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D

NA 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 variable 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 wholegenome level may allow for detection of selective events as well
as association mapping (8). Accordingly, high-density oligonucleotide arrays with 25-mer features, initially designed to query
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expression levels of transcripts, provide a straightforward tool to
query sequence polymorphisms among strains (9).
These so-called single-feature polymorphisms (SFPs) detect sequence 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 parasite) (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 parameters (23) in Arabidopsis (6) and Drosophila melanogaster (24). An
important experimental design consideration is the tradeoff between quantity and quality. Population studies based on SNPs
generally benefit from high-quality data but typically sparse genome 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 parameters indicated that the abundance of lower-quality SFPs compensates 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 correlated 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 evolutionary importance.
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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 reference 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 heterochromatic knob region, but overall diversity was positively correlated
with recombination rate (R2 ⴝ 3.1%). The difference between total
and pair-wise SFP diversity is a relative measure contrasting diversifying 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 frequencydependent 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 proteins, 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 polymorphism and are available through the genome browser http://
signal.salk.edu/cgi-bin/AtSFP.
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Fig. 1. SFP haplotype structure across Arabidopsis accessions. Feature intensities are shown as a heat map across three replicate columns of six accessions from
experiment 3. Lower and higher relative SFP hybridization intensities are in red and white, respectively, as compared with the reference Col. Those in orange
do not show significant variation but are included to show genotyping density. Rows correspond to 250 consecutive 25-mer features across adjacent genes and
thus are not equally spaced. Black tick marks in Col show significant SFPs from the D stat threshold. (A) The haplotype patterns are clearly seen where Ita is similar
to Col, whereas Fl, Mr, and St are quite similar to each other, and Sah has a third pattern. (B) The patterns change along the chromosome due to ancestral
recombination events moving a Col haplotype onto Sah and a new haplotype onto Ita. Heat maps of the entire genome are available for each of five experiments
(http://naturalvariation.org/accessionSFP/supplement/HapMapImages).

Results and Discussion
Genome-Wide Patterns of Polymorphism. We measured SFPs among

23 Arabidopsis accessions using a standard gene expression array,
ATH1, with 202,878 unique 25-bp oligonucleotide features (26).
Three replicates of each accession were compared against replicates
of the reference strain, Col (Col-0 or Col-gl1). After spatial correction (11) and quantile normalization (27), modified Student’s t
tests were applied to identify SFPs with significantly lower hybridization values than Col. Instances of hybridization intensity greater
than Col were assumed to be duplicated loci with an unknown
physical location within the genome and were therefore removed
from further consideration. At an experiment-wise ⬍0.1% false
discovery rate (FDR), 77,420 SFPs were identified including 46,911
nonsingletons. The matrix of 23 accessions by 202,878 feature
positions contains 7% called SFPs, 70% called non-SFPs, and 23%
missing data (see Materials and Methods). The abundance of rare
variants is a product of the Arabidopsis mating system, population
history (6), and our methodology, because each accession is compared against Col [supporting information (SI) Fig. 5]. If Col
harbors a rare allele, the SFP frequency can be underestimated
when the null hypothesis is rejected independently for each accession. To estimate error rates and sensitivity, we exploited known
SNPs derived from dideoxy sequencing data (6). We selected
significance thresholds balancing false positives and false negatives
across the large number of features tested on the array. There are
up to 1,563 array features with corresponding sequence data at a
subset of the 23 accessions (SI Table 1). For example, in the Lz
accession, there are 1,179 array features with sequence data.
Forty-six (4%) features contain SNPs, whereas other features have
no sequence variants. Among the 1,179 total features with sequence
information, 49 SFPs were identified, 10 of which harbor no known
SNPs within the exact 25-bp feature (10/1,179 ⫽ ⬍1% false-positive
rate, 10/49 ⫽ ⬇20%; FDR). On the other hand, seven SNPs were
not detected by array hybridization at our selected SFP threshold
(7/46 ⫽ ⬇15% false-negative rate). In a previous study, we reported
a 66% and 43% SNP false-negative rate at a conservative and
modest threshold, respectively, where the aim was a low falsediscovery rate (11). The range in error rates among the accessions
12058 兩 www.pnas.org兾cgi兾doi兾10.1073兾pnas.0705323104

