
How do genes get distributedHow do genes get distributed
across the species?across the species?

They sort out by populationsThey sort out by populations

•• What is a population?What is a population?

–– A population is a subdivision of a speciesA population is a subdivision of a species

–– A population is a local community ofA population is a local community of
individuals where mates are usually foundindividuals where mates are usually found

–– A population shares a common gene poolA population shares a common gene pool

–– A population has continuity through timeA population has continuity through time

PopulationPopulation ≠≠ RaceRace

Populations within a speciesPopulations within a species

Species boundary:Species boundary:
ReproductiveReproductive
IsolationIsolation

PopulationPopulation PopulationPopulation
BoundaryBoundary

IndividualIndividual

Garn (1971) on populationGarn (1971) on population

In contrast to geographical races which areIn contrast to geographical races which are
geographically delimited population collections,geographically delimited population collections,

local raceslocal races correspond more nearly to thecorrespond more nearly to the
breeding populations themselves. Whetherbreeding populations themselves. Whether
isolated by distance, by geographical barriers orisolated by distance, by geographical barriers or
by social prohibitions, local races are totally orby social prohibitions, local races are totally or

largely endogamous, and the very small amountlargely endogamous, and the very small amount
of geneof gene--flow ordinarily comes from contiguousflow ordinarily comes from contiguous
and related local races.and related local races.

Local Races or populationsLocal Races or populations
(Garn 1971)(Garn 1971)

1.1. Northwest EuropeanNorthwest European
2.2. Northeast EuropeanNortheast European
3.3. AlpineAlpine
4.4. MediterraneanMediterranean
5.5. IranianIranian

6.6. East AfricanEast African
7.7. SudaneseSudanese
8.8. Forest NegroForest Negro

9.9. Bantu (properly a languageBantu (properly a language
group)group)

10.10. TurkicTurkic
11.11. TibetanTibetan

12.12. North ChineseNorth Chinese
13.13. Extreme MongoloidExtreme Mongoloid

14.14. Southeast AsiaticSoutheast Asiatic
15.15. HinduHindu
16.16. DravidianDravidian

17.17.North AmericanNorth American
18.18.Central AmericanCentral American

18a.18a. CaribbeanCaribbean

19.19.South AmericanSouth American
20.20.FuegianFuegian

21.21.LappLapp
22.22.Pacific "Negrito"Pacific "Negrito"

23.23.African PygmyAfrican Pygmy
24.24.EskimoEskimo
25.25.AinuAinu

26.26.Murrayian AustralianMurrayian Australian
27.27.Carpenterian AustralianCarpenterian Australian
28.28.Bushmen and HottentotsBushmen and Hottentots
29.29.North American ColoredNorth American Colored
30.30.South African ColoredSouth African Colored

31.31.LadinoLadino
32.32.NeoNeo--HawaiianHawaiian

How do we know if people belongHow do we know if people belong
to the same population?to the same population?

•• They need geographical proximityThey need geographical proximity

–– Must be able to meet to mate!Must be able to meet to mate!

•• Share a common languageShare a common language

–– Communicate with one anotherCommunicate with one another

•• Share ethnicity, culture, religionShare ethnicity, culture, religion

–– More likely to mate if sharing history andMore likely to mate if sharing history and

valuesvalues

Estimated ~7,000 human populations in the
world at the start of the 21st Century



Where do we find our mates?Where do we find our mates?

