
as functionally related pathogen- and elicitor-responsive pro-
moter elements, F and E17 (Fig. 6), which responded efficiently
in the parsley protoplast assay, and are unique on the respective
promoters. Both elements contain two functionally important
W-box motifs, albeit in different relative positions, and one
additional 9-bp motif that is likely to be of similar functional
importance (Fig. 3, construct I; ref. 1). With full allowance for
positional permutations of the individual components, E17 can
be regarded as a reduced version of F, with F possessing a fourth,
centrally located, functionally unassigned 10-bp sequence that is
lacking in E17. In contrast to its obvious dispensability in E17,
deletion of 9 bp of this region from F caused a strong reduction
of elicitor responsiveness (Fig. 3, construct J), similar to the
deletion of either one of the two functional W boxes. Notably,
no less than 12 bp from the central part of F, including most of
this 10-bp region, are fully identical with the 5’ half of yet another
strongly elicitor-responsive but W-box-free element from the
parsley PcPR2 gene (D box; Fig. 6 and ref. 38), indicating that
this sequence also has a role in pathogen defense.

W-Box core motifs, including tandem or multiple repeats
within individual elements (24, 39, 40), occur with high fre-
quency in pathogen- or elicitor-responsive gene promoters (26,
41). Most match the consensus sequence (C/T)TGAC(C/T) in
either orientation. Among these promoters is that of another
immediate-early elicitor-responsive gene from parsley,
PcWRKY1, encoding the W-box-binding protein WRKY1 (39).
This possibly autoregulated promoter likewise contains three
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closely spaced W-box motifs (Wapc; ref. 39), two of which are
essential for elicitor responsiveness. Their relative positions
again differ from those in F and E17, and there is little sequence
similarity outside the W boxes.

Thus, all three elicitor-response elements analyzed so far from
immediate-early activated genes feature two closely spaced,
functional W-box motifs, possibly indicating a specific asset of
this particular type of response within otherwise highly variable
arrangements. If F, E17, and Wapc indeed represented such a
specific type of W-box-containing response element, they would
be ideal tools for the identification of those transcriptional
regulators that are expected to act as direct links between
infection-induced, intracellular signaling cascades and the con-
sequential, extensive metabolic reprogramming of cells during
pathogen defense (42, 43). W-box-binding WRKY proteins (39)
would be among the most likely candidates, likewise with a high
probability of falling into functionally distinct subtypes (26).

Within A. thaliana, the closest relative of AtfCMPG1 in terms
of nucleotide sequence is AtCMPG5 (67% identity of the coding
regions; 55% identity of the deduced proteins). And yet, the
AtCMPG]1 and -5 promoters (up to 1,200 bp from the respective
translation start sites) show almost no similarity at all. One
notable exception is a 13-bp sequence (ATTCAATGGTCAA)
234 bp upstream of the predicted ATG start codon on the
AtCMPGS promoter, which is almost fully identical with the 3’
part of F and the 5’ part of E17 (one or two mismatches,
respectively), including one functional W-box motif in each case.
However, the isolated sequence, when analyzed as a 21-bp,
3’-extended version, was unresponsive to elicitor in both proto-
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plast assays (data not shown), in agreement with numerous other
cases where sequences of similar length bearing only one
potentially functional W-box motif responded either very poorly
or not at all to elicitor (e.g., fragments K and L in Fig. 3; refs.
1 and 39).

Taken together, these data verify F as a structurally unique
member of a specific class of W-box-containing promoter ele-
ments. Neither the closest structural (AtCMPGS5) nor putative
functional (4tCMPG?2) paralogs of AtCMPG1 contain strikingly
similar elements. Although extensive searches throughout the A.
thaliana genome indicated the frequent occurrence of all three
closely spaced motif combinations constituting F {three W-box
core motifs; two W-box cores with one D box motif in between;
two W-box cores with the CATTCAAC sequence in between
[e.g., GTCA(N;_20)CATTCAAC(N;_20)GTCA]}, the overall
spacing and sequence similarity to F, or E17, was very low in all
cases (data not shown).

This structural uniqueness, together with the remarkable lack
of wound responsiveness, a strongly synergistic action in various
artificial element combinations (ref. 38 and preliminary results),
and the exceptional combination of very rapid, transient, local-
ized, and specific, yet broadly acting, pathogen responsiveness,
may render F, as well as E17 (1), particularly suited for designing
new types of gene technology-based disease resistance mecha-
nisms in crop-plant breeding.
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