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using the expression s, to convey the meaning m,.
Similarly, Qu = (s, m)/Zlsy, m) = w(my, s,) is
the probability of interpreting the expression s, to
mean m;. The need to communicate meanings is
related to events in the shared world of the linguistic
community. Therefore, one can define a measure o
on the set of possible meanings (27) that speakers
and hearers might wish to communicate with each
other. Given this, we can define a; = tr[P(DA(QW)T],
where A is a diagonal matrix such that A; = a(m)).
This is the probability that an event occurs and is
successfully communicated from a user of G, to a
user of G, F(G,G)) is the probability that users of G,
will have a successful communication with each oth-
er. Communication might break down in one of two
ways: (i) poverty: an event happens whose meaning
cannot be encoded by G, and (i) ambiguity: an event
happens whose meaning has an ambiguous encoding
in G, leading to a possibility of misunderstanding.
Thus, F(G,G,) is a number between 0 and 1 and
denotes the fitness of G,. Maximum fitness, F(G,G) =
1, is achieved by grammars that can express every
possible meaning (zero poverty) and have no ambi-
guities.

To study the effect of finite (small) population sizes,
the deterministic Eq. 1 is replaced by a stochastic
process. In this case, we observe that the population
adopts one of the candidate grammars (that admits a
stable equilibrium) for some time and then jumps to
another equilibrium. If the candidate grammars differ
in their fitness, then the stochastic process performs
an evolutionary optimization on the space of all
grammars.

Denote by x; the fraction of individuals who use G, of
universal grammar U,; denote by y; the fraction of
individuals who use G, of universal grammar U,. U,
and U, contain, respectively, n, and n, candidate
grammars. Some of the candidate grammars can be
part of both universal grammars. The universal gram-
mars, U, and U,, can also differ in the number of
sample sentences, b, and b,, that are being consid-
ered. Therefore, we have to take into account the
rate of producing offspring with grammatical com-
munication; this rate is given by the declining func-
tion r(b). An alternative interpretation is that r(b)
describes the cost that is associated with learning.
The dynamics are described by

i,»zr(b1)z x/-f/‘”Q/‘,”Ad)x,‘ i=1,...n

j=1

Ji=rib) 3 yPfPQP ~ by, i=1.umg

j=1
We have (™ = 37 xF(G{™, GI") + 32 y,F(GI™,
G@),m € (1,2),and = S fV xr(b) + £72 £
y;r(b,), where the superscripts 1 and 2 refer to U, and
U,, respectively.
In general, it is advantageous to reduce the size of the
search space, because a smaller n leads to a larger
accuracy of grammar acquisition. The situation is
more complex, however. Consider two universal
grammars U, and U, with n, > n,. Suppose U, is
resident and U, is an invading mutant. If n, exceeds
the coherence threshold, then U, will always out-
compete U,. If n, is below the coherence threshold,
then U, can only invade if the specific grammar
adopted by the population of U, speakers is also
part of U,; otherwise U, can resist invasion by U,.
The selective difference between U, and U, is
small if both n, and n, values are either well above
or well below the coherence threshold. Hence,
selection is strongest close to the coherence
threshold (if n, ~ n,).
This problem has been solved before, in a different
context. How many words, N, can be stably main-
tained in a population if each child hears b words
during its language acquisition period and has a
probability, p, to memorize a new word after one
encounter? The answer is N < bp [M. A. Nowak, J. B.
Plotkin, V. A. A. Jansen, Nature 404, 495 (2000)].
The implicit assumption here is, of course, that the
rule-based grammars can generate at least these N
sentence types. In a principles and parameters frame-
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work, condition 4 implies that the number of param-
eters k has to be less than N.
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Broad-Spectrum Mildew
Resistance in Arabidopsis
thaliana Mediated by RPWS8

Shunyuan Xiao, Simon Ellwood, Ozer Calis, Elaine Patrick,
Tianxian Li, Mark Coleman, John G. Turner*

Plant disease resistance (R) genes control the recognition of specific pathogens
and activate subsequent defense responses. We show that the Arabidopsis
thaliana locus RESISTANCE TO POWDERY MILDEWS8 (RPWS) contains two nat-
urally polymorphic, dominant R genes, RPW8.1 and RPW8.2, which individually
control resistance to a broad range of powdery mildew pathogens. Although the
predicted RPW8.1 and RPW8.2 proteins are different from the previously char-
acterized R proteins, they induce localized, salicylic acid—dependent defenses
similar to those induced by R genes that control specific resistance. Apparently,
broad-spectrum resistance mediated by RPW8 uses the same mechanisms as

specific resistance.

