
Biology or Genes?Biology or Genes?

• Biological variation
– Genetics

• This is what we think of when we say biological 
differences

– Race implies genetics

– Physiology
• Not all physiological variation is genetically 

mediated
– Tanning, Sweating, etc.

– Development
• Much difference in brain function is based on 

neuronal connections that are environmentally 
mediated, especially up to 3 years of age

How about the genes?How about the genes?

•• IndividualIndividual
–– DNA sequence informationDNA sequence information

•• About 3 billion nucleotides About 3 billion nucleotides 

•• Determines protein structure, timing and Determines protein structure, timing and 
magnitude of protein synthesismagnitude of protein synthesis

•• PopulationPopulation
–– Gene frequencies influenced by mating Gene frequencies influenced by mating 

patterns, mutation, migration, random factors patterns, mutation, migration, random factors 
(genetic drift, founders effect), and natural (genetic drift, founders effect), and natural 
selectionselection

DNA StructureDNA Structure
•• Ladder or latticeLadder or lattice--like molecule like molecule 

composed of smaller building blocks: composed of smaller building blocks: 
NucleotidesNucleotides

•• Nucleotides are composed of three Nucleotides are composed of three 
subunits:subunits:
–– Sugar (Sugar (deoxyribosedeoxyribose for DNA)for DNA)
–– PhosphatePhosphate
–– Nitrogenous baseNitrogenous base----the key to the the key to the 

functioning of DNAfunctioning of DNA
•• PurinesPurines (2 N/C rings): Adenine, Guanine(2 N/C rings): Adenine, Guanine
•• PyrimidinesPyrimidines (1 N/C ring): Thymine, Cytosine(1 N/C ring): Thymine, Cytosine

DNADNA

•• The sides of the DNA The sides of the DNA ““ladderladder”” are are 
composed of bonded sugar and composed of bonded sugar and 
phosphate,  the phosphate,  the ““rungsrungs”” are based on are based on 
hydrogen bonds between complementary hydrogen bonds between complementary 
nitrogenous basesnitrogenous bases

•• The key to DNA function is the The key to DNA function is the 
complementaritycomplementarity of the bases:  Adenine of the bases:  Adenine 
bonds only with Thymine and Guanine bonds only with Thymine and Guanine 
only with Cytosine.only with Cytosine.

DNA StructureDNA Structure ProteinsProteins

•• Life functions are regulated by Life functions are regulated by 
proteins:proteins:
–– Structural proteinsStructural proteins like the muscle cell like the muscle cell 

building block, myosinbuilding block, myosin

–– Regulating proteinsRegulating proteins, including , including 
enzymes and hormones, like the enzymes and hormones, like the 
enzyme that breaks down starch enzyme that breaks down starch 
molecules, salivary amylasemolecules, salivary amylase

–– Transporter proteinsTransporter proteins like the oxygen like the oxygen 
transporter, hemoglobin transporter, hemoglobin 



Protein Structure and FunctionProtein Structure and Function

•• Function of different proteins is based on Function of different proteins is based on 
structurestructure

•• Structure determined by the number and Structure determined by the number and 
type of building blocks, called Amino Acidstype of building blocks, called Amino Acids

•• Amino acids are assembled into chains Amino acids are assembled into chains 
called polypeptidescalled polypeptides

•• A functional protein may include several A functional protein may include several 
polypeptidespolypeptides

Protein SynthesisProtein Synthesis
•• Sequence of amino acids is Sequence of amino acids is 

determined by sequence of bases in determined by sequence of bases in 
the DNA unit (or gene) the DNA unit (or gene) 

•• Protein synthesis is a twoProtein synthesis is a two--step step 
process:process:
–– TranscriptionTranscription: copying the DNA to : copying the DNA to 

mRNAmRNA

–– TranslationTranslation: using mRNA to assemble : using mRNA to assemble 
the polypeptide with the polypeptide with tRNAtRNA carrying carrying 
amino acidsamino acids

DNA to RNA DNA to RNA 
TranscriptionTranscription

TranslationTranslation

Gene Gene 
RegulationRegulation

• Humans and 
chimps share 
~98% of their 
genes, but the 
regulation of 
those genes is 
what makes for 
the physical 
differences

How does this work in Humans?How does this work in Humans?

