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MIMAR Model Assessment. Mimar simulates samples under a
model of isolation with migration, with six parameters, where
population 1 is Capsella grandiflora and population 2 Capsella
rubella: �1, �2, �a, M12 (migration rate from population 1 to
population 2), M21 (migration rate from population 2 to popu-
lation 1), and � (divergence time). We considered four nested
models of demographic history: model 1 assumed no migration
and constrained the ancestral effective population size to be
equal to present day C. grandiflora, which is population 1 (i.e.,
�a � �1, M12 � M21 � 0); model 2 allowed for symmetric migration
(�a � �1, M12 � M21); model 3 allowed for asymmetric migration
(�a � �1); and model 4 allowed for both asymmetric migration
and free effective population sizes for each population.

Goodness-of-Fit Tests and Likelihood Ratios. We performed good-
ness-of-fit tests by using MIMARgof (1) and a modified version
of ms, mspopr, which can simulate a lineage-specific change in
population recombination rate (E. Stahl, unpublished data). For
each model, we generated 10,000 simulations of 25 loci by using
the same number of sites and individuals sequenced per locus as
in the original dataset. Another set of 10,000 simulations of 25
loci were run in mspopr, including a lineage-specific change in
recombination in C. rubella, but with parameter estimates for
each model otherwise unchanged. Specifically, we set the pop-
ulation recombination rate to zero in the C. rubella lineage at the
time of the split of C. grandiflora and C. rubella. Finally, we also
performed goodness-of-fit tests by using the predictive posterior
distributions of each model. Model fit was assessed by calculating
one-tailed P values for observed summary statistics, based on
distributions of simulated statistics. In addition to the mean sums
over all loci of shared and unique variants used by MIMAR (S1
and S2 for unique polymorphisms in C. grandiflora and C.
rubella, respectively, and Ss and Sf for shared and fixed poly-
morphisms), we performed goodness-of-fit tests on mean nucle-
otide diversity estimates (�1 and �2 for C. grandiflora and C.
rubella, respectively), mean Fst and mean Tajima’s D, to assess
how well the model could accommodate aspects of data not
directly used by MIMAR. To further assess the fit of the data to
a model with no locus-specific positive selection, we also assessed
the fit of the data to the variance in pi and Tajima’s D [var(�1),
var(�2), varTajD1, varTajD2].

Goodness-of-fit tests were performed in two ways: (i) simu-
lating under the Bayesian posterior distribution of parameters
(i.e., predictive posterior), and (ii) simulating under the marginal
modes of the posterior parameter distributions. The second
approach allowed us to assess the degree to which a single
demographic model can explain all aspects of the data, whereas
the first approach allows a comparison of the overall fit of each
inferred posterior distribution. As shown in supporting infor-
mation (SI) Table S1, predictive posterior simulations suggest
that all models fit the data equally well under this criterion,
suggesting that model 1 is sufficient to explain our data, without
the need to invoke migration and changes in effective population
size between population 1 and the ancestral population. In other
words, we cannot reject the null hypothesis of no migration and
equal effective population sizes between population 1 and the
ancestral population. Using a likelihood ratio test from maxi-
mum likelihood estimates across the MIMAR runs provides a
similar conclusion, i.e., the more parameter-rich models do not
provide a significant improvement to the likelihood over model
1 (Table S2). Although the likelihoods in this analysis should be

considered as approximate, the combination of results from the
predictive posterior and the likelihood analysis is consistent with
the hypothesis that model 1 adequately explains the data.

As shown in Table S3, simulations under the marginal modes
provide further evidence in favor of the simpler models over the
parameter-rich models. In particular, best-fit parameters under
models 1 and 2 are consistent with all tested summary statistics,
whereas model 3 fails one goodness-of-fit test, and model 4 fails
five tests. Very similar conclusions are obtained when we allow
for a lineage-specific change in recombination (Table S4). One
possible explanation for the poor fit of model 4 is that the
combination of modes from the marginal posterior distributions
is distinct from the best-fitting parameter set. To explore this
possibility, we also conducted goodness-of-fit tests under the
maximum likelihood parameter estimates for each model. Al-
though these simulations improve the fit considerably, the
unconstrained model still shows a poorer fit to the data than the
simpler models for parameters not used in estimation (Tables S3
and S4). In particular, the observed values for nucleotide diver-
sity, Tajima’s D, and the variance of Tajima’s D in C. grandiflora
have low probabilities under this model. This inconsistency is
likely because high gene flow and population growth inferred in
C. grandiflora under this model are not consistent with the
patterns consistent with stable equilibrium in this species.

