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We used hybridization to the ATH1 gene expression array to
interrogate genomic DNA diversity in 23 wild strains (accessions) of
Arabidopsis thaliana (arabidopsis), in comparison with the refer-
ence strain Columbia (Col). At <1% false discovery rate, we
detected 77,420 single-feature polymorphisms (SFPs) with distinct
patterns of variation across the genome. Total and pair-wise
diversity was higher near the centromeres and the heterochro-
matic knob region, but overall diversity was positively correlated
with recombination rate (R2 � 3.1%). The difference between total
and pair-wise SFP diversity is a relative measure contrasting diver-
sifying or frequency-dependent selection, similar to Tajima’s D, and
can be calibrated by the empirical genome-wide distribution. Each
unique locus, centered on a gene, has a diversity and selection
score that suggest a relative role in past evolutionary processes.
Homologs of disease resistance (R) genes include members with
especially high levels of diversity often showing frequency-
dependent selection and occasionally evidence of a past selective
sweep. Receptor-like and S-locus proteins also contained members
with elevated levels of diversity and signatures of selection,
whereas other gene families, bHLH, F-box, and RING finger pro-
teins, showed more typical levels of diversity. SFPs identified with
the gene expression array also provide an empirical hybridization
polymorphism background for studies of gene expression poly-
morphism and are available through the genome browser http://
signal.salk.edu/cgi-bin/AtSFP.

evolutionary genomics � gene array � nucleotide diversity

DNA sequence polymorphism studies at the genic level have
been conducted for several years, but extensive studies at

the whole-genome level are just beginning. These kinds of
studies, which will ultimately involve the complete sequencing of
multiple individuals of the same species and thus an absolute
understanding of genome variation, make it possible to contrast
the pattern of variation at particular loci with the genomic
background and test for evidence of selection in a manner that
is robust to confounding demographic factors such as population
structure or bottlenecks (1). Early molecular population genetic
studies in Arabidopsis revealed a pattern of polymorphism that
was highly variable among loci, as well as an excess of rare alleles
compared with neutral expectations (2). Recombination among
accessions was evident from the different gene genealogies at
different loci. Genome-wide nuclear markers revealed some
population structure and isolation by distance underlying an
overall star-like phylogeny (3–5). As marker densities increased,
it became apparent that linkage disequilibrium was highly vari-
able across the genome ranging from 25 to 200 kb, with patterns
of variation often suggestive of past or ongoing selection (6, 7).
With greater density of genotyping, naive scans at the whole-
genome level may allow for detection of selective events as well
as association mapping (8). Accordingly, high-density oligonu-
cleotide arrays with 25-mer features, initially designed to query

expression levels of transcripts, provide a straightforward tool to
query sequence polymorphisms among strains (9).

These so-called single-feature polymorphisms (SFPs) detect se-
quence polymorphisms in or near the 25-mer array feature rather
than precise nucleotide polymorphisms and have been used to
identify a large number of polymorphisms in several organisms,
including Saccharomyces cerevisiae (10), Arabidopsis thaliana (11),
Oryza sativa (domesticated rice) (12), Anopheles gambiae (African
malaria mosquito) (13), Plasmodium falciparum (protozoan para-
site) (14), and Hordeum vulgare (domesticated barley) (15, 16). SFPs
segregate with expected frequencies and are generally biallelic
when diversity is low (�1% sequence variation), allowing relatively
rapid mapping of qualitative (11, 17–19) and quantitative traits (13,
20–22). In addition to their application as molecular markers for
genetic linkage studies, SFPs are complementary to single-locus
approaches previously used to estimate population genetic param-
eters (23) in Arabidopsis (6) and Drosophila melanogaster (24). An
important experimental design consideration is the tradeoff be-
tween quantity and quality. Population studies based on SNPs
generally benefit from high-quality data but typically sparse ge-
nome coverage, whereas SFPs tend to be of lower quality yet
exceptionally abundant. A power analysis evaluating decay of
linkage disequilibrium across various simulated study design pa-
rameters indicated that the abundance of lower-quality SFPs com-
pensates for a lack of SNP density (25). In addition, the probability
of detecting potential causative polymorphism is considerably
greater (17).

We investigated genome-wide polymorphism in 23 Arabidopsis
accessions through SFP genotyping. Centromeres exhibited high
levels of variation; however, overall diversity was positively corre-
lated with recombination rate. The genome-wide distribution of
diversity highlights that regions have unusually high or low levels
and are likely to be under selection. Plant disease resistance-like (R)
genes, receptor-like protein (RLP) genes, and S-locus protein genes
families showed increased levels of diversity relative to families with
similar numbers of genes. Furthermore, individual gene family
members were identified as clear outliers, suggesting their evolu-
tionary importance.
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