•• The Hemoglobin molecule is a complex The Hemoglobin molecule is a complex 
protein structure that carries oxygen and protein structure that carries oxygen and 
carbon dioxide through the blood streamcarbon dioxide through the blood stream
–– It consists of four polypeptides: 2 alpha and 2 It consists of four polypeptides: 2 alpha and 2 

beta chainsbeta chains

–– Each of these polypeptides has a separate Each of these polypeptides has a separate 
section of  DNA carrying the code for the section of  DNA carrying the code for the 
appropriate sequence of amino acidsappropriate sequence of amino acids



Hemoglobin StructureHemoglobin Structure HemoglobinHemoglobin

•• Each alpha chain consists of 141 Each alpha chain consists of 141 
Amino Acids, requiring a sequence of Amino Acids, requiring a sequence of 
423 nucleotides in the DNA of the 16423 nucleotides in the DNA of the 16thth

ChromosomeChromosome

•• Each beta chain consists of 146 Each beta chain consists of 146 
Amino Acids, requiring a sequence of Amino Acids, requiring a sequence of 
438 nucleotides in the DNA of the 11438 nucleotides in the DNA of the 11thth

ChromosomeChromosome

Hemoglobin GenesHemoglobin Genes

Chromosome 16

Chromosome 11

* *

* *

*Introns

Hemoglobin LociHemoglobin Loci

ChromosomesChromosomes

•• Chromosomes are the complex DNA and Chromosomes are the complex DNA and 
Protein units that carry the genetic code in Protein units that carry the genetic code in 
all cells with nucleiall cells with nuclei

•• In sexuallyIn sexually--reproducing organisms, reproducing organisms, 
chromosomes come in homologous pairschromosomes come in homologous pairs
–– Each member of the pair contains information Each member of the pair contains information 

on how to build the same protein productson how to build the same protein products

–– One member of each pair comes from the One member of each pair comes from the 
mother and one comes from the fathermother and one comes from the father

Chromosome StructureChromosome Structure



Human GenomeHuman Genome

•• Humans have 23 pairs of chromosomesHumans have 23 pairs of chromosomes
–– 22 pairs of 22 pairs of autosomalautosomal chromosomeschromosomes

affecting almost all aspects of the affecting almost all aspects of the 
individual other than sexindividual other than sex

–– 1 set of 1 set of sex chromosomessex chromosomes
•• A pair of X chromosomes for FemalesA pair of X chromosomes for Females

•• One X and one Y chromosome for MalesOne X and one Y chromosome for Males

•• Approximately 25,000 genetic loci on Approximately 25,000 genetic loci on 
the 23 pairs of chromosomesthe 23 pairs of chromosomes

LocusLocus

•• The position of a gene on an homologous The position of a gene on an homologous 
chromosome pair is known as a chromosome pair is known as a LocusLocus
–– The locus of the The locus of the betaglobinbetaglobin gene for the gene for the 

Hemoglobin molecule is near the tip of the Hemoglobin molecule is near the tip of the 
short arm of chromosome number 11short arm of chromosome number 11

–– The locus of the The locus of the alphaglobinalphaglobin gene is near the gene is near the 
centromere (pinching near the middle of the centromere (pinching near the middle of the 
chromosome) on the short arm of chromosome) on the short arm of 
chromosome number 16chromosome number 16

GlobinGlobin LociLoci AllelesAlleles

•• Many genes have different formsMany genes have different forms
•• The ABO blood group has three allelesThe ABO blood group has three alleles

–– Each allele causes a different substance to be Each allele causes a different substance to be 
attached to the outer wall of red blood cellsattached to the outer wall of red blood cells

–– A, B, O molecules differ slightly in structureA, B, O molecules differ slightly in structure

•• These variants of a particular gene are These variants of a particular gene are 
called called AllelesAlleles

•• A A polymorphismpolymorphism (literally many forms) is (literally many forms) is 
a genetic locus with two or more alleles a genetic locus with two or more alleles 
that occur in appreciable (>1%) frequency that occur in appreciable (>1%) frequency 
in a given populationin a given population