Exploring the Effects of Positive Selection on Diversity. If recurrent
positive selection reduced diversity in C. rubella across the
genome, we would predict that these positive selection events
would erode any ancestral variation such that the majority of
segregating variation would be unique to C. rubella. In contrast
with this expectation, we found that 84% of variation in C.
rubella is shared with C. grandiflora. To illustrate this expecta-
tion, we simulated 10,000 39-gene datasets under (i) the inferred
bottleneck model assuming no migration, (ii) the selective sweep
model of Thornton and Jensen (2), allowing for only a slight
bottleneck of a twofold reduction in effective population size,
and (iii) the selective sweep model of Innan and Kim (3) under
a slight bottleneck, with positive selection acting on standing
variation. All simulations assumed a divergence time of 14,000
years, and an ancestral � equal to � in C. grandiflora of 0.03 per
base pair.

Under the bottleneck model, 60% of 39-gene datasets show
84% or more shared polymorphisms in C. rubella, consistent with
our observed data (Fig. S4). In contrast, simulating under a
model of selective sweeps, allowing for only a slight bottleneck
(reduction of Ne by half in C. rubella) with a selective sweep
during the bottleneck (4Ns � 6,500), no 39-gene datasets in
10,000 were found to have this high a fraction of shared
polymorphisms; the maximum proportion of shared polymor-
phisms was found to be 0.46 (Fig. S4). Similarly, the model of
selection from standing variation generated no datasets with the
observed fraction of shared polymorphism, and the maximum
proportion observed was 0.79. Although these simulations are
not exhaustive, they illustrate that under reasonable parameter
values, we would not expect genome-wide positive selection to
lead to the observed maintenance of shared polymorphism.

Generating Data Summaries and the Use of Ancestral State Inference.
Because MIMAR relies on the inference of derived SNPs, we
made every effort to minimize errors associated with ancestral
misinference. To determine derived states we used PAML (4) to
perform likelihood reconstruction of ancestral states for the
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common ancestor of Capsella under various substitution models.
These likelihood reconstructions were based on sequence data
from A. thaliana, A. lyrata, B. stricta, C. grandiflora, and C.
rubella. Given that the phylogenetic position of Capsella in
relation to Boechera and Arabidopsis shows some uncertainty (5,
6), we assumed a star-shaped phylogeny for the three genera. For
the purposes of these reconstructions we also assumed that
within-Capsella genealogies are star shaped. Data reported here
are from likelihood reconstructions under the Kimura 2 Param-
eter (K80) model that distinguishes between transitions and
transversions. The reconstructed ancestor of Capsella was then
used to infer ancestral states for the Capsella polymorphism data.

By using the method of Baudry and Depaulis (7) we calculated
the rate of ancestral misinference in our dataset as 0.084/base,
using transition/transversion ratios estimated directly at synon-
ymous sites. To explore any effect that this residual error may
have on demographic inference, we generated a modified version
of MIMAR code to use data summaries that do not rely on
outgroup inference. In particular, we modified Ss to include only
shared polymorphisms, whereas S1 and S2 represent polymor-
phisms unique to population 1 and 2, respectively, regardless of
ancestral vs. derived states. As shown in Table S6, parameter
estimates using this approach are very much in line with esti-
mates reported in Table 1 of the text.
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Fig. S1. Observed and expected [under neutrality as calculated using equation 49, Tajima (8)] minor allele frequency distribution of synonymous SNPs in C.
grandiflor (A)a and C. rubella (B) by using A. thaliana as an outgroup.
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Fig. S2. Average levels of linkage disequilibrium as measured by the squared correlation coefficient r2 in C. rubella and C. grandiflora in 100 bp windows.
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k=3