•• Until recently most people stayed in the placeUntil recently most people stayed in the place
they were born and married someone fromthey were born and married someone from

nearbynearby

•• The last half of the 20th century wasThe last half of the 20th century was
characterized by the breakups of localcharacterized by the breakups of local
population isolatespopulation isolates

•• This major change in breeding pattern hasThis major change in breeding pattern has

resulted in increased genetic heterogeneityresulted in increased genetic heterogeneity

Distribution of Genes inDistribution of Genes in
PopulationsPopulations

•• Mating patternsMating patterns

–– Any nonAny non--random mating will produce eitherrandom mating will produce either
increases or decreases in Homozygosityincreases or decreases in Homozygosity

–– Assortative MatingAssortative Mating

•• Mating at greater than random frequenciesMating at greater than random frequencies
between individual with like (Positive) or unlikebetween individual with like (Positive) or unlike
(Negative) genotypes(Negative) genotypes

–– InbreedingInbreeding

•• Mating at greater than random frequenciesMating at greater than random frequencies
between biologically related individualsbetween biologically related individuals

Positive Assortative MatingPositive Assortative Mating
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•• As with most mammals, humans tend toAs with most mammals, humans tend to
mate with like individuals, particularly formate with like individuals, particularly for
visible or noticeable traitsvisible or noticeable traits

Negative Assortative MatingNegative Assortative Mating

•• Negative assortative mating is rare inNegative assortative mating is rare in
mammalsmammals
–– Rodents have a preference for mates withRodents have a preference for mates with

dissimilar HLA haplotypesdissimilar HLA haplotypes
•• Variability in HLA haplotypes maximizes potentialVariability in HLA haplotypes maximizes potential

immune system responseimmune system response

•• Mice detect HLA by smell of urineMice detect HLA by smell of urine

–– Finding confirmed for humans amongFinding confirmed for humans among
HutteritesHutterites
•• Humans may detect this through the smell ofHumans may detect this through the smell of

sweat on the bodysweat on the body
–– Mating odor preferences may be HLAMating odor preferences may be HLA--linked in humanlinked in human

InbreedingInbreeding

•• Incest taboosIncest taboos prohibit matingprohibit mating
between closely related individuals,between closely related individuals,
making inbreeding less common thanmaking inbreeding less common than
randomrandom
–– Increases heterozygosityIncreases heterozygosity

•• Cousin marriage preferences,Cousin marriage preferences,
make inbreeding more common thanmake inbreeding more common than
randomrandom
–– Increases homozygosityIncreases homozygosity

–– Polygamy and fumarase deficiencyPolygamy and fumarase deficiency

Distribution of Genes inDistribution of Genes in
PopulationsPopulations

•• MutationMutation is the source of all new geneticis the source of all new genetic
variationvariation

•• MigrationMigration affects genetic structure byaffects genetic structure by
mating between members of differentmating between members of different
populationspopulations

•• Genetic driftGenetic drift is change in geneis change in gene
frequencies based on random events infrequencies based on random events in
finite populationsfinite populations

•• Natural selectionNatural selection occurs in response tooccurs in response to
environmental stressorsenvironmental stressors



MutationMutation

•• Mutation is a rare event, so it has smallMutation is a rare event, so it has small
quantitative effects but potentially largequantitative effects but potentially large
qualitative effectsqualitative effects
–– Estimate of the average human genomeEstimate of the average human genome

mutation rate is ~2.5 x 10mutation rate is ~2.5 x 10--8 mutations per8 mutations per
nucleotide per generation (25 mutations pernucleotide per generation (25 mutations per
billion nucleotides per generation)billion nucleotides per generation)

•• However, even small changes to theHowever, even small changes to the
sequence of nucleotides in the DNA cansequence of nucleotides in the DNA can
have significant repercussions in terms ofhave significant repercussions in terms of
protein structure and functionprotein structure and function

Sickle Cell AnemiaSickle Cell Anemia

•• Sickle cell anemia is a severe geneticSickle cell anemia is a severe genetic
condition caused by acondition caused by a pointpoint mutation:mutation:
the change in one nucleotide within thethe change in one nucleotide within the
sequence of 438 bases coding for thesequence of 438 bases coding for the
hemoglobin beta chainhemoglobin beta chain

•• The transversion mutation in the 17thThe transversion mutation in the 17th
nucleotide from a Thymine base to annucleotide from a Thymine base to an
Adenine base causes a shift in the 6thAdenine base causes a shift in the 6th
amino acid from glutamic acid to valineamino acid from glutamic acid to valine

