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Adam, Eve & 
Human Genetic 
Diversity
Richard Buggs
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The debate over Adam and the Genome

• Opening letter to Dennis Venema: http://richardbuggs.com/2017/09/29/email-to-dennis-
venema-about-human-population-bottlenecks/

• Blog about my concerns: https://natureecoevocommunity.nature.com/users/24561-richard-
buggs/posts/22075-adam-and-eve-a-tested-hypothesis

• Discussion at the Skeptical Zone including Joe Felsenstein and Steve Schaffner 
http://theskepticalzone.com/wp/adam-and-eve-still-a-possibility/

• Dennis Venema’s opening response https://biologos.org/articles/a-reply-to-dr-richard-buggs/
• Dennis Venema’s second response https://biologos.org/blogs/dennis-venema-letters-to-the-

duchess/adam-eve-and-population-genetics-a-reply-to-dr-richard-buggs-part-2
• Biologos Forum discussion 1 including Steve Schaffner, Joshua Swamidass and Ann Gauger

https://discourse.biologos.org/t/adam-eve-and-population-genetics-a-reply-to-dr-richard-buggs-
part-1/37039

• My response to Dennis Venema’s second response: 
http://richardbuggs.com/2018/02/24/coalescence-at-bottlenecks/

• Biologos Forum discussion 2 https://discourse.biologos.org/t/adam-eve-and-population-
genetics-a-reply-to-dr-richard-buggs-part-2/37338

• My preliminary conclusions from the debates: 
https://natureecoevocommunity.nature.com/users/24561-richard-buggs/posts/32171-adam-
and-eve-lessons-learned

• Joshua Swamidass’s conclusions from the debates: https://peacefulscience.org/three-stories-on-
adam/ and https://peacefulscience.org/reworking-adam/

• Dennis Venema’s most recent response: 
https://www.patheos.com/blogs/jesuscreed/2019/11/04/adam-once-more-with-feeling/
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https://www.youtube.com/watch?v=iOSo-VRbASE
15 May 2020

William Lane Craig
Genetic Challenge to Adam and Eve
https://www.youtube.com/watch?v=-7mEsa6-Hj8 9 May 2020
Script at: https://peacefulscience.org/wlc-genetic-challenge/
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Defining a 
genetic Adam 
and Eve
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Male Female
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A Genetic Adam and Eve: the sole 
ancestors of all human beings
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Objections
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Humans are too diverse to have descended from 
one couple. If we did descend from one couple, 

we would be so genetically uniform that our 
species would scarcely survive

Objection (1)
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A T G C

A single couple can carry up to four 
different genetic variants (alleles)

All possible Single Nucleotide Polymorphism 
(SNP) alleles can be carried
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SNP variation

• Human genome is 3.2 billion nucleotides long
• About 150 million SNPs are known (dbSNP 2015 

figure) in present day human populations
• Most of these are biallelic, and so can be 

contained in one individual
• The average human has 3.1 million single 

nucleotide variants but the average chimp has 5.7 
million (Prado-Martinez et al 2013 Nature).
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Parents

Offspring

Sexual reproduction: Independent 
assortment of variants 
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All 4 variants preserved 4/16 times = 0.25

15

4/16 = 0.25

16/256 = 0.062

64/4096 = 0.016

256/65536 = 0.004

1024/1048576 = 0.001

Chance of all 4 
variants being 

preserved
G0

G1

G2

G3

G4

G5

Chance loss of alleles due to genetic drift
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Probability of all four 
variants being passed on

0.56

0.77

0.25
2 children

3 children

4 children
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Rapid population growth means that few 
variants in the original couple will be lost
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Conclusion

A genetic Adam and Eve could contain and pass on 
to their children a very high level of SNP diversity

A bottleneck of two followed by rapid expansion 
will not make a species genetically uniform

The issue is not the level but the distribution of this 
diversity
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If there were a genetic Adam and Eve, 
reconstructions of past effective population 
sizes would show it

Objection (2)
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Population of sixPopulation of two

G1

G3

G2

G5

G4

G7

G6

Bigger populations lose variants through genetic drift more slowly than small 
populations

Over time, mutation-drift equilibrium is reached

We can work out approximately how big a population is if we know its genetic diversity 
and its mutation rate and we assume it has not changed in size for a long time 

Such an estimate is called “effective population size” or Ne
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But life is complicated
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G1

G3

G2

G5

G4

G7

G6

Selection can cause genetic diversity to be lower in a 
population than we would expect from its size alone
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G1

G3

G2

G5

G4

G7

G6

Hidden sub-division can cause genetic diversity to be higher in 
a population than we would expect from its size alone
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Migration from other populations can cause genetic diversity 
to be higher in a population than we would expect from its 
size alone
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G1

