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The basic coalescent distribution

A coalescence is the point of common ancestry between two lineages,
looking backwards in time

JFC Kingman worked out the expected behavior of this backwards view
of evolution in 1982

Looking backwards allows us to focus on lineages leading to our sample

Previous approaches required
consideration of the whole
population
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The basic coalescent distribution

We can’t observe time directly

If we observe mutations, time is confounded with mutation rate

We estimate the compound parameter Θ = 4Nµ

External data on time or mutation rate allow us to sort this out



Extensions of the coalescent

Population growth/shrinkage



Extensions of the coalescent

Population subdivision and migration between populations

Recombination



Extensions of the coalescent

Divergence from an ancestral population

Natural selection

A a



What good is this?

Knowledge of the coalescent allows:

Computing expected values of summary statistics

Simulating data efficiently

Maximum likelihood estimation of population parameters

My work focuses on the third.



Coalescent likelihood estimators

What is the probability of the data given the population parameters?

Prob(Data|Parameters) =∑
G Prob(Data|Genealogy)Prob(Genealogy|Parameters)
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Coalescent likelihood estimators

What is the probability of the data given the population parameters?

Prob(Data|Parameters) =∑
G Prob(Data|Genealogy)Prob(Genealogy|Parameters)

Prob(Data|Genealogy) is the “data likelihood”

– Well developed mutational models for DNA, microsatellites, etc.

Prob(Genealogy|Parameters) is Kingman’s coalescent

– Extended to migration, recombination, etc. by various researchers∑
G is troublesome

The number of possible genealogies for 27 individuals exceeds the number
of elementary particles in the universe.



Coalescent likelihood estimators

Responses to the frightful summation:

Give up and use summary statistics

Sample genealogies at random

– Does not work

Make a directed sample of “plausible” genealogies

– My lab is using this approach
– We have competitors at Oxford



Coalescent likelihood estimators

Our samplers walk across the “surface” of potential genealogies:
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How many whales were there pre-whaling?

Fin whale (Balaenoptera physalus)

Minke whale (Balaenoptera acutorostrata)

Humpback whale (Megaptera novaeangliea)



How many whales were there pre-whaling?

Joe Roman and Stephen R. Palumbi
Whales before whaling in the North Atlantic
Science 301: 508-510 (2003)

Data set: mtDNA control region sequences
Assumptions:

mtDNA neutral mutation rate 1.5x10−8 to 2.0x10−8 per bp per year

census population (N) 6 to 8 times genetic population (Ne)



Why would Ne be different from N?

Factors that can reduce Ne:

Some individuals are not of breeding age (overlapping generations)

Unequal numbers of male and females

Reproductive success is not “fair” (random)

– Dominant male may have more than his share of offspring
– Some individuals may be “helpers” rather than breeders

Population size fluctuates or cycles up and down

(Rare) factors that can increase Ne:

Reproductive success more fair than randomness



How many whales were there pre-whaling?

Species n Current size Historical est. Coalescent est.
(thousands) (thousands) (thousands)

Humpback 188 9.3-12.1 20 240 (156-401)
Fin 235 56.0 30-50 360 (249-481)
Minke 87 149.0 130 265 (176-415)



Potential sources of error

Incorrect calibrations:

Errors in molecular clock calibration or generation time estimates

– Would have to be huge to account for results





Potential sources of error

Erroneous assumptions about Ne/N

– Current assumptions are very conservative for a large mammal

A few hypermutable sites in mtDNA

– Removal of such sites reduces estimate about 33%



Potential sources of error

Violations of the demographic model:

Population subdivision

– Handled by use of Migrate to consider multiple populations

Unequal reproductive success

– Implies an even larger historical size

Recent population shrinkage

– Implies an even larger historical size



Conclusions

Perhaps whales were much more common we think

Why are whaling records discordant?

– Deliberate falsification?
– Whales struck but not landed omitted?
– Uneven population distribution?
– Whales already in decline?

