Supplementary Material

Consequences of the Last Glacial Period on the Genetic Diversity

of Southeast Asians

Spatially explicit computer simulations

We performed the spatially explicit computer simulations with the framework SPLATCHE3
[1]. This framework simulates multiple alignments of DNA sequences under evolutionary
scenarios that account for environmental heterogeneity over time and space. Note that
spatially explicit models of evolution are more realistic than models that ignore the landscape
and environment [2,3]. SPLATCHE3 comprises two main processes: (a) A forward-in-time
phase that includes the simulation of the demographic history of the population expanding
over a landscape (which can be obtained with geographic information systems [4]) under a 2D
stepping-stone migration model [5] (but it can also simulate long-distance dispersal, see later)
and according to user-specified demographic parameters. () A backward-in-time phase that
considers the demographic history previously simulated to obtain a coalescent tree for a user-
specified sample (including its size and location). Then it performs the simulation of genetic
data (i.e., DNA sequences) along the simulated coalescent tree considering a mutation rate u.
We applied a demographic model implemented in SPLATCHE3 [1], in which the population
growth follows a standard logistic curve, controlled by the carrying capacity and growth rate
[1]. The number of emigrants in the four directions was assumed constant (isotropic
migration) to avoid overparameterization [1]. The demographic model allows the user to
define a proportion of migrants (LDDprop) moving through long-distance dispersal (LDD)
within a user-specified maximum migration distance (we applied 500 km following Arenas et
al. [6]) under the LDD model implemented by Ray and Excoffier [7]. Importantly, the
evolutionary model considered that demes without resources (carrying capacity = 0) cannot
allocate individuals. Under that model, we designed a total of 4 evolutionary scenarios based
on considering and/or ignoring the sea level variation induced by the last glacial period (LGP)
and migration through LDD. We adapted the 2D map of Southeast Asia (SEA) of 44,064
demes (216%204, each deme corresponds to 25%25 km) provided by Arenas et al. [6]. A total
of 11,379 demes were permanent land (common to all evolutionary scenarios) and a total of

6,763 demes were temporarily exposed land in scenarios that consider the LGP (scenarios



LGP and LGP&LDD, for the remaining scenarios they were permanent water regions). The
applied demographic and genetic parameters were drawn from uniform distributions based on
previous studies (see Table S4 for details). Briefly, a population (comprising N individuals)
started to expand from current Bangladesh at time 7 years ago under a population growth rate
r. For scenarios that ignore the LGP (scenarios NONE and LDD), the migration rate (m) and
carrying capacity (K) were constant over time and space. For scenarios that consider the LGP
(scenarios LGP and LGP&LDD), the migration rate and carrying capacity varied through time
and space (different rates for permanent and temporarily exposed lands). In particular,
temporary land demes included a migration rate and carrying capacity (m_temp and K temp,
respectively) different to the migration rate and carrying capacity of permanent land demes.
When temporary land demes were submersed, their migration rate and carrying capacity were
set to 0. In order to model short maritime migrations (without LDD), that have been proposed
in [6], we implemented narrow land corridors (Figures S1-S4) with low carrying capacity

(K=25) and migration rate (m=0.0125 towards every direction) [6].



Table S1. Sample location, sample size and references of the studied data. The samples

belong to individuals of diverse SEA populations and were arranged in 5 groups (first

column) according to their geographic distribution (see the main text). The column headed

Sample size refers the number of individuals per location. The column headed References

cites the studies from which the genetic sequences were retrieved.

Group Country (island) | Region/Population | Sample size References
Liannan 35 [8]
China
Wenshan 39 [8]
Group 1
Saisiat 40 [9]
Taiwan
Paiwan 50 [10]
Myanmar Bago 28 [11]
Group 2 Thailand Moken 40 [12]
Vietnam Cham 50 [13]
Ilocos 13 [6,14-16]
Central Luzon 24 [6]
Manila 17 [6]
Calabarzon 20 [6]
Group 3 Philippines Bicol 10 [6]
Western Visayas 30 [6]
Eastern Visayas 16 [6]
Central Visayas 14 [6]
Mindanao 14 [6]
Malaysia (Borneo) Kota Kinabalu 50 [17]
Indonesia
Group 4 Bangka 10 [18]
(Sumatra)
Indonesia (Borneo) Banjarmasin 50 [14,16,19]