Genotype vs. PhenotypeGenotype vs. Phenotype

•• GenotypeGenotype is the genetic makeup of an is the genetic makeup of an 
individualindividual
–– Usually refers to what pair of alleles an Usually refers to what pair of alleles an 

individual has at a specific locus on a individual has at a specific locus on a 
given chromosome pairgiven chromosome pair

•• At the ABO locus (9At the ABO locus (9thth Chromosome), an Chromosome), an 
A allele from the mother and an O allele A allele from the mother and an O allele 
from the father = genotype AOfrom the father = genotype AO
–– There are 6 possible genotypes based on There are 6 possible genotypes based on 

the three ABO allelesthe three ABO alleles
•• AA, AO, BB, BO, AB, OOAA, AO, BB, BO, AB, OO

Genotype vs. PhenotypeGenotype vs. Phenotype

•• PhenotypePhenotype is the observable is the observable 
expression of the genotypeexpression of the genotype
–– The phenotype for the AO genotype The phenotype for the AO genotype 

would be Blood Type Awould be Blood Type A
•• There are 4 possible phenotypes for ABOThere are 4 possible phenotypes for ABO

–– Blood Type A (AA, AO), Blood Type B (BB, Blood Type A (AA, AO), Blood Type B (BB, 
BO), Blood Type AB, Blood Type O (OO)BO), Blood Type AB, Blood Type O (OO)

•• Distinction made more sense before Distinction made more sense before 
DNA sequencing was possibleDNA sequencing was possible



HomozygousHomozygous

•• If an individual has two of the same If an individual has two of the same 
alleles at a particular locus, he is said to alleles at a particular locus, he is said to 
be be homozygous homozygous (or is a (or is a homozygotehomozygote))
–– A person is homozygous if he inherits a A person is homozygous if he inherits a 

Hemoglobin S allele from both his mother Hemoglobin S allele from both his mother 
and fatherand father

–– Genotype:  Genotype:  HbHbSS/ / HbHbSS or SSor SS

–– Phenotype:  Sickle Cell AnemiaPhenotype:  Sickle Cell Anemia

HeterozygousHeterozygous

•• If an individual has two different alleles at If an individual has two different alleles at 
a particular locus, he is said to be a particular locus, he is said to be 
heterozygousheterozygous (or is a (or is a heterozygoteheterozygote))
–– A person is heterozygous if he inherits a A person is heterozygous if he inherits a 

Hemoglobin S allele from his mother and a Hemoglobin S allele from his mother and a 
Hemoglobin A allele from his fatherHemoglobin A allele from his father

–– Genotype:  Genotype:  HbHbSS/ / HbHbAA or SAor SA

–– Phenotype:  Sickle Cell Trait (Carrier)Phenotype:  Sickle Cell Trait (Carrier)

•• We use heterozygosity as an indicator of We use heterozygosity as an indicator of 
population structure (more later)population structure (more later)

Dominant and RecessiveDominant and Recessive

•• Alleles are said to be dominant or Alleles are said to be dominant or 
recessive depending upon whether they recessive depending upon whether they 
are expressed (are expressed (dominantdominant) or hidden ) or hidden 
((recessiverecessive) in heterozygotes) in heterozygotes
–– In the ABO system, A and B alleles are In the ABO system, A and B alleles are 

dominant over O, and dominant over O, and coco--dominantdominant with each with each 
other (Blood type AB)other (Blood type AB)

–– O is recessive to both A and BO is recessive to both A and B

Predicting Offspring TypesPredicting Offspring Types

GAMETES
Father

A
Father

O

Mother
A AA AO

Mother
O AO OO

Blood Type A
3 out of 4 = 75%

Blood Type O
1 out of 4=25%

Y-chromosome along 
with other chromosomes 
found here

mtDNA 
found 
here

Y ChromosomeY Chromosome

•• The presence of a YThe presence of a Y--Chromosome causes Chromosome causes 
malenessmaleness
–– This little chromosome, about 2% of a father's This little chromosome, about 2% of a father's 

genetic contribution to his sons, programs the genetic contribution to his sons, programs the 
early embryo to develop as a maleearly embryo to develop as a male