Sickle Cell AnemiaSickle Cell Anemia

•• The change of one amino acid results inThe change of one amino acid results in
hemoglobin that has a tendency to clumphemoglobin that has a tendency to clump
together and destroy Red Blood Cellstogether and destroy Red Blood Cells

•• This produces a lifeThis produces a life--threatening diseasethreatening disease
that has only come under good control bythat has only come under good control by
modern medicine in the last severalmodern medicine in the last several
decadesdecades

PointPoint
MutationMutation

Migration or gene flowMigration or gene flow

•• Gene Flow, the intermarriage or mixingGene Flow, the intermarriage or mixing
between populations, has the effect ofbetween populations, has the effect of
altering allele and genotype frequencies soaltering allele and genotype frequencies so
that the two (or more) populationsthat the two (or more) populations
involved come to resemble each other ininvolved come to resemble each other in
terms of genetic frequenciesterms of genetic frequencies

Admixture in African AmericansAdmixture in African Americans
•• Admixture has resulted in significant genetic changes inAdmixture has resulted in significant genetic changes in

the African American populationthe African American population

•• The Duffy blood group allele, FyThe Duffy blood group allele, Fyaa, was absent in, was absent in
enslaved Africans brought to the USenslaved Africans brought to the US
–– In West Africa the allele is close to 0%In West Africa the allele is close to 0%

–– The allele frequency is about 40% in US WhitesThe allele frequency is about 40% in US Whites

•• Based on this, the % of white admixture in the AfricanBased on this, the % of white admixture in the African
American population has been estimated:American population has been estimated:



SelectionSelection

•• Selection causes changes in allele andSelection causes changes in allele and
genotype frequencies from one generationgenotype frequencies from one generation
to the next due to differential netto the next due to differential net
reproductive success of individuals withreproductive success of individuals with
different genotypesdifferent genotypes

–– If individuals with genotype AA consistentlyIf individuals with genotype AA consistently
have twice as many offspring as individualshave twice as many offspring as individuals

with AB and BB genotypes, the frequency ofwith AB and BB genotypes, the frequency of
the A allele will increase and eventually,the A allele will increase and eventually,
everyone will have the AA genotypeeveryone will have the AA genotype

SelectionSelection

•• There are two elements contributing toThere are two elements contributing to
the differential reproductive success ofthe differential reproductive success of
individuals with differing genotypesindividuals with differing genotypes

–– Viability or survival: individuals must surviveViability or survival: individuals must survive
to maturity in order to be able to reproduceto maturity in order to be able to reproduce

–– Fertility: individuals must produce offspring inFertility: individuals must produce offspring in
order to pass on their genesorder to pass on their genes

•• The genotype producing the mostThe genotype producing the most
offspring on average is the most fitoffspring on average is the most fit

Natural SelectionNatural Selection

•• Natural selection is a twoNatural selection is a two--step processstep process
–– Production of variation (mutation)Production of variation (mutation)

–– Differential reproduction of favorable variantsDifferential reproduction of favorable variants
(selection)(selection)
•• Fitness is a measure of relative reproductiveFitness is a measure of relative reproductive

successsuccess
–– Fitness = 1 means no selectionFitness = 1 means no selection

–– Fitness < 1 means allele selected againstFitness < 1 means allele selected against——shouldshould
disappear from the populationdisappear from the population

–– Fitness > 1 means the allele is favored by selectionFitness > 1 means the allele is favored by selection——
should go to fixation (exclusion of other alleles from theshould go to fixation (exclusion of other alleles from the
population)population)

Selection on a Recessive Allele
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R.A. Fisher. The distribution of gene ratios for rare mutations (1930)

• If a mutant has a selective advantage of 0.01, there is 78%
chance for it to be lost in the first seven generations
• And a 2% chance of spreading to the entire population

• Most beneficial mutations do not fix in the population!