Fig. S3. STRUCTURE output for C. grandiflora and C. rubella combined (k � 2) (A) and for C. rubella alone (k � 3) (B). Each bar represents an individual where
the color denotes the proportion of an individual’s genome assigned to a cluster (k) based on haplotype information.
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Fig. S4. Distribution of the fraction of shared polymorphism from simulated 39-gene datasets. Arrow shows the observed fraction of shared polymorphisms
from the data. The selective sweep model was run using the deterministic model of Thornton and Jensen (2), with the sweep occurring 10,500 years ago, and
a selection coefficient(s) of 0.003. The model of standing variation assumed a selection coefficient of 0.003 and an initial allele frequency of 0.01 for the selected
allele.
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Table S1. Predictive posterior probabilities from simulations of the posterior distributions (see SI Text for details)

Model S1* S2† Ss‡ Sf§ Fst¶ �1� �2** Tajima’s D1†† Tajima’s D2‡‡

1 0.42 0.25 0.44 0.35 0.47 0.42 0.28 0.34 0.27
2 0.37 0.27 0.42 0.50 0.40 0.37 0.06 0.31 0.47
3 0.44 0.39 0.39 0.38 0.46 0.42 0.25 0.33 0.48
4 0.39 0.34 0.43 0.43 0.45 0.24 0.30 0.16 0.48

Values shown are 1-tailed probabilities of the observed data from simulations under the posterior parameter distributions.
*Mean number of unique polymorphisms in C. grandiflora.
†Mean number of unique polymorphisms in C. rubella.
‡ Mean number of shared polymorphisms.
§Mean number of fixed differences.
¶Mean population differentiation.
�Average pairwise differences in C. grandiflora.
**Average pairwise differences in C. rubella.
††Average Tajma’s D in C. grandiflora.
‡‡Average Tajima’s D in C. rubella.
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Table S2. Likelihood ratio test comparing model 1 with other models

Model Description
No. of parameters

estimated Ln likelihood 2 (L2-L1)*

1 Ancestral theta constrained, no migration 3 (�1, �2, �) �117.68 –
2 Ancestral theta constrained, symmetric migration 4 (�1, �2, �, M) �117.66 0.04ns
3 Ancestral theta constrained, asymmetric migration 5 (�1, �2, �, M12, M21) �116.29 2.78ns
4 Asymmetric migration, ancestral theta distinct 6 (�1, �2, �a, �, M12, M21) �114.08 7.3 ns

*Last column shows twice the difference in ln likelihoods between the model and model 1, and significance is given by using the Chi squared approximation
(ns � not significant), with the number of degrees of freedom equal to the difference in the number of free parameters.

Foxe et al. www.pnas.org/cgi/content/short/0807679106 8 of 13

http://www.pnas.org/cgi/content/short/0807679106


Table S3. Goodness-of-fit test P values based on simulations under the marginal modes (a) and under maximum likelihood parameter
estimates (b)

Model S1c S2d Sse �1f �2g

Tajima’s
D1h

Tajima’s
D2i Fstj Sfk var(�1) l var(�2) m var(Tajima’s D1) n var(Tajima’s D2) o

1a 0.411 0.301 0.372 0.332 0.231 0.319 0.220 0.385 0.456 0.497 0.226 0.278 0.386
1b 0.455 0.492 0.404 0.302 0.190 0.314 0.215 0.332 0.470 0.480 0.206 0.286 0.397
2a 0.196 0.118 0.237 0.202 0.286 0.324 0.150 0.099 0.257 0.413 0.459 0.290 0.385
2b 0.207 0.405 0.486 0.472 0.004* 0.460 0.459 0.004* 0.323 0.428 0.018* 0.312 0.276
3a 0.326 0.125 0.476 0.326 0.017* 0.325 0.468 0.043* 0.420 0.491 0.050 0.294 0.421
3b 0.408 0.201 0.481 0.300 0.048 0.328 0.466 0.113 0.417 0.483 0.092 0.283 0.469
4a 0.442 0.213 0.009* 0.001* 0.008* 0.031* 0.470 0.100 0.468 0.018* 0.026* 0.036* 0.421
4b 0.215 0.343 0.257 0.072* 0.202 0.055* 0.472 0.392 0.315 0.140 0.142 0.045* 0.483