–– It is transmitted from fathers only to their sonsIt is transmitted from fathers only to their sons
–– Most of the YMost of the Y--Chromosome is inherited as an Chromosome is inherited as an 

integral unit passed without alteration from father integral unit passed without alteration from father 
to sons, and to their sons, and so on, unaffected to sons, and to their sons, and so on, unaffected 
by exchange or any other influence of the Xby exchange or any other influence of the X--
Chromosome that came from the motherChromosome that came from the mother

•• It is the only nuclear chromosome that escapes the It is the only nuclear chromosome that escapes the 
continual reshuffling of parental genes during the continual reshuffling of parental genes during the 
process of sex cell production.process of sex cell production.



Y ChromosomeY Chromosome

This is the This is the hypervariablehypervariable region that provides region that provides 
the best data for tracking male line geneticsthe best data for tracking male line genetics

Y Chromosome inheritanceY Chromosome inheritance
Blue dots denote men who could participate in a YBlue dots denote men who could participate in a Y--

chromosome inheritance analysischromosome inheritance analysis

The The ““otherother”” DNADNA

•• Mitochondrial DNA is inherited Mitochondrial DNA is inherited ONLYONLY in the in the 
maternal linematernal line
–– All mitochondrial DNA in any human came from that All mitochondrial DNA in any human came from that 

individual's motherindividual's mother
–– It is not altered by sexual reproductionIt is not altered by sexual reproduction
–– Changes come only from mutations during cell Changes come only from mutations during cell 

divisiondivision
–– Mutations that occur in the control region tend not to Mutations that occur in the control region tend not to 

be repaired, since that region does not code for any be repaired, since that region does not code for any 
specific productspecific product

–– Only mutations that occur in female Only mutations that occur in female germlinegermline cells cells 
(those that become eggs) are passed on to offspring (those that become eggs) are passed on to offspring 

•• Mitochondrial DNA is circularMitochondrial DNA is circular

37 genes 37 genes 
mostly mostly 

involved in involved in 
ATP ATP 

productionproduction

Mitochondrial inheritanceMitochondrial inheritance
SNPsSNPs

Pronounced Pronounced ““snipssnips””

•• Single Nucleotide PolymorphismSingle Nucleotide Polymorphism
–– ~1/1,300 (<0.1%) of the nucleotides differ ~1/1,300 (<0.1%) of the nucleotides differ 

between any two peoplebetween any two people
–– example:example:

JohnJohn TTGACGTCATTGACGTCAGGTGCCGTGACTGCCGTGAC

DaveDave TTGACGTCATTGACGTCACCTGCCGTGACTGCCGTGAC

–– Contrast to chimpanzee:  1.4% of aligned Contrast to chimpanzee:  1.4% of aligned 
bases are different (plus ~3% insertions and bases are different (plus ~3% insertions and 
deletions of varying sizes)deletions of varying sizes)



SNPsSNPs

• Stable snips are relatively rare 

• So infrequent they have occurred at a 
particular position in the genome only 
once in the course of human 
evolution

• Stable snips have been termed 
"uunique eevent ppolymorphisms" 
(UEPUEPs)

STRsSTRs

•• Short Tandem Repeats (Short Tandem Repeats (STRsSTRs) or ) or 
Microsatellites are repeats of 2 to 6 bases Microsatellites are repeats of 2 to 6 bases 
(e.g., (e.g., acgacg//acgacg//acgacg//acgacg//acgacg//acgacg……))

–– STRsSTRs are commonly used for forensic workare commonly used for forensic work

–– The number of repeats is counted and that The number of repeats is counted and that 
number is the raw data for comparisonsnumber is the raw data for comparisons

–– The specific number of repeats in a particular The specific number of repeats in a particular 
variant (or allele) usually remains unchanged variant (or allele) usually remains unchanged 
from generation to generation but changes do from generation to generation but changes do 
sometimes occur and the number of repeats sometimes occur and the number of repeats 
may increase or decreasemay increase or decrease