Indonesia (Bali) Denpasar 19 [17]

Indonesia Manado 10 [17]

(Sulawest) Toraja 10 [17]

Group 5 | Indonesia (Papua) Una 50 [20]
Timor-Leste Timor 50 [21]

Australia Kalumburu 32 [22]




Table S2. Prior distributions for the demographic and genetic parameters applied in the

computer simulations. For every parameter (its abbreviation is shown in parenthesis), the

table includes the applied prior distribution (note that we specified uniform prior distributions

to all the parameters following previous works [23,24]), the studied evolutionary scenarios

that consider the parameter (4// indicates that the parameter is used in all the studied

evolutionary scenarios) and the references that support the applied parameter values of the

prior distribution.

Studied
Parameter Prior distribution ) Reference
scenario
Time of the beginning of Uniform (60,000 -
All [6,18,25]
the expansion (7) 70,OOO)Jr
Initial population size (V) Uniform (25,000 — 75,000) All [6,26,27]
Population growth rate (r) Uniform (0.4 — 1.0) All [6,28,29]
Migration rate (m) Uniform (0.2 — 0.3) All [6,28]
Migration rate of _ LGP and
Uniform (0.2 - 0.3) [6,28]
temporary land (m_temp) LGP&LDD
Carrying capacity (K) Uniform (1,000 — 4,000) All [6]
Carrying capacity of ) LGP and
Uniform (1,000 — 4,000) [6]
temporary land (K_temp) LGP&LDD
Mutation rate (x) Uniform (1x10™° = 1x107) All [6,30-32]
LDD proportion ) LDD and
Uniform (0.01 — 0.05) [28]
(LDDprop) LGP&LDD

"Time is shown in years.



Table S3. Summary statistics and their estimation for the observed dataset. The applied

summary statistics (details about its selection in the main text) include genetic differentiation

(Fst) between populations located in the most northwestern and southeastern regions (entries

1-9), decay of the genetic differentiation (Fsr) between the Bago population (the most

northwestern population) and all the other populations with the geographic distance between

them (entry 10) and, decay of the nucleotide diversity of all populations with the distance to

the geographic origin of the expansion (entry 11).

Entry Summary Statistics Value in observed data
’ Genetic differentiation between populations 0.109
Bago and Timor-Leste (FST Bago Timor) '
Genetic differentiation between populations
2 0.003
Bago and Una (FST Bago Una)
3 Genetic differentiation between populations 011
117
Bago and Kalumburu (FST Bago Kalumburu)
Genetic differentiation between populations
4 Wehnshan and Timor-Leste 0.007
(FST Wehnshan_Timor)
Genetic differentiation between populations 0.021
5 .
Wehnshan and Una (FST Wehnshan Una)
Genetic differentiation between populations
6 Wehnshan and Kalumburu 0.034
(FST Wehnshan Kalumburu)
Genetic differentiation between populations
7 . . 0.004
Liannan and Timor-Leste (FST Liannan Timor)
Genetic differentiation between populations
8 _ -0.009
Liannan and Una (FST Liannan_Una)
Genetic differentiation between populations
9 Liannan and Kalumburu 0.043

(FST Liannan_Kalumburu)




Decay of the genetic differentiation between the

Bago population and all the other populations

10 1.537x107
with their geographic distance
(slope FSTtoBago)
Decay of the nucleotide diversity per population
11 with the geographic distance to the location of -1.940%10™

the origin of the expansion (slope allPi)




Table S4. Power of the applied ABC methods to select among the studied evolutionary
scenarios. The table shows the proportion (between 0 and 100) of pseudo-observed
simulations in a cross-validation analysis to predict an evolutionary scenario with the two
applied ABC methods (multinomial logistic regression (Reg) and neural networks based
(Nn)). Each row consists in 100 cross-validation of pseudo-observed simulations belonging to
every evolutionary scenario. Each column consists in the predicted evolutionary scenario for
the pseudo-observed simulations. Identification of the correct scenario is shown in bold (main

diagonal). A graphical representation of this table is provided in Figure S7.