The majority of characterized R genes partic-
ipate in gene-for-gene interactions, in which
the R product appears to act as a receptor that
recognizes a product of the corresponding
avirulence (4vr) gene from the pathogen, in-
ducing defense responses. The R gene—medi-
ated defenses typically involve a rapid, local-
ized necrosis, or hypersensitive response
(HR), at the site of infection, and the local-
ized formation of antimicrobial chemicals
and proteins that restrict growth of the patho-
gen (I, 2). Many crops rely on R genes for
resistance to specific pathogens, but resis-
tance fails in the presence of strains of the
pathogen that lack the corresponding Avr
genes. Broad-spectrum disease resistance is
therefore desirable, and has been achieved
through the use of recessive mutations (3); a
challenge is to develop broad-spectrum resis-
tance with dominant R genes (4). More than
20 of the R genes that confer specific resis-
tance have been characterized and they form
five classes of protein with differing combi-
nations of five conserved structural motifs.
With the exception of Hml, a toxin reduc-
tase, and Pto, a protein kinase, the character-
ized R proteins contain a leucine-rich repeat
(LRR) motif believed to specify recognition
(1, 5, 6). All of the characterized 4. thaliana
R genes encode proteins with motifs for a
nucleotide-binding site (NBS) and an LRR,
and similar R genes have been isolated from
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other plant species (/). Probes for conserved
sequences in NBS-LRR motifs have detected
numerous homologs in the genomes of crop
plants (7), and more than 100 in the genome
of A. thaliana (8). The A. thaliana loci RPW7
and RPW$8 from accession Ms-0 map to the
same interval on chromosome 3, and confer
resistance to the powdery mildew pathogens
Erysiphe cruciferarum UEA1 and E. cichora-
cearum UCSCI1, respectively (9). During the
mapping of RPWS8, we discovered that this
locus segregated from the mapped NBS-LRR
R-gene homologs (8), suggesting the pres-
ence of a different type of resistance gene,
which we characterize here.

We genetically mapped RPWS to a frag-
ment of genomic DNA from Ms-0 in cosmid
B6 (Fig. 1A) (10), and confirmed that Col-0
plants containing the B6 transgene (T-B6)
were resistant to E. cichoracearum UCSC1
(Fig. 2A) (10). The B6 DNA sequence (/1)
revealed three open reading frames (ORFs)
(Fig. 1A) encoding a serine/threonine protein
kinase 2 (SPK-2) (GenBank accession num-
ber S56718) and two uncharacterized genes,
which we named MSC!/ and MSC2. Sub-
clones of B6 in a plant transformation vec-
tor were introduced into Col-O plants by
Agrobacterium-mediated transformation (77,
12), and those that contained either MSC/ or
MSC2, or both of these ORFs, conferred re-
sistance to E. cichoracearum UCSC1 (Fig.
1A). This indicated that RPWS8 comprises two
independently acting genes, MSC! and
MSC2, which we therefore renamed RPWS. 1
and RPWS.2, respectively. Ms-0 cDNAs for
RPWS8.1 and RPWS8.2 (13) were introduced
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into accession Col-0 plants under control of
the highly active cauliflower mosaic virus
358 promoter (11, 12), and transgenic plants
T-35S::RPW8.1 and T-358::RPW8.2, ho-
mozygous for the corresponding transgene,
were resistant to E. cichoracearum UCSCI1,
whereas T-35S::SKP-2 plants used as con-
trols were susceptible (Fig. 1B) (10).

The characterized R genes normally con-
trol resistance to only a narrow range of
isolates of a species of pathogen (I). To
examine the range of pathogens controlled by
RPWS8, we inoculated A. thaliana Col-0
plants transgenic for RPW8 with a selection
of pathogens virulent. on accession Col-0.
Transgenic plants T-B6, T-35s::RPWS8.1, and
T-35s::RPW8.2 were resistant to all of the
tested powdery mildew pathogens of Arabi-
dopsis. These included 15 isolates of E. ci-

' choracearum, E. cruciferarum isolate UEAI
[indicating that RPW7 (9) is also determined
by RPWS.1 and RPW8.2], E. orontii isolate
MGH, representing three distinct species
(14), and Oidium lycopersici isolate Oxford.
A feature of these powdery mildew patho-
gens is that they each have a very wide host
range. For example, E. cichoracearum
UCSC1 also infects members of the Cucur-
bitaceae (15), E. cruciferarum UEAIl also
infects members of the Brassicaceae (9, 15),
and O. Iycopersici Oxford attacks members
of the Cucurbitaceae and the Solanaceae
(16). T-B6 plants were susceptible to the
other pathogens tested, including Peronos-
pora parasitica Noco2 (10), the cauliflower
mosaic virus, and the bacterium Pseudomo-

. nas syringae pv tomato DC3000 (17).