(SI Table 1) reflects subtle differences in sequence variation among
accessions, experimental effects, and stochastic error due to the
relatively small number of SNPs under consideration. A SNP may
remain undetected if the feature on the array exhibits poor hybridization properties in general, or the polymorphism resides at the
edge of the 25 mer (11, 15, 28). The false-negative rate can be
improved with greater replication or alternatively by lowering the
threshold, which comes at a cost of increased false positives.
Detected SFPs that do not contain a sequence polymorphism may
be statistical false positives or are likely the result of polymorphisms
adjacent to the 25 mer, which may alter feature intensity via
differential labeling (29).
Among the 373 features known to have SNPs by sequence
identification across the 16 accessions where sequence was available
(6), 304 are biallelic (82%), 57 are triallelic (15%), and 12 (3%)
reside in a simple sequence repeat with greater than three alleles (SI
Fig. 6). Subsequent analysis of genomic diversity assesses levels and
patterns of variation across 50-kb regions. In this way, the rare and
unaccounted-for observations of multiallelism are averaged away
across the ⬇100 features per region. Furthermore, regional patterns
are compared with the rest of the genome that also contains the
unobserved multiallelism bias. The entire SFP collection has been
made available in a Web-searchable format, allowing users to
search genomic regions or genes for natural variation (http://
signal.salk.edu/cgi-bin/AtSFP).
An important question that can be addressed with high-density
genotyping is, ‘‘How does the variation among accessions, or
genealogy, change along the genome?’’ Fig. 1 shows an example of
raw data. The haplotype patterns can be easily visualized by plotting
relative hybridization differences in false color. For example, the
accessions Col and Ita share a common haplotype for 3.25–3.38 Mb;
Fl, Mr, and St share a different haplotype, and Sah a third (Fig. 1 A).
At 3.38–3.49 Mb, the pattern has been shuffled. Here Ita and Mr
share correlated SFPs, St and Fl share another pattern, and Col and
Sah a third. Ancestral recombination has mixed the haplotypes (Fig.
1B). The levels of variation vary widely, and the patterns change
frequently across the genome. Images are available for all regions
and all experiments (http://naturalvariation.org/accessionsSFP/
Borevitz et al.
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Fig. 2. Diversity along the five Arabidopsis chromosomes. The y axis shows
SFP diversity at each 50-kb interval centered on a gene. The centromeres on all
chromosomes, as well as the heterochromatic knob near the top of chromosome 4, are highly elevated compared with the rest of the genome, although
estimates are less dense there as well. Variation spikes are also rampant. The
blue dashes represent R genes, the green dashes represent RLPs, and the
purple dashes represent S-locus proteins. Both total diversity (black) and
pairwise diversity (red) reveal unusually high or low levels of variation exceeding the 2.5% genome-wide thresholds (horizontal black line, ; red line,
). Vertical lines demark regions shown in detail in Fig. 3.

