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Materials and Methods
S1. Compilation of genetic, temporal and geodraphic data

We began by conducting a preliminary phylogenetic analysis to narrow the
geographic focus of our study. We screened the HIV Sequence database (65) and retained
all HIV-1 group M sequences from Cameroon (CM), Central African Republic (CF),
Republic of Congo (RC) and Gabon (GA), plus a subset of sequences sampled from the
Democratic Republic of Congo (DRC). These countries each include the Congo River
basin and the range of the chimpanzee sub-species Pan troglodytes troglodytes. We
focused on env C2V3 sequences because this genomic region is represented in the
sequence database by the highest number of sequences (65). Each sequence was isolated
from a sample taken from a single infected individual in a known year and geographic
location. The data set for the preliminary analysis (fig. S1) comprised 814 sequences,
sampled from the DRC (n=348), the RC (n=118), CM (n=304), GA (n=36), CF (n=7).
Multiple sequence alignments for all data sets were constructed using MAFFT (66) and
subsequently edited by hand in Se-Al (http://tree.bio.ed.ac.uk/). A time-scaled
evolutionary history with ancestral location estimates from the preliminary data set
clearly places the common ancestor of HIV-1 group M in the DRC (figs. S2 and S3).

Next we compiled a large set of envelope C2V3 sequence data comprising the full
genetic diversity of HIV-1 group M in the DRC. Sampling dates and locations were
confirmed by reference to the original literature. Data was available from six locations in
the DRC, in Kinshasa, KN (the capital city), the north (Bwamanda, BW, and Kisangani,
KS), and the south (Mbuji-Mayi, MM, Likasi, LK, and Lubumbashi, LB; main text Fig.
2). Because a remarkably high diversity of HIVV-1 group M viruses has been found in the
neighboring RC, we also included available C2V3 sequence data from Brazzaville, BR,
and Pointe Noire, PN (table S1), resulting in a total of 792 nucleotide sequences (sites
7050-7541 relative to HXB2) collected between 1985-2004 (data set A). We focused on
samples collected in the largest urban centers of the DRC and RC (40, 41, 67). Itis
possible that individuals living immediately outside these settlements may have attended
the hospitals or clinics there.

Further phylogeographic hypotheses were tested by adding additional sequences to
data set A, giving rise to data set B (fig. S1, table S1). Specifically, to establish the
founder population of HIV-1 subtype C, the predominant lineage worldwide (53), we
added 67 subtype C sequences from southeast Africa (Zambia, Botswana, Tanzania,
Kenya, Uganda, Burundi, Ethiopia and South Africa) sampled between 1986-2005 (65).
To identify the founder population of HIV-1 subtype B, we added 67 sequences from the
Americas (Haiti, Trinidad and Tobago and the USA; sampled between 1978-1997) (52).
Lastly, to validate our spatio-temporal estimates we added the portion of isolate ZR59
that overlapped the sequences in data set A (positions 7081-7235, HXB?2). Isolate ZR59
was obtained in 1959 from blood collected in Kinshasa (17). Since the sequences for
ZR59 only partly overlap the C2V3 alignment, we dealt with phylogenetic uncertainty by
constraining ZR59 to be a sister lineage of subtype D (16, 25).

We subsequently down-sampled sequences from the most densely sampled location
(KN, for which 422 sequences were available) in data sets A and B, resulting in data sets
C and D, respectively (fig. S1, table S1). Down-sampling was undertaken to avoid



potential bias in spatial inference estimates that may arise from over-sampling a
particular location (68), and ensured that the numbers of sequences from the three most
densely sampled locations (KN, MM and BR) were equal (n=96). To obtain 96 sequences
sampled from KN we first retained all KN sequences (n=49) from the earliest sampling
time (1985) and then randomly selected other 47 sequences from KN. The 1985
sequences were retained in order to maximise temporal evolutionary signal (see main text
for discussion of the effects of the removal of these sequences). The limited
epidemiological data published to date suggests that KN, BR and MM have similar mean
HIV prevalences in the general adult population, ~4-5% (69, 70).