The genomic sequence of RPWS.1 con-
tained a single 197-nucleotide (nt) intron and
produced a 711-nt transcript with 444 nt of
predicted coding sequence, and the genomic
sequence of RPW8.2 contained a 128-nt in-
tron and produced a 798-nt transcript with
522 nt of predicted coding sequence (Gen-
Bank accession number AF273059). North-
ermn analysis indicated that RPWS8.I and
RPWS.2 were expressed constitutively, but
increased after infection with E. cichoracea-
rum UCSC1 (10). The predicted proteins
RPWS8.1 and RPW8.2 had 45.2% sequence
identity (10), and were relatively small (mo-
lecular weights 17,000 and 19,973, respec-
tively) and basic (isoelectric points of 9.46
and 10.05, respectively). Their sequences
predicted an NH,-terminal transmembrane
(TM) domain, or possibly a signal peptide,
and a coiled-coil (CC) domain (0). Although
RPWS8.1 and RPW8.2 had no significant ho-
mology to any characterized proteins, they
had 22 and 33% identity, and 51 and 62%
similarity, respectively, to a 130 amino acid
sequence forming the NH,-terminus of the
predicted product of resistance protein—like
gene BAB08633, which has an NBS and an
LRR motif at residues 171 to 751.

REPORTS

We compared the DNA sequences of the
RPWS.1 and RPWS.2 alleles from seven A.
thaliana accessions resistant and susceptible
to E. cichoracearum UCSC1 (11, 15). Resis-
tance of accessions Kas-1 and Wa-1 to E.
cichoracearum UCSCI1 is controlled by loci
RPWI10 and RPWI13, respectively, both of
which map to the RPW8 locus (/8). The DNA
sequences of the RPWS.1 and RPWS.2 alleles
from Kas-1 and from Wa-1 were identical to

those from Ms-0. Accessions Ler, Nd-0, and
Ws-0 were moderately susceptible, and the
DNA sequences of their RPWS.I and
RPWS.2 alleles were predicted to encode pro-
teins with 90.5 to 98.3% amino acid sequence
identity to those encoded by the Ms-0 alleles.
There is an insertion at the 3’ end of the allele
for RPW8.1 in Nd-0, and a premature stop at
the 3’ end of the alleles for RPWS.2 in Ws-0
and Sy-0. Other differences from Ms-0 were

Fig. 1. Isolation of the RPWS A Sacl  Clal  Smal  EcoRl Clal XholPsl Smal EcoRI
locus. (A) Restriction sites in

cosmid B6 used for making SE14 (+) — -

the indicated subclones (77). cec7 () —

Subclones introduced into SS10 (+) TH—-——————————
Col-0 by Agrobacterium-me- EE6.2 (+)~—""——_—
diated transformation are 2kb EP3.7 ()@=
marked (+) if they conferred — XE3.8(+)
resistance to E. cichoracea- B SKP-2 (-) MSC1(+) MSC2(+)
rum UCSC1, and (-) if they —p> - -

did not. ORFs detected in the RPW8.1 RPWS.2
B6 sequence (77) are shown ¢

as thick lines. Only subclones RPWBT _RPWB2 HR3 HR2 HR1
containing either or both

MSC1 angd MSC2 conferred HR4/Col HR3/Col HR2(Col HR1/Col
resistance. (B) cDNAs for CoH0 s nata's '

RPWS.1 and RPWS.2 (13),

and for SKP-2 were cloned in vector pKMB (26) under control of the highly active viral 35S
promoter, and introduced into A. thaliana Col-0 by Agrobacterium-mediated transformation (77,
12). Plants containing the 355::RPW8.1 or 355::RPW8.2 transgenes were resistant (70), indicated by
(+). and plants containing the 355::SKP-2 transgene were susceptible, indicated by (-), to E.
cichoracearum UCSC1. (C) Organization of RPWS8.1 and RPW8.2 and homologs in accessions Ms-0
and Col-0. Exons are indicated as thick lines; each gene has a single intron indicated by a gap.