Values shown are 1-tailed P values of the observed mean and variances of summary statistics by using coalescent simulations under the various parameter
combinations. Significant and marginally significant departures are shown with an asterisk.
cMean number of unique polymorphisms to C. grandiflora.
dMean number of unique polymorphisms to C. rubella.
eMean number of shared polymorphisms.
fAverage pairwise differences in C. grandiflora.
gAverage pairwise differences in C. rubella.
hAverage Tajma’s D in C. grandiflora.
iAverage Tajima’s D in C. rubella.
jMean differentiation.
kMean number of fixed differences.
lVariance in pairwise differences in C. grandiflora.
mVariance in pairwise differences in C. rubella.
nVariance in Tajma’s D in C. grandiflora.
oVariance in Tajima’s D in C. rubella.
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Table S4. Goodness-of-fit test P values based on simulations under the marginal modes (a) and under maximum likelihood parameter
estimates (b), allowing for a lineage-specific change in recombination in population 2

Model S1c S2d Sse �1f �2g

Tajima’s
D1h

Tajima’s
D2i Fstj Sfk var(�1) l var(�2) m var(Tajima’s D1) n var(Tajima’s D2) o

1a 0.415 0.309 0.372 0.337 0.238 0.333 0.219 0.384 0.439 0.498 0.236 0.278 0.397
1b 0.450 0.492 0.406 0.305 0.187 0.332 0.221 0.327 0.478 0.482 0.202 0.284 0.404
2a 0.193 0.115 0.232 0.200 0.287 0.321 0.151 0.098 0.256 0.411 0.448 0.290 0.380
2b 0.206 0.407 0.497 0.475 0.004* 0.460 0.453 0.003* 0.314 0.428 0.018* 0.318 0.262
3a 0.319 0.128 0.475 0.331 0.016* 0.329 0.468 0.042* 0.423 0.495 0.046* 0.285 0.424
3b 0.399 0.204 0.470 0.316 0.054* 0.328 0.473 0.109 0.405 0.475 0.100 0.282 0.475
4a 0.437 0.210 0.009 0.001* 0.007* 0.031 0.469 0.099 0.464 0.017* 0.024* 0.037* 0.414
4b 0.221 0.338 0.250 0.063* 0.201 0.054* 0.475 0.380 0.310 0.131 0.144 0.044* 0.490

Values shown are 1-tailed P values of the observed mean and variances of summary statistics by using coalescent simulations under the various parameter
combinations. Significant and marginally significant departures are shown with an asterisk.
cMean number of unique polymorphisms to C. grandiflora.
dMean number of unique polymorphisms to C. rubella.
eMean number of shared polymorphisms.
fAverage pairwise differences in C. grandiflora.
gAverage pairwise differences in C. rubella.
hAverage Tajma’s D in C. grandiflora.
iAverage Tajima’s D in C. rubella.
jMean differentiation.
kMean number of fixed differences.
lVariance in pairwise differences in C. grandiflora.
mVariance in pairwise differences in C. rubella.
nVariance in Tajma’s D in C. grandiflora.
oVariance in Tajima’s D in C. rubella.
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Table S5. Sequence-based summary statistics as estimated for each locus in both C. grandiflora and C. rubella

Species Locus

Sample

size

Synonymous

sites

Theta

synonymous

S

synonymous

�

synonymous

Tajima’s D

synonymous

Replacement

sites

Theta

replacement

S

replacement

�

replacement

Tajima’s D

replacement

C. grandiflora At1g01040 34 120.1095238 0.012217381 6 0.012481181 0.059785052 419.8904762 0.002912315 5 0.001095269 �1.649659063

C. grandiflora At1g03560 28 128.1551724 0.006015516 3 0.00487174 �0.456422119 459.8448276 0.007264736 13 0.004245739 �1.392653386

C. grandiflora At1g04650 32 149.4090909 0.024929075 15 0.020308498 �0.616260234 474.5909091 0.005755263 11 0.006346722 0.326203043

C. grandiflora At1g06520 28 115.3045977 0.02451511 11 0.022484729 �0.270635841 400.6954023 0.005771862 9 0.004819663 �0.520883643

C. grandiflora At1g06530 38 111.4188034 0.034178123 16 0.036921937 0.260600475 440.5811966 0.008103115 15 0.006715557 �0.550965203

C. grandiflora At1g10900 26 139.7407407 0.003750622 2 0.00457991 0.473577154 448.2592593 0 0 0 0

C. grandiflora At1g11050 32 118.4646465 0.044017205 21 0.052792394 0.689702738 352.5353535 0.004226107 6 0.0035629 �0.440821078