G3

G2

G5

G4

G7

G6

Undetected shift in mutation rate can cause genetic diversity 
to be higher in a population than we would expect from its size 
alone
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G1

G3

G2

G5

G4

G7

G6

Heterozygote advantage can cause genetic diversity to be 
higher in a population than we would expect from its size 
alone
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Estimating past effective population sizes

• E.g. PSMC method

• Many simplifying assumptions  
• Assume past population sizes to have been stable for 

long enough for mutation-drift equilibrium to be 
reached
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Conclusion

• Reconstructions of past effective population 
sizes would not detect a short, sharp 
bottleneck even if one had occurred
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The population 
genetics of 
bottlenecks

31

The population genetics of bottlenecks

• Theoretical studies
– M. Nei, T. Maruyama and R. Chakraborty 1975 Evolution, 

29(1):1-10 
• a bottleneck of a single pair would not lead to massive decreases 

in genetic diversity, if followed by rapid population growth
– M. Slatkin and L. Excoffier 2012 Genetics 191:171–181 

• two individuals taken at random from an existing large population 
will on average carry 75% of its heterozygosity 

– N. Barton and B. Charlesworth 1984, Ann. Rev. Ecol. Syst. 
15:133-64  

• From a bottleneck of a single fertilised female, if population size 
doubles every generation, after many generations the population 
will have over half of the heterozygosity of the population before 
the bottleneck
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The population genetics of bottlenecks

• Empirical examples
– McMullan, M., Rafiqi, M., Kaithakottil, G. et al. Nat Ecol Evol 2, 1000–1008 

(2018). 
• The ash dieback invasion of Europe was founded by two genetically divergent individuals.

– Kaeuffer, R., Coltman, D. W., Chapuis, J. L., Pontier, D., & Réale, D. (2007). 
Proceedings of the Royal Society B: Biological Sciences, 274(1609), 527-533.
• Unexpected heterozygosity in an island mouflon population founded by a single pair of 

individuals.
– Xue, D., Graves, J., Carranza, A. et al. Biol Invasions 20, 3297–3314 (2018).

• Successful worldwide invasion of the veined rapa whelk, Rapana venosa, despite a 
dramatic genetic bottleneck.

– Szűcs, M., Melbourne, B. A., Tuff, T., Weiss-Lehman, C., & Hufbauer, R. A. 
(2017). Ecology Letters, 20(4), 436-444.
• Severe bottlenecks due to small founding sizes reduced genetic variation and fitness but 

did not prevent adaptation if the founders originated from genetically diverse 
populations.
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This issue is not 
whether but 
when
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The issue is not the level but the 
distribution of this diversity

(1) Within populations
(2) Within genes

35

(1) Distribution within populations

0.25 0.5 0.75

Number 
of loci

Allele frequency spectrum in two individuals

36
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Allele frequency spectrum in large populations 
descended from two individuals after many generations

0.25 0.5 0.75

Number 
of loci

Variants from founding two individuals

Variants from new mutations

It takes time to build up a spectrum like this: lots of 
mutations are required

Allele frequency in population
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(2) Distribution within genes

AATTTGGACTGGTACAAA

AATATGGACTAGTACAAA

AATAAGGACTTGTACGAA

AATTAGGACTCGTACAAA

3 linked SNPs with 2 x 4 x 2 combinations 
= 16 possible haplotype alleles

Most genes are long enough to have very many possible haplotypes
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----A-----G----G--
----T-----A----T--

----A-----A----T--

----A-----A----C--

Recombination

Point mutation

Genes with more than four alleles must have undergone 
recombination and/or point mutation since a genetic Adam and 
Eve. This requires time.
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Two approaches to estimating when a 
genetic Adam and Eve could have 

occurred

1. Diversity within populations: African allele 
frequency spectra

2. Diversity with genes: Time to the most 
recent four common ancestors
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(1) African allele frequency spectra
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Allele frequency distribution 
for the combined African 
population in 1000 Genomes 
Project data

Model prediction for a 
population with constant size 
of 16384

42
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Allele frequency distribution for 
the combined African population in 
1000 Genomes Project data

Model prediction a bottleneck of 
two 100,000 years ago, with 
population doubling each 
generation until it reaches a final 
population size of 16,384
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Allele frequency distribution for 
the combined African population in 
1000 Genomes Project data

Model prediction a bottleneck of 
two 500,000 years ago, with 
population doubling each 
generation until it reaches a final 
population size of 16,384
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Allele frequency distribution for the 
combined African population in 1000 
Genomes Project data

Model prediction with pre-bottleneck 
population rapidly expanding to 1.4 
million prior to the bottleneck, so it is 
diverse and biased toward lower 
frequency alleles. Bottleneck 250,000 
years ago, with population doubling each 
generation until it reaches a final 
population size of 16,384
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Schaffner’s conclusion

• Allele frequency spectra are consistent with a 
bottleneck, but only one that happened over 
about 500,000 years ago.
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Figure 1. Chapter 1
Statistical Population Genomics. Humana, New York, NY, 2020.