Fig. 2. Analysis of RPW8-me-  p
diated resistance of A. thali-
ana to E. cichoracearum. (A)  COI-0

Ten days after plants were
inoculated with conidia from
E. cichoracearum UCSC1
(27), (left to right) white my-
celium and vegetative spore
masses of the pathogen had
developed on leaves of acces-
sion Col-0, which was sus-
ceptible, but not on leaves of
Col-0 plants containing the
RPWS transgene, T-B6, which
was resistant. T-B6 plants in
the eds7-2/eds7-2  back-
ground (20) were susceptible,
T-B6 plants in the ndr1-1/
ndr1-1 mutant background
(20) were resistant, and T-B6
plants containing the NahG
transgene encoding salicylate
hydroxylase were suscepti-
ble. (B) Germinated conidia
(c, blue) on surfaces of leaves
30 hours after inoculation.
Hydrogen peroxide forma-
tion was detected with dia-
mino benzidine (28) as a
brown reaction product (r) in T-B6 (right) epi-
dermal cells penetrated by the pathogen, but
could not be detected in Col-O (left) epidermal
cells penetrated (p) by the pathogen. Bar, 30
pm. (C) Northern analysis indicated that de-
fense gene PR-7 was induced in T-B6 (B) leaves
48 hours after inoculation with E. cichoracea-
rum UCSC1, but not in Col-0 (C) leaves.

eds1/
T-B6

ndri/
T-B6

NahG/
T-B6

T-B6

C 1h 24h _ 48h 72h _120h
B CB CBC BC B C

- e

PR-1
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conserved: for example, in RPW8.2, two
(T64S and D116G) of the five amino acid
differences occurred in all four susceptible
accessions (/0). Accession Col-0 is extreme-
ly susceptible to mildew and we could not
detect alleles of either RPW8.1 or RPWS.2 by
Southern analysis (/0). However, the corre-
sponding sequence in Col-0 [bacterial arti-
ficial chromosome (BAC) T20E23] revealed
a single gene, CAB62477, predicted to en-
code a protein with 52 and 33% amino acid
sequence identity to RPW8.1 and RPW8.2,
respectively.

Some R-gene loci consist of clusters of
homologs that represent sites of rapidly
evolving R-gene specificity (/9). Analysis of
the nucleotide sequence of cosmid J4-2 from
Ms-0 (10) revealed that RPWS8 was linked
to three ORFs with 62.6 to 82.3% DNA
sequence identity to RPWS8.1 and RPWS.2.
These three paralogs were named Homolo-
gous to RPW8 1 (HRI), HR2, and HR3 (Gen-
Bank accession number AF273059). They
are closely related (99.4 to 99.9% DNA
sequence identity) to their orthologs CAB
62474, CAB62475, and CAB62476, respec-
tively, in BAC T20E23 from accession Col-0
(10); we named CAB62477 as HR4 (Fig. 1C).
A recombination breakpoint between
RPWS8.2 and HR3, detected with marker
3B3-L (/0) indicated that HRI, HR2, and
HR3 did not confer resistance to the powdery
mildews. The RPWS locus of Ms-0 therefore
contained five RPW$ paralogs, and the locus
in Col-0 contained four (Fig. 1C).

A majority of the characterized 4. thali-
ana R genes mediate resistance mechanisms
that involve an HR, induced H,O, formation
and expression of the pathogenesis-related
(PR) genes, and require salicylic acid (/) and
the signal pathway genes EDSI or NDRI
(20). We examined whether these features
occur in RPW8-mediated resistance. Defense
responses in T-B6 plants could be detected 30
hours after inoculation with E. cichoracea-
rum UCSCI, as the formation of H,O, in
epidermal cells penetrated by the pathogen
(Fig. 2B); the penetrated cells subsequently
collapsed, forming microscopic lesions char-
acteristic of the HR and there was no further
growth of the pathogen (Fig. 2A) (9). By
contrast there was no evidence of cellular
H,0, when Col-0 epidermal cells were pen-
etrated by the pathogen (Fig. 2B), which
grew to form masses of white mycelia and
conidia on the leaf surface in 10 days (Fig.
2A). PR-1 transcripts accumulated in T-B6
plants 48 hours after inoculation, but not in
inoculated Col-0 plants (Fig. 2B). Resistance
was abolished in T-B6 plants containing sa-
licylate hydroxylase, which converts salicylic
acid to catechol (Fig. 2A). Resistance was
also abolished in plants containing the RPWS§
transgene from T-B6 crossed into the eds/-
2/eds1-2 mutant background, but not in the
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ndr1-1/ndri-1 mutant background (Fig. 2A),
indicating that EDSI, but not NDRI, was
required for resistance.