supplement/HapMapImages). A correlation dendrogram of the 23
accessions reveals genome-wide relatedness due to population
structure as well as increased diversity among West Asian strains (SI
Fig. 7). The west Asian strains Shah (Shahdara, Tajikistan), Kas
(Kasmir, India), and Sorbo (Tajikistan) are closely related, as
reported (5), and greatly diverge from other strains when compared
on the array against the reference genotype Col. The increased
diversity is consistent with Southwest Asia being part of an ancient
glacial refugia (4).
Regional Diversity on a Genome Scale. We next explored variation
within the genome by calculating SFP diversity in 50-kb sliding
windows along the genome and found highly variable regions
dispersed throughout with some gross patterns apparent (Fig. 2).
We calculated both total diversity (black lines) and average pairwise
diversity (red lines), which are expected to be equal under neutrality
but show differences under nonneutral, selective, or demographic
scenarios (30). Similar to previous reports, the distribution of both
measures shows a strong skew toward low diversity and rare variant
regions (Fig. 4 and SI Fig. 8, red bars) (6, 7). To test how the patterns
of variation extend across genic polymorphism to the chromosome
level, the gene order with their SFP genotypes was randomly
shuffled with respect to position along the chromosome. Diversity
was then recalculated in 50-kb sliding windows along the genome.
This shuffled data set established false discovery thresholds under
the null hypothesis that the observed patterns of variation are
limited to within a gene (see yellow bars in Fig. 4 and SI Fig. 8). In
addition, the empirical distribution across the genome was used to
determine the frequency of variation observed at a particular
region.
Highly variable regions include the centromeres as well as a
region on chromosome four corresponding to the heterochromatic
Borevitz et al.
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knob (Fig. 4) (31). The high levels of diversity observed at these
heterochromatic regions described as having a low-recombination
rate may be due to stochastic error from low gene and feature
density. The prevalence of insertion/deletion polymorphisms near
centromeres and other heterochromatin is also a likely contributor
to this pattern in our data (32).
We analyzed closely the relationship between SFP diversity and
recombination rate variation using a recently generated very highdensity genetic linkage map that precisely defined 676 recombination events in 98 Col/Ler recombinant inbred lines (33). The number
of recombination events in a 1-Mb region centered on a gene was
calculated here for every gene and compared with the total SFP
diversity within a 50-kb window centered on that gene. Overall,
there was a positive correlation with recombination rate and
diversity (R2 ⫽ 3.1%), as seen previously (33). In this study,
however, the diversity estimates span 23 accessions rather than just
the mapping population. This observed positive correlation is
consistent with previous observations in several organisms (34–36).
However, many outliers exist especially in the heterochromatic
region (SI Fig. 9). Heterochromatin makes up a large physical
portion of the genome, as seen in Fig. 2, but few unique genic data
points are available here to estimate diversity or recombination
leading to the observed positive correlation across genic regions in
the genome. With more comprehensive genome-wide data, this
relationship should be revisited.
A region on chromosome five exhibited a particularly high level
of diversity (Fig. 2), as measured by both total () and pair-wise
diversity (). Within this region, three peaks exceeded the upper
2.5% tail of the chromosome-wide diversity distribution (Fig. 3 A
and B), suggesting these are among the fastest-evolving regions in
the genome. The two measures of diversity are sensitive to different
patterns. Total diversity is sensitive to rare changes, whereas
pairwise diversity is greater when there are only a small number of
common haplotypes. The difference between the two measures is
analogous to Tajima’s D statistic, a test for selection (30). When
pairwise diversity is higher (positive Tajima’s D), this suggests
balancing or frequency-dependent selection, whereas negative Tajima’s D indicates a past selective sweep. The empirical distribution
of the Tajima’s D statistic calculated from SFP data in 50-kb
intervals is skewed toward negative statistics (red bars, Fig. 4 and
SI Fig. 8), similar to a previous reports based on Arabidopsis
sequence data (6). This is also true from the permuted null
distribution but to a lesser extent (yellow bars in Fig. 4 and SI Fig.
10). Nevertheless, the two patterns of selection can be identified
that are rare in the genome and/or unlikely to occur in the null
distribution.
Three high-diversity subregions with singleton or clusters of R
genes were identified (blue dashes, 18.2, 18.3, and 18.44 Mb) (Fig.
3 A and B). The central high-diversity locus spans the RPS4 R gene
(37). The Tajima’s D scores at the RPS4 region, however, are found
quite often in the genome-wide distribution, i.e., no particular
pattern was apparent. Tajima’s D scores are strikingly high in the
flanking regions, implicating underlying candidate genes as evolutionarily important. The left-most locus (⬇18.22 Mb) contains four
R-like genes, whereas the right-most (⬇18.44-Mb) locus contains
one putative R gene and a cluster of five unknown genes (not
shown). Further downstream, another two relatively high-diversity
regions flank a single (18.78 Mb), or a cluster (18.87 Mb) of, R gene
homologs. The pattern of variation at the cluster (18.87 Mb) shows
the opposite pattern, i.e., an excess of rare variants due to a potential
past selective sweep (Fig. 4B). More extensive population genetic
sequencing analysis is needed to confirm and resolve the predicted
evolutionary signatures, and functional assays are warranted to
understand their roles. Selection scores for each gene in the genome
are available (SI Dataset 1).
Another region that exhibited unusual levels and patterns of
diversity contains a cluster of S-locus protein kinase genes involved
in sporophytic self incompatibility in the Brassicaceae (38) (Fig. 4