If these numbers are correct, it is much too early to start whaling again
(target population 54% of historical one)



Ways this study could be extended

Multiple loci

Demographic model that takes into account recent shrinkage

Mutational model that takes into account hypervariable sites
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What is the genetic population size of red drum?

Red drum, Sciaenops ocellatus, are large fish found in the Gulf of Mexico.

Turner, Wares, and Gold
Genetic effective size is three orders of magnitude smaller than adult census
size in an abundant, estuarine-dependent marine fish
Genetics 162:1329-1339 (2002)



What is the genetic population size of red drum?

Census population size (N): 3,400,000

Genetic population size (Ne): ?

Data set:

8 microsatellite loci

7 populations

20 individuals per population



What is the genetic population size of red drum?

Three approaches:

1. Allele frequency fluctuation from year to year

Measures current population size
May be sensitive to short-term fluctuations

2. Coalescent estimate from Migrate

Measures long-term harmonic mean of population size
May reflect past bottlenecks or other long-term effects

3. Demographic models

Attempt to infer genetic size from census size
Vulnerable to errors in demographic model
Not well established for long-lived species with high reproductive
variability



What is the genetic population size of red drum?

Assumptions of the coalescent analysis:

Constant population size

Mutation rate 10−3 to 10−5

No selection



What is the genetic population size of red drum?

Estimates:

Census size (N): 3,400,000
Allele frequency method (Ne): 3,516 (1,785-18,148)
Coalescent method (Ne): 1,853 (317-7,226)

The demographic model can be made consistent with these only by assuming
that reproductive success is highly unfair, with most individuals never
reproducing at all and a small number having thousands of offspring each.



What is the genetic population size of red drum?

Allele frequency estimators measure current size

Coalescent estimators measure long-term size

Conclusion: population size and structure have been stable



What is the genetic population size of red drum?

Genetic population size at least 1000 times smaller than census

This result was highly surprising

Red drum has the genetic liabilities of a rare species

“Estuary lottery” may explain results



Where to go with this finding?

Check it experimentally–maternity testing of young fish?

Try to find reasons for the high reproductive variance

Be very careful of this species as it may be fragile

– Red drum were once commercially fished
– The population responded poorly and the fishery was closed
– Despite large numbers the species may be vulnerable
– Are there other species like this?
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Was there gene flow between Neandertals and modern
humans?

usthem



Neandertals and modern humans

Neandertals were widely distributed in Europe and Asia in late Pleistocene

Early modern human (EMH) fossils overlap with them

Did Neandertals contribute genes to EMH gene pool?



Neandertals and modern humans



Neandertals and modern humans

First Neandertal mtDNA sequenced in 1997

It falls outside the range of variation of modern humans

However, it could represent lineages that were shared by early modern
humans and subsequently lost

Sample size of one is not satisfying



Neandertals and modern humans

Fossils of EMH available

However, modern human DNA is ubiquitous in digs and labs

If modern sequences found in EMH fossils, this could be contamination

(Modern sequences were found in all Neandertal fossils too)



Neandertals and modern humans

Serre et al. (2004):

– Examined 24 Neandertal and 40 EMH fossils
– 4 Neandertals and 5 EMH were well-preserved enough for sequencing
– This brought total Neandertal sequences to 8

Results for usable fossils:

– Every Neandertal fossil contained Neandertal-like sequences
– No EMH fossil contained Neandertal-like sequences

They concluded that the two gene pools were probably separate

Low gene flow cannot be excluded



Neandertals and modern humans



Neandertals and modern humans

Neandertal diversity similar to modern human diversity

Great apes are much more diverse within each species

This suggests a bottleneck in human ancestry

Neandertal data suggests bottleneck was prior to common ancestor



Neandertals and modern humans



Neandertals and modern humans

There is no positive evidence of Neandertal contribution

Small contributions cannot be excluded

Boundaries of “small” depend on population histories