RPWS8.1 and RPWS.2 are similar to many
of the characterized R genes in that they are
naturally occurring, polymorphic, dominant
alleles (/), occur in a gene cluster (1, 19, 21),
and induce defense response associated with
HR. Unlike other characterized R genes,
RPWS.1 and RPWS.2 conferred resistance to
a wide range of powdery mildew diseases of
A. thaliana, reminiscent of that conferred by
recessive alleles at the barley MLO locus (3).
However, mlo-based resistance involves a
spontaneous-lesion phenotype and cell wall
apposition in epidermal tissues before patho-
gen attack (3), which is different from the HR
phenotype triggered by R genes (/, 9). None
of the tested powdery mildew pathogens
could overcome RPWS§-mediated resistance,
indicating that RPWS&-mediated resistance
does not involve a gene-for-gene interaction
(2, 21, 22), or possibly that each of these
pathogens has an Avr gene that interacts with
RPWS. The NH,-termini of NBS-LRR R pro-
teins play a role in the regulation of cell death
(23), defense pathway-signaling (20), and in
the determination of specificity (24).
RPW8.1 and RPWS8.2 had limited homology
to the predicted NH,-terminus of an NBS-
LRR R-like protein. RPWS8.1 and RPWS.2
may therefore have some NBS-LRR R gene
functions, to recognize powdery mildew
pathogens, or to recruit NBS-LRR R gene-
mediated defenses for resistance. Alternative-
ly RPWS8.1 and RPW8.2 may interact with
NBS-LRR R proteins to initiate resistance
responses, possibly as targets for pathogen
virulence factors that are guarded by NBS-
LRR R proteins as has been proposed for Pto
(25).

References and Notes
1. K. E. Hammond-Kosack, J. D. G. Jones, Annu. Rev.
Plant Physiol. Plant Mol. Biol. 48, 575 (1997).
. N. T. Keen, Annu. Rev. Genet. 24, 447 (1990).
. R. Buschges et al., Cell 88, 695 (1997).
. C. M. Rommens, G. M. Kishore, Curr. Opin. Biotech-
nol. 11, 120 (2000).
. B. ). Staskawicz, F. M. Ausubel, B. ). Baker, J. G. Ellis,
J. D. Jones, Science 268, 661 (1995).
. ). L. Dangl, Cell 80, 363 (1995).
. D. Leister et al., Theor. Appl. Genet. 98, 509 (1999).
. M. A Botella et al., Plant J. 12, 1197 (1997).
. S. Xiao, S. Ellwood, K. Findlay, R. P. Oliver, J. G. Turner,
Plant J. 12, 757 (1997).
10. Supplementary material is available at www.
sciencemag.org/cgi/content/full/291/5501/118/DC1.
11. Arabidopsis thaliana accession Ms-0 genomic DNA in
the plant transformation vector SLJ755I5 was prop-
agated in Escherichia coli strain DH10B (GIBCO-BRL).
Overlapping Eco RI and Hind IIl fragments of cosmids
B6 and J4-2 were ligated into appropriate sites in
pBluescript Il SK*(Stratagene), cloned in E. coli strain
XL-Blue (Stratagene), and sequenced. RPWS alleles
from Arabidopsis accessions were amplified by poly-
merase chain reaction (PCR) from genomic DNA with
primers specific for RPW8.1 (GACCCGTACAGTACTA-
AGTCTA and GATTTCCGAAAT TGATTACAAGAA)
and for RPW8.2 (AACTCT TCACCTCGAGAGCTAACA
and AGTCGTTTGACACAATTGGGACAT). Products
from four independent PCRs were pooled and se-

(%] HwWN

O W~

VOL 291

12.
13.

14,
15,

16.
17.
. S. Somerville, personal communication.
19.
20.

21.

22.
23.
24,
25.
26.

27.

28.