STRsSTRs

•• Changes in microsatellite count occur Changes in microsatellite count occur 
much more frequently than new much more frequently than new UEPsUEPs
arisearise
–– A UEP has arisen only once in humans,  the A UEP has arisen only once in humans,  the 

number of repeat units in an STR may have number of repeat units in an STR may have 
changed many times along a paternal lineagechanged many times along a paternal lineage

•• STRsSTRs can facilitate the estimation of can facilitate the estimation of 
population divergence timespopulation divergence times
–– Which can then be compared with estimated Which can then be compared with estimated 

mutational ages of the mutational ages of the UEPsUEPs
–– The combination of these two kinds of data The combination of these two kinds of data 

offers a powerful tool with which to assess offers a powerful tool with which to assess 
patterns of migration, admixture, and ancestrypatterns of migration, admixture, and ancestry

MinisatellitesMinisatellites

•• Minisatellites have a repeating motif Minisatellites have a repeating motif 
of between 8 and 100 bases of between 8 and 100 bases (e.g., (e.g., 
acgcattagtacgcattagt//acgcattagtacgcattagt……))

–– These motifs are long enough that there These motifs are long enough that there 
tends to be variation in the sequencestends to be variation in the sequences

–– For comparison purposes need to count For comparison purposes need to count 
repeats and enumerate major motif repeats and enumerate major motif 
variationsvariations

–– Changes take place more frequently in Changes take place more frequently in 
minisatellites than in minisatellites than in STRsSTRs

The YThe Y--Chromosome Chromosome 
Evolutionary ClockEvolutionary Clock

• UEPs are the hour hand

• STRs are the minute hand

• Minisatellites are the sweep 
second hand

Types of MutationsTypes of Mutations



How do genes get How do genes get 
distributed across the distributed across the 

species?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 of A population is a local community of 
individuals where mates are usually foundindividuals where mates are usually found
•• The likelihood of finding a mate within the The likelihood of finding a mate within the 

population is much greater than finding a mate in population is much greater than finding a mate in 
another populationanother population

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

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

Population Population ≠≠ RaceRace

Populations within a speciesPopulations within a species

Species boundarySpecies boundary

PopulationPopulation PopulationPopulation
BoundaryBoundary

IndividualIndividual

Frequencies
Phenotype Frequencies
Genotype Frequencies
Allele or Gene Frequencies

How do we know if people belong How 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 and More likely to mate if sharing history and 

valuesvalues

Estimated millions of 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 place Until recently most people stayed in the place 
they were born and married someone from they were born and married someone from 
nearbynearby

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

•• This major change in breeding pattern has This major change in breeding pattern has 
resulted in increased genetic heterogeneityresulted in increased genetic heterogeneity

Mating PatternsMating Patterns

• Any non-random mating produces 
changes in genotype distribution

• Assortative Mating
– Mating at greater than random frequencies 

between individual with like (Positive) or 
unlike (Negative) genotypes

• Positive Assortative Mating (skin color, height, etc.)  
increases homozygotes

• Negative Assortative Mating (immune system) 
increases heterozygotes



Mating PatternsMating Patterns

• Inbreeding is mating at greater than 
random frequencies between biologically 
related individuals
– Incest taboos prohibit mating between closely 

related individuals, making inbreeding less 
common than random

• Increases heterozygosity

– Cousin marriage preferences,  make 
inbreeding more common than random

• Increases homozygosity (Polygamy and fumarase 
deficiency)

Evolution of Genes in PopulationsEvolution of Genes in Populations

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

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

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

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

MutationMutation

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

mutation rate is ~2.5 x 10mutation rate is ~2.5 x 10--88 mutations per mutations per 
nucleotide per generation (25 mutations per nucleotide per generation (25 mutations per 
billion nucleotides per generation)billion nucleotides per generation)

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

Sickle Cell AnemiaSickle Cell Anemia

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

•• The transversion mutation in the 17th The transversion mutation in the 17th 
nucleotide from a Thymine base to an nucleotide from a Thymine base to an 
Adenine base causes a shift in the 6th Adenine 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 in The change of one amino acid results in 
hemoglobin that has a tendency to clump hemoglobin 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 disease threatening disease 
that has only come under good control by that has only come under good control by 
modern medicine in the last several modern medicine in the last several 
decadesdecades