Terhorst, Jonathan, and Yun S. Song. Fundamental limits on the accuracy of 
demographic inference based on the sample frequency spectrum. PNAS (2015)

“…for populations that have experienced roughly an order-of-magnitude 
increase in effective population size during their history, accurate 
estimation of demographic events that occurred before this expansion is 
difficult using SFS-based methods.” p.7680
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Recent evidence for complex 
population history of Africa

Durvasula, Arun, and Sriram Sankararaman. "Recovering 
signals of ghost archaic introgression in African 
populations." Science advances 6.7 (2020): eaax5097.

Scerri, E. M., Chikhi, L., & Thomas, M. G. (2019). Beyond 
multiregional and simple out-of-Africa models of human 
evolution. Nature ecology & evolution, 3(10), 1370-1372.
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(2) Time to the most recent four 
lineages

https://discourse.peacefulscience.org/t/heliocentric-certainty-against-a-bottleneck-of-two/61/15
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Individual 1

Individual 2

Individual 3

Individual 4

Individual 5

Individual 6 Recombination 
Block 1

Recombin-
ation Block 3

Recombination 
Block 2
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Recombination 
Block 1

Recombination 
Block 2

Recombination 
Block 3

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

Individual IndividualIndividual

TMR4A
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Rasmussen, M. D., Hubisz, M. J., Gronau, I., & Siepel, A. (2014). Genome-wide inference of 
ancestral recombination graphs. PLoS Genetics, 10(5).
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https://discourse.peacefulscience.org/t/heliocentric-certainty-against-a-bottleneck-of-two/61/15
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William Lane Craig, 10 May 2020
“Population genetics has been concerned only with the 
TMRCA, so that no studies of the TMR4A had been 
published prior to Swamidass’ work, requiring him to do 
his own original modeling in order to obtain a date. I’ll 
skip the fascinating details and cut to the 
chase. Swamidass determines a date of 495 ± 100 kya for 
the TMR4A. So there could have been a founding couple 
about 500 kya who were the sole genetic progenitors of 
mankind. On the basis of this work, Richard Buggs agreed 
that Swamidass, for the first time, had tested the 
hypothesis of an original human pair.”

– https://peacefulscience.org/wlc-genetic-challenge/
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Richard Buggs, 11 Feb 2018
“As you have said, this is just a first attempt at an estimate of TMR4A, 
and a more rigorous approach would be possible, but would be a lot of 
work. As we have also noted, the results could be affected by revisions 
in the estimation of recombination rates and mutation rates. It could 
also be that if the phylogenetic trees were built in a way which sought 
to maximise the number of mutations in the first four diverging 
lineages, different topologies might emerge (I’m not sure about this, 
but it would be interesting to examine the possibility). Unexpected 
factors that we have not accounted for as yet could also come into 
play, as happened in the Lenski experiment in a very different context. 
We can never be completely sure, as science is always progressing.
However, despite this, the big picture is that I am very much in 
agreement with you, and it is probably not profitable at this stage to 
continue to belabour criticisms of your analysis.”

– https://discourse.biologos.org/t/adam-eve-and-population-genetics-a-
reply-to-dr-richard-buggs-part-1/37039/592
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Hubisz, M., & Siepel, A. (2020). Inference of ancestral recombination graphs 
using ARGweaver. In Statistical Population Genomics (pp. 231-266). Humana, 
New York, NY.
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Scenarios to 
consider
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Genetic A&E scenarios to consider

• A bottleneck of two:
– over 500,000 years ago (500 kya)
– under 500kya with: 

• elevated mutation rates
• explosive recent population growth
• strong selection
• admixture from other lineages
• complex population substructure
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All models are 
wrong, but some 

are useful
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https://peacefulscience.org/wlc-genetic-challenge/
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Steve Schaffner Ann Gauger Joshua Swamidass

Dennis Venema Ola Hössjer
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Appendix

62

Time to the most recent four lineages -
HLA genes
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Humans Chimpanzees

67 68
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Conclusion re: HLA genes

• Ayala et al (1994) modelled a bottlneck that 
lasted too long

• They did not take convergent evolution into 
account: there is good evidence that this 
occurs a lot in HLA genes
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