29.

quenced. DNA sequences were assembled with the
Staden DNA analysis package and analyzed with pro-
grams found at the Human Genome Mapping Project
Resource Centre (http://www.hgmp.mrc.ac.uk). Re-
striction sites detected in the sequence of cosmid B6
were used to make subclones in vector SLJ755I5
propagated in E. coli strain DH10B. RPW8.7 and
RPWS.2 cDNAs were amplified by RT-PCR using Pfu-
Turbo (Stratagene) with primers for RPW8.7 (CCG-
GAATTCATGCCGATTGGTGAGCTTGCGATA and
CGCGGATCCTCAAGCTCTTATTTTACTACAAGC) and
RPW8.2 (CCGGAATTCATGATTGCTGAGGT TGCCGCA
and CCGGGATCCTCAAGAATCATCACTGCAGAACGT),
and cloned into the Eco RI-Bam HI site of pKMB for
expression under control of the constitutive viral 355
promoter in Arabidopsis Col-0. Clones were main-
tained in E. coli DHIOB. Agrobacterium tumefaciens
strain GV3101 was transformed with plasmids by
electroporation, and used for stable transformation
of Arabidopsis accession Col-0.

S. J. Clough, A. F. Bent, Plant J. 16, 735 (1998).
Transcription start and stop sequences were deter-
mined by 5'-RACE and 3'-RACE according to the
manufacturer’s instruction (GIBCO-BRL). Gene-spe-
cific primers for RPW8.1 were: 5'-RACE: CCACAAC-
TATTATGCTTCT and nested primer GAACCAA-
AAACGGCTCGATACTAA and 3'-RACE: AATGGACAC-
TAAACTTGCTGAAGT. Gene-specific primers for
RPWS8.2 were 5'-RACE: GGATCGCACGGTTTGT and
nested primer CTGAACT TCT TGCGTACGTTTCT, and
3'-RACE: GCTAAATTACGATGGGTGGTAGAT and
nested primer CGATGGGTGGTAGATGTGGATGTT.
PCR products were cloned into pGEM-T easy vector
(Promega) cloned in E. coli strain XL-Blue and se-
quenced. The Wisconsin sequence analysis program
GAP was used to calculate the percent identity and
similarity of proteins.

G. S. Saenz, ). W. Taylor, Can. J. Bot. 77, 150 (1999).
L. Adam et al., Mol. Plant-Microbe Interact. 12, 1031
(1999).

). M. Whipps, S. P. Budge, ). S. Fenlon, Plant Pathol.
47, 36 (1998).

S. Xiao, J. G. Turner, unpublished results.

M. Parniske et al., Cell 91, 821 (1997).

N. Aarts et al., Proc. Natl. Acad. Sci. U.S.A. 95, 10306
(1998).

C. M. Thomas, M. S. Dixon, M. Parniske, C. Golstein,
J. D. Jones, Philos. Trans. R. Soc. London Ser. B 353,
1413 (1998).

B. Baker, P. Zambryski, B. Staskawicz, S. P. Dinesh-
Kumar, Science 276, 726 (1997).

C. F. Hwang, A. V. Bhakta, G. M. Truesdell, W. M.
Pudlo, V. M. Williamson, Plant Cell 12, 1319 (2000).
J. E. Luck, G. J. Lawrence, P. N. Dodds, K. W. Shepherd,
J. G. Ellis, Plant Cell 12, 1367 (2000).

E. A. vanderBiezen, ). D. C. Jones, Trends Biochem. Sci.
23, 454 (1998).

J. Mylne, ). R. Botella, Plant Mol. Biol. Rep. 16, 257
(1998).

E. chichoracearum UCSC1 was propagated on squash,
E. cruciferarum UEA1 on oilseed rape, and O. lycopersici
Oxford and E. orontii MGH were propagated on
Lycopersicon esculentum cv Moneymaker.

H. Thordal-Christensen, Z. G. Zhang, Y. D. Wei, D. B.
Collinge, Plant J. 11, 1187 (1997).

We thank F. M. Ausubel for E. orontii MGH, M.
Bardin for E. cichoracearum isolates, J. R. Botella
for pKMB, S. Covey for cauliflower mosaic virus
infections, X. Dong for Arabidopsis Col-0 transgenic
for NahG, B. Feys and ). Parker for P. parasitica
Noco2 and eds7-2, ). Jones for pSLJ755I5, Ohio
State University's Arabidopsis Stock Center for BAC
filters containing IGF and TAMU libraries, R. Oliver
for discussion, P. Repetti and ). Staskawicz for
ndri1-1, K. Schrick for CAPS marker g19397, S.
Somerville for E. cichoracearum UCSC1, M. Stam-
mers for yeast artificial chromosome clones and
BAC filters, Z. Zhang and S. Gurr for O. lycopersici
Oxford, and the Biology and Biotechnology Re-
search Council, UK, for financial support.

8 September 2000; accepted 29 November 2000

SCIENCE www.sciencemag.org


(http://www.hgmp.mrc.ac.uk)