Point Point 
MutationMutation



Migration or gene flowMigration or gene flow

•• Gene Flow, the intermarriage or mixing Gene Flow, the intermarriage or mixing 
between populations, has the effect of between populations, has the effect of 
altering allele and genotype frequencies altering allele and genotype frequencies 
so that the two (or more) populations so that the two (or more) populations 
involved come to resemble each other in involved come to resemble each other in 
terms of genetic frequenciesterms of genetic frequencies
–– Also known as admixtureAlso known as admixture

Gene FlowGene Flow
PopulationPopulation
BoundariesBoundaries

IndividualIndividual
Mating between members of Mating between members of 

different populationsdifferent populations

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

African AmericansAfrican Americans
•• The Duffy blood group allele, The Duffy blood group allele, FyFyaa, 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 Whites The allele frequency is about 40% in US Whites 

•• Based on this, the % of white admixture in the African Based 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 and Selection causes changes in allele and 
genotype frequencies from one generation genotype frequencies from one generation 
to the next due to to the next due to differential net differential net 
reproductive successreproductive success of individuals with of individuals with 
different genotypesdifferent genotypes
–– If individuals with genotype AA consistently If individuals with genotype AA consistently 

have twice as many offspring as individuals have twice as many offspring as individuals 
with AB and BB genotypes, the frequency of with 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 to the There are two elements contributing to the 
differential reproductive success of differential reproductive success of 
individuals with differing genotypesindividuals with differing genotypes
–– Viability or survival: individuals must survive Viability 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 in Fertility: individuals must produce offspring in 
order to pass on their genesorder to pass on their genes

•• The genotype producing the most The 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 variants Differential reproduction of favorable variants 
(selection)(selection)
•• Fitness is a measure of relative reproductive Fitness is a measure of relative reproductive 

success by genotypesuccess by genotype

•• Ranges between 0 (die with no offspring) and 1 Ranges between 0 (die with no offspring) and 1 
(die with maximum number of surviving offspring)(die with maximum number of surviving offspring)

•• Selection (s) = 1 minus Fitness; represents Selection (s) = 1 minus Fitness; represents 
selection against the genotypeselection against the genotype

–– Maximum selection against = 1 when fitness = 0Maximum selection against = 1 when fitness = 0



Selection against a recessiveSelection against a recessive
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Random Effect in Finite Random Effect in Finite 
PopulationsPopulations

•• Genetic DriftGenetic Drift
–– A finite population size is subject to  A finite population size is subject to  

chance or random influences on gene chance or random influences on gene 
frequencies from one generation to the frequencies from one generation to the 
next next 
•• Smaller the population, the larger the effectSmaller the population, the larger the effect

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

Genetic Drift and Human EvolutionGenetic Drift and Human Evolution

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

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

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

Bottleneck EffectBottleneck Effect

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

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

•• The survivors will give rise The survivors will give rise 
to a new population that to a new population that 
differs genetically from the differs genetically from the 
one that existed before the one that existed before the 
catastrophecatastrophe

After Bottleneck

Before Bottleneck

Tim
e

Founder EffectFounder Effect

•• The genetic difference between the gene pool of The genetic difference between the gene pool of 
a population and that of a newly isolated a population and that of a newly isolated 
subpopulation from the same groupsubpopulation from the same group
–– When a small number of individuals form a new When a small number of individuals form a new 

population they have a random sample of the genes population 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 from Allele 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 of Native A recent estimate of the founding population of Native 

Americans was ~80 individuals!Americans was ~80 individuals!

ConclusionsConclusions

•• Genes are distributed in populationsGenes are distributed in populations
•• Populations differ from one another in the Populations differ from one another in the 

frequencies of different allelesfrequencies of different alleles
•• The ultimate source of new genetic variation is The ultimate source of new genetic variation is 

mutationmutation
•• Gene flow makes population resemble one Gene flow makes population resemble one 

anotheranother
•• Genetic drift and natural selection reduce Genetic drift and natural selection reduce 

variation in specific waysvariation in specific ways
–– Genetic drift is not related to environment, natural Genetic drift is not related to environment, natural 

selection isselection is