S2. Time-scaled phylogenetic tree reconstruction using BEAST/BEAGLE

All five data sets (fig. S1, table S1) were analyzed using a general time-reversible
(GTR) nucleotide substitution model (71) specifying a gamma distribution as a prior on
each relative substitution rate, with a shape parameter = 0.05 and a scale parameter =
0.10 for all rates except for rag, for which a scale parameter of 0.20 was specified. We
used a discrete gamma distribution to model among-site rate heterogeneity (72) with an
exponential prior (mean = 0.5) on the shape parameter. We used a relaxed uncorrelated
lognormal (UCLN) molecular clock model in order to infer the timescale of HIV
evolution while accommodating among-lineage rate variation (73), with a gamma
distribution prior on the mean clock rate (shape = 0.001, scale = 1000) and an exponential
prior (mean = 1/3) on the standard deviation.

To confirm that our results are robust to the choice of the molecular clock model, we
estimated the time of the most recent common ancestor (TMRCA) for data set C using (i)
the UCLN model (73), (ii) the strict molecular clock, which assumes no among-lineage
variation, (iii) the uncorrelated exponential relaxed clock (UCED) (73), and (iv) the
random local clock (RLC) model (74), which allows a small number of discrete rate
changes and hence permits different regions of the tree to evolve under different
evolutionary rates. Crucially, all give highly consistent estimates (fig. S8a) demonstrating
that the estimated epidemic timescale is robust to the molecular clock prior model
chosen. No support was found for phylogenetically-correlated rate changes under the
RLC (95% Cls of the estimated number of discrete rates = 0-4). The coefficient of
variation of the UCLN, a measure of among-lineage rate variation, was estimated at
0.229 (95% CI: 0.198-0.259). We also tested whether estimates of the TMRCA, and of
the age of the ZR59 strain used for statistical validation, were congruent across the data
sets analysed. Estimates of these dates were highly consistent across data sets A, B, C and
D (fig. S9).

To reconstruct the spatial dynamics of HIV-1 group M, we employed a Bayesian
discrete phylogeographic approach (75, 76) using Markov chain Monte Carlo (MCMC)
sampling, as implemented in the BEAST v1.8.0 software package (77). We also used the
BEAGLE parallel computation library (78, 79) to enhance the speed of the likelihood
calculations. For each data set, at least 3 MCMC chains of 250 million steps were
computed. Parameters and trees were sampled every 50,000" step. Samples were
combined with LogCombiner (77) and between 10 to 30% of each MCMC chain was
discarded as burn-in. MCMC mixing was diagnosed using visual trace inspection and
calculation of effective sample sizes in Tracer (77). We report the posterior mean and



95% Bayesian credible intervals for evolutionary parameters. Using LogCombiner, we
subsampled the posterior distribution of phylogenetic trees to generate an empirical
distribution of 2,000 trees that is representative of the posterior sample. These were used
for the phylogeographic analysis reported in Tables S2-S5. Sequence alignments,
accession numbers, BEAST XML input files, and subsampled tree files are available in
the DRYAD Repository (http://dx.doi.org/10.5061/dryad.nn952).

S3. Introduction to phylogeographic inference

Epidemiological processes such as geographic spread and population growth leave a
measurable imprint on HIV-1 genomes sampled from infected individuals at different
places and times (24, 80). These processes can be recovered from genetic data using
formal statistical inference methods that take into account both the sequences’ shared
ancestry and sources of statistical uncertainty (76, 81).

To illustrate the general principles of phylogeographic inference, fig. S2 shows virus
sequences sampled from three different geographic locations (A, B and C). When
individuals are infected in one location and then move to another, or infect someone
whilst travelling, this is apparent as a “change” in the location ascribed to one branch of
the tree. It is these viral lineage movements, which depend not only upon the location
values at the tree tips but also on the particular shape of the phylogeny, that provide the
information for phylogeographic inference. The pie charts in fig. S2 loosely illustrate
statistical support for the inferred location of each internal (unobserved) node, including
the most recent common ancestor (root). When movement is ubiquitous (left panel), there
will be no relationship between phylogenetic clustering and geographic location, leading
to equal support that A, B or C is the location of the root. On the other hand, if viral
lineage movement is occasional (right panel) then one root location may be much more
probable than others (in this case, location B). A more detailed and formal explanation of
this approach is provided in (76, 82, 83).