Fig. 3. SFPs reveal local regions of diversity and patterns of selection in the R and S-locus like genes. (A) A closer look at 18 –19 Mb on chromosome 5 reveals
interesting patterns of variation. (B) Contrasting the different measures of diversity allows one to infer the type of selective forces acting at different adjacent
loci. For the gene clusters at 18.2 and 18.44 Mb, pairwise diversity is higher than total diversity, suggesting a pattern of frequency-dependent selection rare in
the genome. This pattern is observed only at some of the R genes (blue bars) in the cluster. The pattern of variation at the central locus, 18.33 RPS4, however,
is common in the genome. (C) Another region with high diversity spans a cluster of S-locus proteins, the gene family involved in self incompatibility. (D) Regions
spanning this cluster show both rare negative and positive Tajima’s D scores, suggesting a selective sweep near 22.65 Mb and frequency-dependent selection
near 22.7 Mb. Plots of the entire genome are shown in SI Fig. 6. Colors and thresholds are as in Fig. 2.

C and D, purple dashes). Arabidopsis is self-compatible, and the
chromosome one S-locus homologous loci are annotated as pseudogenes in Col-0. Nonetheless, high levels of diversity clearly exist
for these genes (22.7 Mb), and patterns of variation (Tajima’s D) are
noteworthy (Fig. 3 C and D). S-locus protein genes at 22.65 Mb
show a rare pattern, suggesting a selective sweep (⬍1% genomewide lower tail), whereas at 22.7-Mb, positive values indicate
frequency-dependent selection (⬍3% genome-wide upper tail).
Active self-incompatibility genes in self-incompatible species are
well known to have been under strong frequency-dependent selection (39). When an active receptor and ligand from the selfincompatible sister species Arabidopsis lyrata is transformed into
Arabidopsis, some strains were rendered self-incompatible, confirming that in some cases the downstream mechanism retains
functionality (38). Cryptic polymorphism in Arabidopsis was revealed in these transgenic lines for the degree of self incompatibility
(40). A functional S-locus maps to an orthologous region on
chromosome four; however, we see normal levels of diversity at this
locus in our study. If the chromosome one locus had residual
self-incompatibility function in the past, perhaps there was active
selection for the degeneration at 22.65 Mb. Many independent
mutation hits, allowing selfing, would provide a strong advantage
when populations were isolated or pollinators absent. Conjecture
aside, there is a striking pattern in this region that is rare in the
genome and warrants functional assays to test such hypotheses.
Other regions in the genome show rare levels of diversity and
patterns of selection. Underlying a handful of these loci are a certain
class of candidate genes, the RLPs (SI Fig. 11 and below). Genomewide plots of diversity and Tajima’s D statistic are provided (SI Fig.
10) and can be searched at our Web site (http://naturalvariation.org/
accessionSFP) or in tabular form (SI Dataset 1).
Gene Family Patterns. There are 150 genes annotated in the Arabi-

dopsis genome that encode nucleotide-binding/leucine-rich repeat(NB-LRR) type proteins, the most common type of R genes (41).
One hundred eighteen are uniquely represented on the array. We
compared the levels and patterns of NB-LRR diversity to the 46
unique RLP genes [of 56 total (42)] and 39 unique S-locus protein
12060 兩 www.pnas.org兾cgi兾doi兾10.1073兾pnas.0705323104

