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SUMMARY
I present here a new Approximate Bayesian Computation (ABC) approach allowing to estimate the ancestral dynamics of effective size in a population

from a sample of unphased diploid genomes from this population. This approach is based on summarizing the observed genomic sample using a set

of statistics related to the Allele Frequency Spectrum (AFS) and the decay of Linkage Disequilibrium (LD) with physical distance. Using simulations,

I show that this approach provides accurate estimations of population sizes from present time up to at least 20,000 generations before present. I then

apply it to large genomic samples in 4 cattle breeds, which reveals interesting aspects of cattle history, from domestication to modern breed creation.

ESTIMATION APPROACH
The history of effective size in a population is estimated using the following ABC [1] approach :

• The observed sample of n genomes is summarized using the following statistics : the overall proportion of

polymorphic sites over the genome (1 statistic), the relative proportion of these polymorphic sites carrying i

copies of the minor allele, for i from 1 to n/2 (n/2 statistics), and the average zygotic r2 for 18 bins of physical

distance (from 300bp to 1.4Mbp) between SNP (18 statistics).

• 450,000 genomic samples of n diploid genomes are simulated under a coalescent model with mutation and

recombination, assuming a piecewise constant population size with 21 fixed time windows. For each simu-

lated sample, the recombination rate and the 21 population sizes are sampled from prior distributions, while

the mutation rate is fixed to 10−8.

• Simulated samples are summarized using the same statistics as the observed sample, and the best 0.5% of

population size histories (i.e. those providing statistics that are the most similar to the statistics of the observed

sample) are selected. Population size history is finally estimated from these selected histories, using a neural

network regression approach and the abc R package [2].

PREDICTION ERROR

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

generations before present (log scale)

po
pu

la
tio

n 
si

ze
 p

re
di

ct
io

n 
er

ro
r 

0 10 100 1,000 10,000 100,000

●

●
● ● ● ● ● ● ● ● ● ●

●

●

●

●

●

●

●

●

●

●

● ● ● ● ● ● ● ● ●

●
●

●

●

●

●

●

●

●

●

●

●

●
● ● ● ● ● ● ●

● ● ●
●

●

●

●

●

●

●

●

●

●

●
● ● ● ● ● ● ● ● ● ●

●
●

●

●

●

●

●

●

●

●

●

●

●

LD statistics
AFS statistics without the proportion of SNP
AFS statistics
all statistics

Prediction errors computed from

2,000 simulated samples (n = 25).

Random histories sampled from

the prior result in an error of 1.

ESTIMATED HISTORY FOR 5 DIFFERENT SIMULATED SCENARIOS
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For each scenario, 3 simulated samples (n = 25) were analyzed with ABC or MSMC [3]. Reconstruction of recent history is more accurate with ABC.

ESTIMATED HISTORY IN 4 CATTLE BREEDS

years before present (log scale)
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