S4. Discrete phylogeodraphic analyses and spatial structure

To perform ancestral reconstruction of the unobserved sampling locations, a variety
of phylogeographic analyses were performed, utilizing the empirical distributions of trees
obtained from data sets A to D in Tables S2-S5 (see section S2 above). For the
preliminary analysis, two locations were considered: “DRC” and “Other locations in the
Congo River basin” (fig. S3). Phylogeographic analyses of data sets A and C included 6
DRC locations and 2 RC locations. Phylogeographic analyses of data sets B and D
included 6 DRC locations, 2 RC locations, plus southeast African (SEA) and American
discrete locations to represent subtypes B and C (fig. S1). The location exchange process
throughout the entire phylogeny was modeled using both symmetric (reversible) and
asymmetric (non-reversible) continuous-time Markov chains (CTMCs) (75, 76) with an
approximate CTMC conditional reference prior on the overall rate scalar (84) and a
uniform prior distribution [0,1] on the root state frequencies in the asymmetric models.
The asymmetric model uses separate parameters for forward and reverse rates of
movement between each pair of locations whilst the symmetric model sets the forward
and reverse rates to be equal.



To infer a minimum set of location exchange rates that provides an adequate
description of the process of viral dissemination, we use a Bayesian stochastic search
variable selection (BSSVS) procedure (76). This approach assumes a priori that many
location state transitions remain unobserved and their corresponding rates are therefore
zero. This is formally represented by a truncated Poisson prior that places a 50% prior
mass on minimal rate configurations (i.e. only k-1 among-location rates are needed to
connect k locations). By comparing the prior with the posterior odds for a particular rate
being non-zero, this procedure offers a Bayes factor (BF) test to identify the most
adequate parsimonious description of the process of spatial spread. To test whether the
down-sampling of sequences from Kinshasa impacted upon the estimation of the support
for viral dispersal links, we compare data sets B and D. Specifically, for these data sets,
we compare the k-1 among-location rates that are most strongly supported by BSSVS
procedure, using both symmetric and asymmetric diffusion models (table S3). In
addition, we estimate the expected number of location changes along the branches of a
posterior tree distribution using a “robust counting® procedure (85-87), as implemented in
BEAST v1.8.0 (77). This approach uses stochastic mapping techniques to infer, on a
branch-by-branch basis, the history of viral movement events between each pair of
locations. Fig. S5 shows the percentage of virus movement events from Kinshasa to other
locations (conditional on high BF support for the link between the two locations). Fig. S6
shows the percentage of all virus movement events from each location. We used R to
summarize posterior probability distribution densities for these transitions and used the
ggplot2 package to plot the estimated number/proportion of changes through time to/from
particular locations (88, 89).

To further explore whether our estimates of the location of the HIV-1 group M
ancestor are affected by differences in the number of samples per location, we
randomized tip-to-location assignments during the Bayesian inference of each data set.
This procedure results in posterior probabilities for each location being the location of the
group M common ancestor that are approximately equal (fig. S4). This confirms that the
source location that we infer for the real data emerges from the association between
phylogenetic clustering and sample location and not from the relative frequency of
sampling locations.

S5. Demographic model selection

We evaluated the performance of different coalescent tree priors using a formal
model selection procedure. Marginal likelihoods of parametric models (constant,
expansion, exponential, logistic growth), and a recently developed flexible nonparametric
model (90), were compared on data set C using an improved variant of path sampling
(PS) (91, 92) called stepping-stone (SS) (93) sampling. For the PS method, we selected 3
values from the path between the posterior and the prior according to evenly-spaced
quantiles of a Beta distribution, with exponent = 0.3 and shape parameter = 1.0, as
recommended by Xie et al. (93).

Statistical model selection indicated that the Bayesian skygrid model fitted the
data better than simple parametric models such as constant size, exponential growth, and
logistic growth (table S7). Based on the dynamics inferred by the nonparametric
approach, we subsequently developed a two-phase exponential-logistic growth



parametric model that provided the best fit among all parametric models (table S7). This
model estimates growth rate parameters for each growth period independently and
provides an estimate of the time of transition between the exponential and logistic
periods. Prior distributions for the exponential-logistic growth coalescent model were as
follows: for the effective population size at present we used a log-normal distribution
(mean=1.0, standard deviation=2.5), for both the exponential phase and logistic phase
growth rate parameters we used a Laplace distribution (mean=0.0, scale parameter=0.05),
for the exponential-to-logistic transition time we used a gamma distribution
(shape=0.001, scale=1000), and for the logistic half-life time parameter we used a gamma
distribution (shape=0.001, scale=1000).

