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Figure S1: Number of observable recombination events and average length of genomic segment
coding for the same tree. A Number of recombination events that impact the genome of sampled viruses
in the dataset. B Average length of a segment in the genome of sampled viruses in the dataset that code
for the same phylogenetic tree. That is the average length of a part of the genome that is not broken up by
recombination events.
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Figure S2: Inferred timings and locations of recombination events ancestral to SARS-CoV-2 in the
last one hundred years. Timings and positions of inferred recombination events ancestral to the SARS-CoV-2
lineage are plotted. Each red dot denotes one event in the posterior distribution with the genome position on
the x-axis and the year on the y-axis. Each dot represents a probability weight of 0.002% for a recombination
event, meaning that 500 dots corresponds to a probability weight of 1 for an event. The density of these events
is shown by a contour plot.
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Figure S3: Plot of the local trees of SARS-like virus on different positions across the genome.
Densitree (Bouckaert, 2010) plot of local trees in the mcc network of SARS-like viruses. The local trees are
shown for every 100th position in the genome and are computed from the mcc network shown in Fig. 1A. The
different colors represent whether a local trees was towards the 5’ or 3’ end relative to the region that codes for
the spike protein, or whether it was on spike itself.
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Figure S4: Recombination rate ratios of SARS-like viruses on different parts of the genome. Re-
combination rate ratios for SARS-like viruses based on two different analyses: one using the full genome (left)
and one using the spike protein only (right). The rate ratios denote the rate on a part of the genome divided
by the average rate on the two other parts of the genome. s1 over s2 denotes the rate ratio on spike subunit 1
over subunit 2.
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Figure S5: Inferred locations of recombination events in the SARS-like dataset. Here, we show the
probability density of recombination events (on the y-axis) along the genome (on the x-axis) of SARS-like
viruses.
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Figure S6: Common ancestor times between sequences of the SARS-CoV-2 clade, as well as SARS-
CoV-1. Estimate of common ancestor times of RmYN02 (A), RaTG13 B, P2S C and SARS-CoV-1 D with
each other and with SARS-CoV-2. The estimates of the common ancestor times assume an evolutionary rate of
5 × 10−4. Lower rates would push the common ancestor times further into the past, while higher rates would
bring the closer to the present. The line denotes the median common ancestor time, while the colored area
denotes the 95% highest posterior density interval.
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Figure S7: Inferred recombination rates for the different coronaviruses. Posterior distribution of re-
combination rates per lineage, per year and per pair of adjacent nucleotides.

5



0.00025

0.00050

0.00075

MERS 229E OC43 NL63

ev
ol

ut
io

na
ry

 r
at

e 
pe

r 
si

te
 a

nd
 y

ea
r

Figure S8: Inferred evolutionary rates for the different coronaviruses. Posterior distribution of evolu-
tionary rates per year and nucleotide.
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Figure S9: Inferred timings and locations of recombination events of MERS, 229E, OC43 and
NL63. Each red dot denotes one event in the posterior distribution with the genome position on the x-axis and
the year on the y-axis. The density of these events is shown by a contour plot.
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Figure S10: Inferred locations of recombination events of MERS, 229E, OC43 and NL63. Here,
we show the probability density of recombination events (on the y-axis) along the genome (on the x-axis) for
different coronaviruses.

7



1 years 2 years 5 years 10 years

Inferred
P

osterior predictive sim
ulations

229E NL63 OC43 229E NL63 OC43 229E NL63 OC43 229E NL63 OC43

1e−06

3e−06

1e−05

3e−05

1e−06

3e−06

1e−05

3e−05

re
co

m
bi

na
tio

n 
ra

te

stat

fit

unfit

Figure S11: Recombination rates of different parts of the recombination networks. Recombination
rates are computed for different parts of the network based on how long lineages persist for into the future. For
this analysis, we classified each edge of the recombination network in the posterior distribution into fit and unfit.
Fit are edges that persist for at least 1, 2, 5 or 10 years into the future (plots from left to right). We compute
the rates of recombination on these edges as well as on those who go extinct more rapidly. We repeat the same
for posterior predictive recombination networks that we simulated from the given sampling times, the inferred
effective population sizes and the inferred recombination rates under the coalescent with recombination.
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Figure S12: Comparison of network statistics when simulating under the coalescent with recom-
bination compared to sampling under the truncated coalescent with recombination. We compare
the posterior distributions of network height, length and the number of recombination nodes when simulat-
ing recombination networks under th coalescent with recombination and when MCMC sampling under the
implementation of coalescent with recombination. We compare this for all the different MCMC operators imple-
mented. For MCMC operators which are not universal (cannot reach every point in the posterior distribution
by themselves), we tested the operator jointly with the Add/remove operator. The statistics above the root take
into account the full distribution of networks. The statistics below the root only take into account the parts
of the network that are below (more recent) than the oldest root of any individual position in the alignment.
These are the parts of the network that directly impact the likelihood.
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Figure S13: Inferred vs. true rates based on simulated data. A Simulated/true recombination rate on the
x-axis compared to the estimated recombination rate on the y-axis. The points are the median estimates, while
the errorbars denote the lower and upper bounds of the 95% highest posterior density intervals. B Simulated/true
vs. estimated effective population sizes. C Simulated/true vs. estimated evolutionary rate. D Simulated/true
vs. estimated gamma of the HKY+Γ4 site model.
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Figure S14: Inferred vs. simulated recombination events. Here, we show the recombination events for the
simulated networks (red cross) with the position on the genome on the x-axis and the timing of the event on
the y-axis. The contour plots show the density for inferred recombination events for the first 9 iterations of the
simulation study. The colors are scaled such that the peak intensity has the same color in all plots. The time in
the past is limited to the duration of sampling, i.e. the time when samples were taken.
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Figure S15: Effective sample sizes per megasample. We computed the effective sample size values computed
using coda (Plummer et al., 2006) for posterior probabilities, network/tree likelihood values, network/tree root
heights and effective population sizes for 300 simulations. The line denotes the mean estimate of the linear
regression and the shaded area the 95% confidence interval of the linear regression.
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Figure S16: Effective sample Sizes of MERS MCMC runs using the spike protein only. Here, we
compare ESS values after 25 Million MCMC iterations when inferring either networks or considering trees only
for 100 MERS spike sequences. The operator weights for the inference of recombination networks is the same
as used in the other coronaviruses in this manuscript. For the tree inferences, we used the default operator
weights. We computed the effective sample size values computed using coda (Plummer et al., 2006) for posterior
probabilities, network/tree likelihood values, network/tree root heights and effective population sizes.
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