C. grandiflora At1g15240 30 111.9516129 0.022547226 10 0.011417084 �1.563384883 410.0483871 0.015389637 25 0.009127042 �1.448709834

C. grandiflora At1g31930 8 108.0925926 0.024976036 7 0.023458724 �0.289096242 317.9074074 0.001213167 1 0.000786392 �1.054819107

C. grandiflora At1g59720 30 114.3494624 0.077260479 35 0.093502442 0.76792837 419.6505376 0.015639002 26 0.016340909 0.160323884

C. grandiflora At1g62390 36 124.472973 0.025185881 13 0.021551182 �0.459368216 466.527027 0.003101439 6 0.002534772 �0.499232495

C. grandiflora At1g62520 28 129.8045977 0.075228311 38 0.079260365 0.199241023 416.1954023 0.00617434 10 0.00359772 �1.342343614

C. grandiflora At1g65450 22 117.6811594 0.058276411 25 0.067207792 0.580648839 389.3188406 0.004932333 7 0.003891801 �0.6750978

C. grandiflora At1g68530 36 135.7792793 0.030192862 17 0.033469352 0.358580449 443.2207207 0.001632263 3 0.000605238 �1.409039404

C. grandiflora At1g72390 40 115.2804878 0.014275502 7 0.006561477 �1.496242606 409.7195122 0.004016618 7 0.00269728 �0.909511059

C. grandiflora At1g74600 30 121.1236559 0.025007815 12 0.018258153 �0.880694329 406.8763441 0.003722308 6 0.004418299 0.533564216

C. grandiflora At1g78850 36 103.6621622 0.0604842 26 0.08571801 1.442991383 340.3378378 0.009919885 14 0.007606821 �0.750466787

C. grandiflora At2g23170 36 123.3648649 0.050824219 26 0.050784957 �0.002671947 407.6351351 0.005915851 10 0.003247535 �1.374013943

C. grandiflora At2g26730 38 132.1538462 0.052228182 29 0.050471371 �0.116404366 425.8461538 0.0016767 3 0.001299396 �0.496927108

C. grandiflora At2g28050 32 115.4848485 0.025801691 12 0.025226742 �0.071730967 394.5151515 0.00566462 9 0.001998165 �1.98260169

C. grandiflora At2g44900 36 123.1711712 0.007831407 4 0.005940887 �0.59129855 386.8288288 0.000623405 1 0.000143618 �1.133212888

C. grandiflora At2g47430 38 125.5726496 0.005686079 3 0.005290132 �0.153773609 402.4273504 0.000591424 1 0.00067867 0.213763113

C. grandiflora At3g10340 36 135.3423423 0.040981043 23 0.035535988 �0.454237424 428.6576577 0.004500578 8 0.003036426 �0.948751959

C. grandiflora At3g23590 26 106.5061728 0.056591271 23 0.042207738 �0.923383112 313.4938272 0.005015551 6 0.002129842 �1.702992442

C. grandiflora At3g26650 38 93.73504274 0.012695644 5 0.024174554 2.328116714 287.2649573 0 0 0 0

C. grandiflora At3g44530 38 114.4059829 0.018723218 9 0.018065981 �0.103660344 356.5940171 0.005339525 8 0.003219172 �1.144812013

C. grandiflora At3g60750 22 145.6086957 0.003767926 2 0.002318971 �0.871247959 448.3913043 0.00061179 1 0.000202745 �1.162402043

C. grandiflora At3g62890 38 103.8504274 0.022918091 10 0.010738718 �1.601213668 352.1495726 0.007434508 11 0.003728372 �1.527871009

C. grandiflora At4g08840 28 35.71264368 0.021586739 3 0.009555995 �1.337838808 123.2873563 0.00625303 3 0.004699307 �0.596460285

C. grandiflora At4g14190 30 91.87096774 0.049455853 18 0.045741315 �0.258696163 301.1290323 0.015926651 19 0.011481694 �0.967102366

C. grandiflora At4g14370 22 127.0652174 0.034542441 16 0.036930962 0.25117467 451.9347826 0.013960848 23 0.00758643 �1.718251797