To test whether our results are robust to the coalescent prior used, we estimated
the TMRCA parameter under six different coalescent prior models. The coalescent prior
chosen had no significant effect on the TMRCA estimates (fig. S8a, table S7). Further,
we also estimated the three key parameters of the exponential-logistic growth model
(transition time, exponential growth rate, logistic growth rate) under three different
molecular clock models (UCLN, RCL and strict clock). Again, the choice of prior model
had no significant effect on the estimated parameter values (figs. S8b,c). The BEAST
XML definition of the exponential-logistic model is available in the Dryad Repository
(http://dx.doi.org/10.5061/dryad.nn952).

S6. The impact of recombination on Bayesian genealogical inference

We employed custom coalescent simulation software (source code available upon
request) to assess the impact of recombination on parameter estimates in BEAST. This
approach generates non-contemporaneous sequence data using a two-step population
genetic procedure that includes recombination and variable demography. First, a
genealogy relating the sample is simulated under the coalescent framework with
recombination and population size change through time. Second, sequences are evolved
along this genealogy or ancestral recombination graph under a particular nucleotide
substitution model.

We modeled our simulations after estimates obtained for a subset (n=150) of the
HIV-1 group M sequences sampled between 1985-2004 from data set C. We performed a
Bayesian inference analysis on this data set using a GTR substitution model with gamma-
distributed among-site rate heterogeneity and an exponential growth demographic
function. Based on this analysis, we generated sequence data following the empirical
sampling time distribution and using empirical HIV-1 base frequencies, the estimated
GTR and gamma distribution parameters, a substitution rate of 0.003 substitutions per
site per year, an effective population size at present of 500,000 and an exponential growth
rate of 0.147 yr™. Five hundred replicates were generated for four different recombination
rates: 0.0, 0.000075, 0.00015 and 0.0003 recombinations per site per year. Table S8 lists
the number of recombination events estimated as well as the difference between the
expected ¢-statistic under the assumption of no recombination and the observed ¢-
statistic for the data sets generated using the different recombination rates (94). We note
that the difference between the expected and observed ¢-statistic for the real DRC data
set (-0.02), for which no significant evidence of recombination is detected (P=0.98), is in
the 25" percentile for the simulated data without recombination.



The results of the simulations outlined above are presented in table S9, which
reports the coverage probability, mean squared error (MSE) and bias of estimates of three
parameters: (i) the TMRCA, (ii) the evolutionary rate and (iii) the exponential growth
rate. For the TMRCA, the coverage decreases from close to the nominal value (95%)
without recombination, to about 82% for the highest recombination rate. There is also an
increase in MSE for higher recombination rates, and this seems to be mostly attributable
to an increase in variance of the estimates, as the bias is relatively limited, even for high
recombination rates (mean of 5.27% of the TMRCA for r=0.0003). We note that there is
a tendency to slightly underestimate TMRCASs in our framework in contrast to previous
findings demonstrating that recombination may lead to an overestimation of divergence
times using maximum likelihood methods (95).

Concomitant with the slight underestimation of TMRCASs, we also observe a small
overestimation of evolutionary rates for high recombination rates (about 8.91% for r =
0.0003). So, the major consequence of recombination on estimation of both the TMRCA
and evolutionary rate appears to be that one will be somewhat too confident in these
estimates. A stronger effect is observed for the exponential growth rate in the coalescent
model, which is overestimated by a mean of 52.29% or r=0.0003, which reduces the
coverage (to 15% for r=0.0003). This can be explained by the fact that trees estimated
from recombinant sequences tend to be more star-shaped than expected from the
underlying demographic model, which gives the false impression of higher growth rates
(59).
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Fig. S1.