NONE LGP LDD LGP&LDD
Predicted
Reg Nn Reg Nn Reg Nn Reg Nn
Simulated

NONE 100 100 0 0 0 0 0 0
LGP 7 2 88 96 0 2 3 0
LDD 0 0 0 2 72 76 28 22
LGP&LDD 3 0 0 1 28 23 72 76




Table SS. Power of the ABC method in parameters estimation. For every parameter
inferred from the pseudo-observed data we computed the distance between the true and the
estimated value (including median, mean and mode). The dashed line indicates that the
estimated parameter value is equal to the true parameter value (estimation error = 0). This

evaluation is only applied to the previously selected evolutionary scenario (LGP&LDD).
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Figure S1. Illustrative example of the range expansion over SEA under the evolutionary
scenario that ignores sea level variation and considers gradual migration (scenario
NONE). The colonization starts from a single deme located at the northwest of SEA (red
point in the first snapshot). Under this evolutionary scenario the sea level is constant and
equal to the current level. Green and white regions are colonized and not colonized regions,

respectively. Screenshots correspond to every 200 generations (from the left to the right).
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Figure S2. Illustrative example of the range expansion over SEA under the evolutionary
scenario that considers sea level variation and considers gradual migration (scenario
LGP). (A) The colonization starts from a single deme located at the northwest of SEA (red
point in the first snapshot) during the LGP, with sea level approximately 50 m BPL. Green
and white regions are colonized and not colonized regions, respectively. Screenshots
correspond to every 100 generations (from left to right). (B) Sea level variation after the
colonization of SEA. Green regions and white regions are colonized and not colonized
(submersed land) regions, respectively. The timing and sea level for each snapshot (from the

left to the right) are included in the figure.
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Figure S3. Illustrative example of the range expansion over SEA under the evolutionary
scenario that ignores sea level variation and considers gradual migration together with
LDD (scenario LDD). The colonization starts from a single deme located at the northwest of
SEA (red point in the first snapshot). Under this evolutionary scenario the sea level is constant
and equal to the current level. Green and white regions are colonized and not colonized
regions, respectively. Screenshots correspond to every 50 generations (from the left to the

right).
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Figure S4. Illustrative example of the range expansion over SEA under the evolutionary
scenario that considers sea level variation and considers gradual migration together
with LDD (scenario LGP&LDD). (A) The colonization starts from a single deme located at
the northwest of SEA (red point in the first snapshot) during the LGP, with sea level
approximately 50 m BPL. Green regions are colonized regions and white regions are areas
without populations. Screenshots correspond to every 50 generations (from the left to the
right). (B) Sea level variation after the colonization of SEA. Green regions and white regions
are colonized and not colonized (submersed land) regions, respectively. Screenshots
correspond to every 50 generations after the beginning of the LGM (from the left to the right).
The detailed timing and sea level variation after the colonization of SEA is detailed in Figure

S2B.
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Figure S5. Boxplots displaying the distribution of the selected summary statistics

computed from the data simulated under each evolutionary scenario. These SS were

selected considering that they can distinguish, at least partially, between the studied

evolutionary scenarios. The meaning of each SS is explained in the Table S3.
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Figure S6. Goodness-of-fit of the data simulated under every evolutionary scenario. (A)
Evaluation of the fitting of the simulated data with the observed data by the distance between
the distribution of the SS of the simulated data (histogram) and the SS from the observed data
(blue vertical line). These analyses agree with the posterior probability of each evolutionary
scenario (Table 1). (B) Evaluation of the fitting of the simulated data based on the first two
components obtained with a principal component analysis. The plot displays the 90% of
datasets simulated under each scenario. Note that the projection of the observed SS (black

cross) falls within the scenarios LDD and LGP&LDD, suggesting a better fitting with these

scenarios.
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Figure S7. Power of the ABC multinomial logistic regression and neural networks based
methods for selecting an evolutionary scenario among the studied evolutionary
scenarios. Each bar corresponds to the proportion (between 0 and 100) of pseudo-observed
simulations in a cross-validation analysis to predict an evolutionary scenario with the two
applied ABC methods, multinomial logistic regression (A) and neural networks based (B).
The color indicates the scenario predicted for each simulated dataset (see legend). Note that if
the evolutionary scenario is correctly selected for every simulated dataset, then each bar will

only have one color (corresponding to the true evolutionary scenario).
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Figure S8. Prior and posterior distributions of the parameters estimated under the best
fitting evolutionary scenario (LGP&LDD). The prior and posterior distributions are shown
in black and red, respectively. Additional information about these posterior distributions is

shown in Table 2.
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