C. grandiflora At4g38160 34 132 0.012969655 7 0.007778318 �1.148619662 429 0.001710284 3 0.001337937 �0.494978031

C. grandiflora At5g04190 32 127.0707071 0.019540986 10 0.018103332 �0.229741211 412.9292929 0.010824024 18 0.008012189 �0.883634204

C. grandiflora At5g20280 20 112.9603175 0.044915357 18 0.040815451 �0.343415808 373.0396825 0 0 0 0

C. grandiflora At5g41920 30 125.0967742 0.048427116 24 0.050627471 0.161166801 390.9032258 0.005165879 8 0.005786775 0.365120611

C. grandiflora At5g43670 32 112.5656566 0.02205901 10 0.028746664 0.946713864 322.4343434 0.001540212 2 0.000737835 �1.046838824

C. grandiflora At5g51670 36 129.6936937 0.044625309 24 0.05319004 0.658884766 407.3063063 0.004144439 7 0.001340592 �1.916647035

C. grandiflora At5g53020 34 64.30952381 0.049439308 13 0.080853398 2.045386197 241.6904762 0.020238335 20 0.033977844 2.310606856

C. grandiflora At5g66280 30 135.1505376 0.013073857 7 0.010971163 �0.47519625 395.8494624 0.001912999 3 0.000505243 �1.731782748

C. rubella At1g01040 13 120.047619 0 0 0 0 419.952381 0 0 0 0

C. rubella At1g03560 12 128.1538462 0.01033568 4 0.012768744 0.82792558 459.8461538 0.001440218 2 0.001779251 0.687881658

C. rubella At1g04650 14 149.5 0 0 0 0 477.5 0 0 0 0

C. rubella At1g06520 14 114.7444444 0.002740457 1 0.001245003 �1.155241342 401.2555556 0 0 0 0

C. rubella At1g06530 14 112.5777778 0 0 0 0 442.4222222 0 0 0 0

C. rubella At1g10900 12 139.6410256 0 0 0 0 451.3589744 0 0 0 0

C. rubella At1g11050 13 120.5952381 0.026721361 10 0.038271699 1.726825312 359.4047619 0.001793226 2 0.001712233 �0.126877208

C. rubella At1g15240 14 113.3777778 0 0 0 0 408.6222222 0 0 0 0

C. rubella At1g31930 14 108.2111111 0.002905914 1 0.002437238 �0.341438343 317.7888889 0.0009895 1 0.00082991 �0.341438343

C. rubella At1g59720 14 114.0777778 0.002756472 1 0.00433481 1.212185563 419.9222222 0 0 0 0

C. rubella At1g62390 13 124.3928571 0.007771674 3 0.003710329 �1.652312061 466.6071429 0.002071851 3 0.000989137 �1.652312061

C. rubella At1g62520 14 129.7333333 0.048476698 20 0.058446179 0.859675381 416.2666667 0.001510821 2 0.002455104 1.695975145

C. rubella At1g65450 12 118.3846154 0 0 0 0 388.6153846 0 0 0 0

C. rubella At1g68530 14 135.7888889 0 0 0 0 443.2111111 0 0 0 0

C. rubella At1g72390 12 115.6794872 0.005725117 2 0.004060331 �0.849714979 409.3205128 0.002426993 3 0.001998878 �0.578636747

C. rubella At1g74600 13 121.6309524 0.013246912 5 0.022135054 2.392106459 406.3690476 0.002378972 3 0.003975166 2.121451886

C. rubella At1g78850 14 105.5444444 0.002979334 1 0.001353526 �1.155241342 344.4555556 0 0 0 0

C. rubella At2g23170 14 122.6333333 0 0 0 0 408.3666667 0 0 0 0

C. rubella At2g26730 13 132.202381 0.004875054 2 0.002327434 �1.468005781 425.797619 0 0 0 0

C. rubella At2g28050 14 115.4222222 0.005448729 2 0.002475384 �1.48074498 394.5777778 0.001593867 2 0.001838103 0.415804348

C. rubella At2g44900 12 123.6923077 0 0 0 0 386.3076923 0 0 0 0

C. rubella At2g47430 14 126.4222222 0.002487317 1 0.002086154 �0.341438343 404.5777778 0 0 0 0

C. rubella At3g10340 13 135.6190476 0 0 0 0 428.3809524 0 0 0 0

C. rubella At3g23590 11 106.5833333 0.01921973 6 0.024905821 1.171200707 313.4166667 0 0 0 0
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Species Locus