Flow diagram illustrating the data sets and analysis approach undertaken in this study.
Sampling locations in the DRC are KN=Kinshasa, MM=Mbuji-Mayi, LB=Lubumbashi,
BW=Bwamanda, LK=Likasi, KS=Kisangani. Sampling locations in the RC are
BR=Brazzaville, PN=Pointe Noire. SEA=Southeast Africa subtype C. The numbers of
sequences from KN (underlined) were downsampled in data sets C and D to achieve an
identical number of sequences for the three most densely sampled locations (KN, MM,
BR; table S1). Data sets subjected to molecular dating and population dynamic analyses
are indicated with red squares, whilst those used for phylogeographic analyses are
indicated with blue squares. All analyses are described in Materials and Methods.
Sequence alignments, accession numbers and BEAST XML input files have been
deposited in the Dryad Repository (http://dx.doi.org/10.5061/dryad.nn952).
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Fig. S2.

Illustration of the general principles of phylogeographic inference. Traits A, B and C at
the tips of the phylogeny represent hypothetical geographic locations from which genetic
sequence data was collected. The color-coded pie charts represent posterior probability
support for the location estimates.
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Fig. S3.

Time-calibrated maximum clade credibility tree of the preliminary analysis data set (see
fig. S1). Branches in the phylogeny are colored according to their most probable
geographic location. DRC locations are in gray; other countries located in the Congo
River basin are shown in green (Cameroon, Central African Republic, Republic of
Congo, Gabon; see Materials and Methods). At each node, circles are colored according
to the posterior probability of the node location (see color gradient, top-left). Bayesian
inference was performed as described in Materials and Methods. The posterior
probability support for DRC as the ancestral root location was >0.99. The posterior
probability density of the earliest migration event out of the DRC is superimposed in gray
and is centered around 1944,
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Results of the randomization procedure, used to assess the robustness of the estimated
location of the HIVV-1 group M common ancestor. During the analysis of each data set,
the assignment of locations to tree tips was randomized. In each panel, sampling
locations are shown on the left, and the posterior probability for each of location being
the root location is shown on the horizontal axis.
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Estimated percentages of HIVV-1 group M migration events from Kinshasa to each
location in the DRC and RC, obtained using data set C. Posterior mean and 95%
Bayesian credible intervals (BCIs) of the percentage of jumps from each location
obtained using a robust counting approach (see Materials and Methods). Color-coded
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Fig. S6.

Estimated percentages of HIVV-1 group M migration events from each location, obtained
using data set C. Posterior mean and 95% Bayesian credible intervals (BCls) for each
percentage were obtained using a robust counting approach (see Materials and Methods).
Color-coded locations are shown on the right.
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Fig. S7.

Bayesian skygrid plot estimated for the subset of sequences (n=84) in data set C that
maintain ancestry in Kinshasa throughout their entire phylogenetic history. Mean and
respective 95% BCls of the compound parameter [effective population size x generation
time] are plotted in red. The gray area represents the BCI of the posterior estimate of the
transition time between the slow and fast growth rate phases of the exponential-logistic
demographic model (main text Fig. 4). The vertical black line represents the mean
estimate of this parameter.
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Robustness of estimates of key parameters to the choice of coalescent and molecular
clock priors in our Bayesian inference framework (TMRCA, panel A; epidemic transition
time, panel B; exponential and logistic growth rates, panel C). Vertical boxes show mean
parameter estimates and vertical bars represent the corresponding 95% Cls. Red dashed
lines and gray horizontal bars indicate the mean and 95% Cls of the parameter estimates
that were reported in the main text. Model definitions are provided beneath each estimate;
the top line of text specifies the coalescent prior used and the bottom line of text specifies
the clock model used. All analyses were conducted using data set C. In panel C, the
logistic phase growth rates were ~2.9 times faster than the exponential phase growth
rates. RLC: random local clock; UCLN: uncorrelated relaxed lognormal clock; UCED:
uncorrelated relaxed exponential clock; Expo: exponential growth coalescent prior,
ExpoLog: exponential-logistic coalescent prior; Expan: expansion coalescent prior;
Constant: constant size coalescent prior. The expoLog+UCED model combination did
not converge.
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Robustness of molecular clock dating estimates for different data sets (table S1) and
coalescent priors. All analyses were performed using an uncorrelated relaxed lognormal
molecular clock model. Red dashed lines and gray horizontal bars indicate the mean and
95% Cls of the parameter estimates that were reported in the main text. Small arrows
within the right hand side panels indicate the true age of the ZR59 isolate.



Table S1.