The fate of a mutant in an infinite populationThe fate of a mutant in an infinite population

Why do beneficial genes disappear?Why do beneficial genes disappear?

•• Genetic DriftGenetic Drift

–– A finite population size is subject toA finite population size is subject to
chance or random influences on genechance or random influences on gene
frequencies from one generation to thefrequencies from one generation to the
nextnext

••Smaller the population, the larger the effectSmaller the population, the larger the effect

–– Founder effect is a small sample of aFounder effect is a small sample of a
larger population that becomes alarger population that becomes a
founder of a new populationfounder of a new population



Genetic Drift and Human Evolution

•• Until recently, most humansUntil recently, most humans
lived in small, geneticallylived in small, genetically
isolated hunterisolated hunter--gather groupsgather groups
of perhaps 20of perhaps 20--30 people30 people

•• Gene frequencies in groups ofGene frequencies in groups of
this size are highly susceptiblethis size are highly susceptible
to the effects of genetic driftto the effects of genetic drift

•• As a result, much of theAs a result, much of the
genetic variation in moderngenetic variation in modern
human populations may be ahuman populations may be a
result of random processesresult of random processes
such as genetic drift andsuch as genetic drift and
natural selectionnatural selection

•• Two fixations outTwo fixations out
of 200 trialsof 200 trials

–– 1% chance of a1% chance of a
““neutralneutral””
mutationmutation
becoming fixed inbecoming fixed in

a population ofa population of
100!100!

–– 99% chance of99% chance of
lossloss

Bottleneck EffectBottleneck Effect

•• This is a genetic samplingThis is a genetic sampling
error that occurs when aerror that occurs when a
catastrophic event reducescatastrophic event reduces
the size of a population to athe size of a population to a
few individualsfew individuals

•• The small number ofThe small number of
survivors will almostsurvivors will almost
certainly differ geneticallycertainly differ genetically
from the ancestralfrom the ancestral
population (e.g. rare allelespopulation (e.g. rare alleles
will be lost)will be lost)

•• The survivors will give riseThe survivors will give rise
to a new population thatto a new population that
differs genetically from thediffers genetically from the
one that existed before theone that existed before the
catastrophecatastrophe
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Founder EffectFounder Effect

•• The genetic difference between the gene pool ofThe genetic difference between the gene pool of
a population and that of a newly isolateda population and that of a newly isolated

subpopulation from the same groupsubpopulation from the same group

–– When a small number of individuals form a newWhen a small number of individuals form a new
population they have a random sample of the genespopulation they have a random sample of the genes
of the larger population they are derived fromof the larger population they are derived from

•• Allele presence and frequencies may vary significantly fromAllele presence and frequencies may vary significantly from
the parent populationthe parent population

•• As the size of the founding population increases,As the size of the founding population increases,
the magnitude of the founder effect decreasesthe magnitude of the founder effect decreases

–– A recent estimate of the founding population ofA recent estimate of the founding population of
Native Americans was ~80 individuals!Native Americans was ~80 individuals!

Founder EffectFounder Effect

•• The founder effectThe founder effect
can be seen incan be seen in
geographicallygeographically
isolatedisolated
populations as wellpopulations as well
as in sociallyas in socially
isolated religiousisolated religious
groups such as thegroups such as the
Amish and DunkersAmish and Dunkers



ConclusionsConclusions

•• Genes are distributed in populationsGenes are distributed in populations

•• Populations differ from one another in thePopulations differ from one another in the
frequencies of different allelesfrequencies of different alleles

•• The ultimate source of new genetic variation isThe ultimate source of new genetic variation is
mutationmutation

•• Gene flow makes population resemble oneGene flow makes population resemble one
anotheranother

•• Genetic drift and natural selection reduceGenetic drift and natural selection reduce
variation in specific waysvariation in specific ways
–– Genetic drift is not related to environment, naturalGenetic drift is not related to environment, natural

selection isselection is