genes [of 39 ⫹ 9, S-locus receptor kinase genes (43) and S-locus
glycoprotein genes (44)]. Fig. 4B shows the relative frequency
distribution of total diversity and Tajima’s D scores across R gene
homologs, RLP genes, and S-locus genes in comparison to the
genomic and null distribution (Fig. 4A). Diversity was much higher
for all three gene families relative to the genome-wide or null
distributions (notice the enrichment in the right tail of the distribution). The pattern of variation (Tajima’s D) is also noteworthy for
these gene families (Fig. 4D). Strikingly, there are 7 and 35 R gene
homologs with scores exceeding the lower and upper 2.5% tails of
the genome-wide null distribution, respectively, where approximately four are expected (Fig. 4D, blue bars vs. Fig. 4A, yellow
bars). R genes evolve by positive selection, accumulating many
amino acid changes (41, 45). Balancing selection has been inferred
from polymorphism at several R genes and R gene homologs before
(46–48) and may be due to a fitness tradeoff associated with
resistance (49). However, the pattern suggestive of a selective sweep
has also been observed and may be due to an evolutionary arms
race of competing pathogen virulence and plant resistance (50).
More recently, 27 R gene homologs in Arabidopsis were surveyed
for polymorphisms, identifying members with very high or low
levels of nonsynonymous changes, suggesting that different forms of
selection have shaped evolution at these loci (51). We found rare
genomic patterns suggestive of both types of selective forces with a
simple scan across the entire family. In this way, we highlight which
R genes are most likely to have been or are perhaps still under active
selection, and which show patterns indistinguishable from the rest
of the genome that could now be pseudogenes. Precisely how many
genes are actually under selection, however, is difficult to know
without an appropriate null model.
Like R proteins, RLPs have leucine-rich repeats but do not
contain a nucleotide-binding site and belong to a protein family
including Cf-R genes in tomato (42). Their functional importance
can be inferred by investigation of their evolutionary signatures.
There is an enrichment of high-diversity members (Fig. 4A, green
bars). In addition, four and eight RLPs were found in the lower and
upper tails of the Tajima’s D distribution, respectively (Fig. 4D,
green bars), where only two to three total are expected (Fig. 4C,
Borevitz et al.
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null distribution (P ⬍ 0.05 outside). The vertical blue lines represent a ⬍2% FDR under the same null distribution. (A) Empirical distribution of diversity in 50-kb
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Conclusions
We profiled patterns of genome-wide diversity using a relatively rapid and cost-effective platform, genomic DNA hybridization to commercially available gene expression arrays. A
relative statistic measuring variation that suggests a certain
type of selective pressure was calculated for every gene (SI
Dataset 1). The procedures used are relatively easy to perform
Borevitz et al.

and thus can be applied in any organism with a high-density
oligonucleotide array and a physical map. Prior knowledge of
global SNPs is not needed. The standard ascertainment bias
due to comparison to a reference genome must be acknowledged, but this caveat pertains to other technologies as well
where a reference genome is used for sequence assembly. As
array designs and densities improve, along with sequencing
technology, this basic method of evolutionary annotation can
be applied to nonmodel organisms where ecological knowledge provides a context to understand the driving forces
behind the observed evolutionary patterns. Finally, the union
of diversity scanning, genetic markers for mapping functional
phenotypic variation, and polymorphism-controlled gene expression variation provides a comprehensive approach for
determining the genetic basis of adaptation (55).
Materials and Methods
Plant Growth Conditions. Plants were grown in soil under green-

house conditions, and a single leaf was extracted from each plant for
each biological replicate at 3 weeks of age for experiments 1, 2, 4,
and 5. For experiment 3, seedlings were grown on agar plates for 1
week.
Array Protocol and SFP Analysis. Hybridization and analysis were
performed as described (26) in five independent experiments:
experiment 1, Col-0 (CS6673), Cvi-0 (CS6675), Kas-1 (CS6751), Ler
(CS20), Shah (C6180), and Bay-0 (CS6608); experiment 2, Col(gl1)
(CS3879), Est (CS6173), KendL (Lehle seed WT-16-03), Mt-0
(CS6799), Nd-1 (CS1636), Sorbo (CS931), Van-0 (CS6884), Ws-2
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yellow bars). These would be the first members to test by functional
characterization to investigate allelic phenotypic effects. The Slocus protein gene family also shows an excess of members from
high-diversity gene regions, and the overall pattern of diversity
suggests an excess of rare variants (Fig. 4D, purple bars). This could
be due to active degradation of such genes if residual activity
resulted in partial sterility.
As a control, we looked at several other gene families that have
members which also often occur in tandem clusters (SI Fig. 8). One
hundred twenty-seven members of the bHLH transcription factor
gene family have been annotated (http://arabidopsis.med.
ohio-state.edu) (52), 88 of which are uniquely represented on the
array. RING-type E3 Ubiquitin ligase proteins (53) and F-boxcontaining subunits of the SCF proteasome (54) are some of the
largest gene families in Arabidopsis, with 444 and 672 members,
respectively; 356 and 346 are uniquely represented on the array.
Investigation of the evolutionary signatures of these three families
did not show particular striking levels or patterns of variation.
However, several members were identified that have unusually low
or high amounts of diversity with rare patterns of variation providing an evolutionary annotation to aid functional studies.