HIV-1 group M data sets used in this study. The numbers of sequences from Kinshasa
after down-sampling are highlighted in bold. Data sets B and D include
US/Haiti/Trinidad subtype B and southeast African (SEA) subtype C sequences. The
ZR59 sequence was added to data sets B and D and its date and location of sampling was
estimated as a control. RC: Republic of Congo. Brazzaville is separated by Kinshasa only
by the Congo River. Pointe Noire is the second largest city of the RC and is connected
since 1934 to Brazzaville via the Congo-Ocean railway (22).

Data sets
Locations A B C D References
Kinshasa 422 422 96 96 (12, 13, 32, 95)
Kisangani 23 23 23 23 (32)
Mbuji-Mayi 96 96 96 96 (13, 32)
Bwamanda 33 33 33 33 (13)
Likasi 24 24 24 24 (31)
Lubumbashi 76 76 76 76 (32)
Brazzaville (RC) 96 96 96 96 (18, 19)
Pointe Noire (RC) 22 22 22 22 (96)
Americas subtype B - 67 - 67 (52,97)
SEA subtype C - 67 - 67 (65)
ZR59 - 1 - 1 (A7)

Total 792 927 466 601




Table S2.

Root state posterior probabilities estimated for data set A. Root location state
probabilities were estimated for a representative sample of 2,000 genealogies drawn from
the posterior distributions using the discrete phylogeographic models implemented in
BEAST v.1.8.0 (77). Symmetric (76) and asymmetric (75) models of trait diffusion were
used, with and without Bayesian stochastic search variable selection (BSSVS) (76).
Modal state probability support values are highlighted in bold. SEA=Southeast Africa.

Reversible Reversible Non- Non-Reversible

BSSVS Reversible BSSVS
Kinshasa 1.0000 0.998 1.0000 0.998
Kisangani 0.0000 0.0000 0.0000 0.0000
Mbuji-Mayi 0.0000 0.0000 0.0000 0.0000
Bwamanda 0.0000 0.0000 0.0000 0.0000
Likasi 0.0000 0.0000 0.0000 0.0000
Lubumbashi 0.0000 0.002 0.0000 0.002
Brazzaville 0.0000 0.0000 0.0000 0.0000
Pointe Noire 0.0000 0.0000 0.0000 0.0000
Americas subtype B 0.0000 0.0000 0.0000 0.0000

SEA subtype C 0.0000 0.0000 0.0000 0.0000




Table S3.
Root state posterior probabilities estimated for data set B. See table S2 for details.

Reversible Reversible Non_— Non-Reversible

BSSVS Reversible BSSVS
Kinshasa 0.991 0.9906 0.9972 1.0000
Kisangani 0.0000 0.0000 0.0000 0.0000
Mbuji-Mayi 0.0025 0.0007 0.0000 0.0000
Bwamanda 0.0000 0.0000 0.0000 0.0000
Likasi 0.0049 0.0074 0.0009 0.0000
Lubumbashi 0.0008 0.0000 0.0009 0.0000
Brazzaville 0.0008 0.0013 0.0000 0.0000
Pointe Noire 0.0000 0.0000 0.0009 0.0000
Americas subtype B 0.0000 0.0000 0.0000 0.0000

SEA subtype C 0.0000 0.0000 0.0000 0.0000




Table S4.
Root state posterior probabilities estimated for data set C. See table S2 for details.

Reversible Reversible Non.- Non-Reversible

BSSVS Reversible BSSVS
Kinshasa 0.998 0.996 0.9959 0.9573
Kisangani 0.0000 0.0007 0.0000 0.0000
Mbuji-Mayi 0.0000 0.0007 0.0000 0.0000
Bwamanda 0.0000 0.0000 0.0000 0.0000
Likasi 0.0013 0.0027 0.0000 0.0000
Lubumbashi 0.0007 0.0000 0.0000 0.0000
Brazzaville 0.0000 0.0000 0.0000 0.0000
Pointe Noire 0.0000 0.0000 0.0000 0.0000
Americas subtype B 0.0000 0.0000 0.0000 0.0000

SEA subtype C 0.0000 0.0000 0.0041 0.0427




Table S5.
Root state posterior probabilities estimated for data set D. See table S2 for details.