Sample

size

Synonymous

sites

Theta

synonymous

S

synonymous

�

synonymous

Tajima’s D

synonymous

Replacement

sites

Theta

replacement

S

replacement

�

replacement

Tajima’s D

replacement

C. rubella At3g26650 14 94.02222222 0 0 0 0 286.9777778 0.001095737 1 0.001531688 0.842275109

C. rubella At3g44530 14 114.7888889 0.008218187 3 0.011487883 1.217964186 356.2111111 0.003531077 4 0.004103012 0.533557751

C. rubella At3g60750 5 145.4444444 0 0 0 0 448.5555556 0 0 0 0

C. rubella At3g62890 11 104.375 0 0 0 0 351.625 0.00097097 1 0.00051708 �1.128501595

C. rubella At4g08840 7 35.35416667 0.03463495 3 0.029632124 �0.65405158 123.6458333 0.006602135 2 0.006161993 �0.27492444

C. rubella At4g14190 13 92.73809524 0.006949612 2 0.006635726 �0.126877208 300.2619048 0 0 0 0

C. rubella At4g14370 14 127.1222222 0.012368104 5 0.005618889 �1.889327875 451.8777778 0.00626291 9 0.003623464 �1.617340049

C. rubella At4g38160 14 131.4444444 0.007176846 3 0.003260476 �1.670526133 429.5555556 0.000732041 1 0.00033257 �1.155241342

C. rubella At5g04190 14 127.2333333 0 0 0 0 412.7666667 0.000761816 1 0.000346097 �1.155241342

C. rubella At5g20280 12 112.6025641 0 0 0 0 373.3974359 0 0 0 0

C. rubella At5g41920 13 124.6309524 0 0 0 0 391.3690476 0.000823384 1 0.000393097 �1.149147105

C. rubella At5g43670 12 113 0.011721744 4 0.014481094 0.82792558 322 0.001028383 1 0.001270469 0.540554689

C. rubella At5g51670 14 129.5555556 0.007281483 3 0.007888338 0.25513408 407.4444444 0.000771767 1 0.001078823 0.842275109

C. rubella At5g53020 14 64.33333333 0 0 0 0 241.6666667 0 0 0 0

C. rubella At5g66280 13 136.1785714 0 0 0 0 397.8214286 0 0 0 0
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Table S6. Modes of parameter estimates under a range of MIMAR models using summaries of the data that do not rely on outgroup
inference, with 90% HPD intervals in parentheses

Model Ne(Cg)* Ne(Cr)* Ne(A)* MCg-Cr† MCr-Cg‡ T§

1. Ancestral size constrained, no

migration

503.8¶ (442.6, 576.0) 2.4 (0.3, 11.1) 503.8¶ (442.6, 576.0) – – 9.5 (1.2, 37.8)

2. Ancestral size constrained,

symmetrical migration

497.1¶ (378.3, 824) 15.2 (5.6, 27.6) 497.1¶ (378.3, 824) 3.5¶ (1.1, 10.7) 3.5¶ (1.1, 10.7) 7.5 (0.6, 3673.0)

3. Ancestral size constrained,

asymmetrical migration

493.8¶ (421.7, 594.0) 0.4 (0.1, 8.8) 493.8¶ (421.7, 594.0) 1.9 (0.011, 5.5) 51.7 (7.7, 376.1) 17.5 (2.5,3608.8)

4. Ancestral size unconstrained,

asymmetrical migration

532.5 (417.6, 893.6) 0.6 (0.138, 8.6) 72.5 (16.7, 584,8) 1.9 (0.01, 8.6) 81.0 (10.5, 400.8) 1362.5 (1.94, 3273.6)

*Effective population size (effective number of individuals � 10�3) for C. rubella (Cr), C. grandiflora (Cg), and their ancestor (A).
†Migration rate (4Nem) from C. grandiflora to C. rubella.
‡Migration rate (4Nem) from C. rubella to C. grandiflora.
§Time (ka) of the split of C. rubella and C. grandiflora.
¶Constrained.
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