(CS2360), and C24 (CS906); experiment 3, Col-2 (CS907), Fl-1
(CS6706), Ita-0 (CS6097), Mr-0 (CS6795), Sah-0 (CS6917), and
St-0 (CS6863); experiment 4, Col (CS6673), Bur-0 (CS6643), and
Lz-0 (CS6788) (20); and experiment 5, Col arrays from experiments
1 and 2 vs. Ts-1 (CS1552), Tsu-1 (CS1640), and Ws-0 (CS1602).
Two biological replicates were used for Kas-1, KendL, C24, Shah,
and Tsu-1 due to failures, with all three biological replicates for all
others. Feature intensities of accessions were compared with Col by
calculating a D statistic (13) within each experiment, and a permutation FDR threshold was applied. When a particular feature
exhibited reduced hybridization in a test accession relative to Col,
ensuring the precise genomic position would be known from the
reference physical map, a value of one was assigned to the SFP.
Duplication, where the test accession had a greater hybridization
signal than Col, and ambiguous SFPs, with marginal D statistics,
were treated as missing data. D statistics falling within 90% of the
permutation distribution were called 0, i.e., no hybridization polymorphism (SI Fig. 5). The zero-value genotype (non-SFP call) is
accepting the null hypothesis without evidence against it, and this
results in a lower sensitivity (see SI Table 1). A final caveat is that
a single accession was used as a reference; therefore, rare alleles in
the reference strain may be estimated as more common due to type
2 error resulting in overestimates of diversity at a locus. That being
said, the results reported here compare relative patterns across all
genomic loci observed under this calling method. Analysis scripts,
raw data, and supplementary material are available at http://
naturalvariation.org/accessionSFP.

central probe in a gene were used to estimate diversity. We
calculated total and pairwise diversity in sliding windows of 50 kb
along the genome in gene-size steps, ⬇3.8 kb (2.2–6.6 kb innerquartile range), because features are not evenly spaced on the
ATH1 expression array. Total diversity is the number of SFPs in a
window, scaled by the average number of accessions observed to
account for missing data. This is an estimate of Watterson’s 
developed for general biallelic markers, which is sensitive to rare
variants (56). Pairwise diversity is the average number of differences in haplotype calls across all pairs of strains (also scaled for
missing data) and is an estimate of Tajima’s  (57), which is sensitive
to common variants. A skewed distribution toward low values was
observed for both  and  (Fig. 4 and SI Fig. 8). Of less importance
here is the magnitude of the estimate, but rather the relative
differences in diversity between regions, because the empirical
genome-wide distribution is known. Contrasting these estimates of
diversity reveals different patents of selection [Tajima’s D (30) ⫽
( ⫺ )/normalization)], with negative values indicating a selective
sweep, and positive values indicating balancing or frequencydependent selection. SFP estimates of Tajima’s D discussed here
were unnormalized.

Diversity in Sliding Windows. The polymorphism detection and
genotyping power are stronger when averaged across 50-kb intervals containing ⬇100 (86–126 inner-quartile range) 25-bp features.
The added resolution more than makes up for the lower per-site
accuracy (23, 25) compared with dideoxy sequencing of a single
⬇500-bp fragment every 100 kb (6). Features within ⫾25 kb of the
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