Reversible Reversible Non- Non-Reversible

BSSVS Reversible BSSVS
Kinshasa 0.9875 0.997 0.9953 0.9962
Kisangani 0.0000 0.0000 0.0000 0.0000
Mbuji-Mayi 0.0062 0.0000 0.0000 0.0000
Bwamanda 0.0000 0.0000 0.0000 0.0000
Likasi 0.0031 0.0000 0.0047 0.0047
Lubumbashi 0.0000 0.0000 0.0000 0.0000
Brazzaville 0.0031 0.003 0.0000 0.0000
Pointe Noire 0.0000 0.0000 0.0000 0.0000
Americas subtype B 0.0000 0.0000 0.0000 0.0000

SEA subtype C 0.0000 0.0000 0.0000 0.0038




Table S6.

The highest supported pathways of HIV-1 group M spread. Bayes Factor support for non-
zero viral migration pathways between pairs of geographic locations was obtained using
the BSSVS procedure (76). Bayes factors were summarized using the SPREAD v.1.0.6
application (98). Links supported by Bayes Factor (BF) values below ten are highlighted
in italics. Note that the first nine rates are concordant for both data sets and supported by
decisive BF support (>100). The finding of a significant rate between SEA subtype C and
Kinshasa is consistent with a report highlighting the introduction of this lineage in the
capital of the DRC in recent years (32).

Bayes factor

From To Data set D Data set B
Kinshasa Kisangani >1000 >1000
Kinshasa Mbuji-Mayi >1000 >1000
Kinshasa Bwamanda >1000 >1000
Kinshasa Lubumbashi >1000 >1000
Kinshasa Likasi >1000 >1000
Kinshasa Brazzaville >1000 >1000
Brazzaville Pointe Noire >1000 702.6
SEA subtype C Mbuji-Mayi >1000 >1000
SEA subtype C Lubumbashi >1000 >1000
Mbuji-Mayi Lubumbashi 562.5 3.88
Brazzaville Kinshasa 219.6 271.89

SEA subtype C Kinshasa 60.27 >1000




Table S7.

Log marginal likelihood estimates for different coalescent tree priors applied to HIV-1
group M. The best fitting parametric and nonparametric coalescent tree priors are
highlighted with superscripts 1 and 2, respectively, for each marginal likelihood
estimator. Duplicate analyses were run using equal numbers of MCMC iterations,
resulting in identical results and low variance of the estimators (not shown). These
estimates did not change with longer run times. HME: harmonic mean estimator, SHME:
stabilized/smoothed harmonic mean estimator, PS: path sampling, SS: stepping-stone.

Method Constant  Expansion Exponential Logistic Expo-Log*  Skygrid?

HME -54675.31  -54695.07  -54686.90 -54665.65 -54657.80  -52532.57
sHME -54629.34  -54640.59  -54626.52 -54627.01 -54610.74  -52489.26
PS -57507.68  -56913.42  -56898.19 -56890.70 -56662.06  -54653.82
SS -57525.65 -56935.26  -56918.06 -56908.73 -56682.33  -54675.26




Table S8.

Number of recombination events and differences in expected and observed ¢-statistics
estimated for simulations under different recombination rates.

No. recombination

Recombination rate events (95% CI) de- O, (stdev)

0 0 -4.60 x 10*(3.16 x 10
0.000075 135 (114, 160) 1.69 x 10%(1.11 x 107
0.000150 276 (240, 314) 1.89 x 10 (3.36 x 102

0.000300 547 (504, 567) 1.89 x 10 (3.50 x 102




Table S9.

Influence of recombination rate on estimates of times to the most recent common

ancestor (TMRCA), evolutionary rates and growth rates. Coverage=coverage probability
and MSE=Mean squared error.

Recombination rate

Parameter Property
0.0 0.000075 0.000150 0.000300
TMRCA Coverage 0.945 0.883 0.845 0.824
MSE 43.979 54.178 64.741 71.423
Bias -0.737 2.261 3.112 4.296
Evolutionary rate Coverage 0.916 0.845 0.833 0.838
MSE 7.624E-08  1.362E-07 1.667E-07  1.952E-07
Bias -1.702E-05 -2.147E-04 -2.413E-04 -2.672E-04
Growth rate Coverage 0.941 0.840 0.531 0.148
MSE 2.432E-04  7.276E-04 2.081E-03  6.840E-03

Bias -1.964E-03 -1.825E-02 -3.891E-02  -7.686E-02
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