
Population Genetics 
Genetic Influence 



Natural Selection Review 

 Population 

 Variation 

 Time 

 Survive 

 Reproduce 

Adaptation 





Gregor Mendel 



What does inheritance mean? 



Genomics 

 Chromosome Structure 

 DNA  

 Genes 

 Variation 

 Expression 

 Central Dogma 

 Human Genome Project 

 Applications 

 Current Research 

 Epigenetics 

 What Next 



Chromosome  

 Karyotyping 

 Structure 

 Number 

 Bands 

 Location 

 Processes 

 Problems 

 



DNA 

 Location 

 Structure 

 Base Pair 

 Replication 

 Protein Synthesis 

 Regions 

 Exons 

 Introns 

 Transposons 

 Telomeres 

 



Human Genome Project (HGP) 

International Research Effort 



Mutations 
 Define 

 Organism involved 

 Eukaroyotes: Plants, Animals 

 Prokaryotes: Bacteria vs. Virus 

 Chromosomes involved 

 Causes 

 Rate 

 Chromosome  changes 

 End Results 

 = 

 + 

 - 

 



Mutation Types 



Reproductive Changes 

Crossing Over 

Independent Assortment 

Fertilization 



Structural vs. Numeric 



Variation 

 Define term 

 Genetic 

 Homozygous % 

 Heterozygous % 

 Examples 

 Gene 

 Nucleotide 

 Geographic 

 Environment 

 Isolation 



Data Sets 

Qualitative 



Genetic Variation 

Discrete Characters 

 Differences in a defined form 

 One characteristic  

 Have trait or not (either / or) 

 Single gene, different phenotypes 

 examples 

Quantitative Characters 

 Differences in range of forms 

 Not one or the other 

 Influences of several genes on a 
characteristic 

 examples 



Determining variations 

Gene 
 PCR 

Nucleotide 
 DNA sequencing 



Genomic Evolution 

 Comparative Analysis 

 Shared characteristics 

 Explains Divergence 

 Phenotype differences 

 Mutations 

 Define 

 Types 

 Results (=, -, +) 

 Meiosis Mistakes 

 Duplication 

 Inversions 

 Breaks 

 



Hardy-Weinberg Principle 

 Population 

 Allele/Gene frequency  

 Constant 

 No influences 

               Females 

A (p) a (q) 

Males A (p) AA (p2) Aa (pq) 

a (q) Aa (pq) Aa (q2) 



H-W Equilibrium 



Large Breeding Population 



Random Mating 



No allele frequency changes due to 
mutations 



No migration: imigration or emigration 



No Natural Selection 



Hardy-Weinberg “Rules” 

 2n 

 Sexual reproduction 

 Non-overlapping generations 

 Mating is random 

 Large population size 

 Allele frequencies are = in sexes 

 No influences… 



To estimate the frequency of alleles in a population, we 
can use the Hardy-Weinberg equation. According to this 
equation: 
p = the frequency of the dominant allele (represented 
here by A) 
q = the frequency of the recessive allele (represented 
here by a) 
For a population in genetic equilibrium: 
p + q = 1.0 (The sum of the frequencies of both alleles is 
100%.) 
(p + q)2 = 1 
so 
p2 + 2pq + q2 = 1 
The three terms of this binomial expansion indicate the 
frequencies of the three genotypes: 
p2 = frequency of AA (homozygous dominant) 
2pq = frequency of Aa (heterozygous) 
q2 = frequency of aa (homozygous recessive) 

Allele frequency 

Genotypes 



Equation for Genotypes 

Frequency of alleles 
Frequency of genotypes 



What about extra allele frequency? 

 3 alleles 

 (P + Q + R) ² =    

 p²  + q²  + r² + 2pq + 2pr +2qr 

 

 4 alleles 

 (P + Q + R + S) ² =    

 p²  + q²  + r² + s² + 2pq + 2pr +2qr 

     +2ps + 2qs + 2rs 





Genetic Drift 

 Small populations 

 Loss of genetic variation 

 Decreased offspring 

 Increase frequency of harmful 
alleles 

 Examples 

 Founder Effect 

 Bottleneck 



Founder Effect 

Small population, Isolation 



Human Diseases related to the Founder effect 

 Sickle Cell Anemia 

 Meleda (plantopalmar keratoderma) 

 Ellis-van Creveld syndrome 

 Fumarase Deficiency 

 Huntington’s Disease 

 Retinitis Pigmentosa 

 Deafness 

 Tay-Sachs 

 Maple Syrup Urine Disease (MSUD) 

 

 



Bottleneck  Original population size reduced 

 Decreases genetic diversity 

 Causes 

 Habitat destruction 

 Predation 

 Environmental disaster 



Gene Flow = Movement in or out 

Transfer of alleles 
Reduce genetic differences 



Antibiotic Resistance 

MRSA 
VRSA 
CRE 





Natural Selection 

 Adaptive Selection 

 Creation of new genes 

 Favors some alleles 

 Reasons 

 Dynamic 

 Continuous 

 Relative Fitness 

 



Natural Selection Types 

 Directional 

 Disruptive 

 Stabilizing 

 Balancing 



Sexual Selection 



Artificial Selection 



Ecological Selection 

 Processes that act on inherited 
traits 

 Environmental Pressures 

Smithsonian Study on 
Decline of backyard bird populations 

https://nationalzoo.si.edu/news/new-smithsonian-study-links-declines-suburban-backyard-birds-presence-nonnative-plants
https://nationalzoo.si.edu/news/new-smithsonian-study-links-declines-suburban-backyard-birds-presence-nonnative-plants




Central Dogma 



Genes and Gene Expression 

 Genetic Code Redundancy 

 Highly Conserved Genes 

 Number of Genes (e.g.) 

 Grains: 32,000-42,000 

 Nematodes 20,000 

 Humans 21,000 

 Recent Discoveries 

 New Fields 

  Evo-Devo 

 Proteomics 

 



Epigenetics 









Epigenetics 

Changes in genetic 
expression in response 
to environmental signals 



Influences Shaping Health and Disease 

Article on epigenetic regulation 

https://www.frontiersin.org/articles/10.3389/fgene.2012.00096/full


Summary 



Applications 

 Diagnostics  

 Cancer Genome Atlas 

 Congenital Disease 

 Alter Gene Expression 

 Stem Cell Research 

 Tumor Biomarkers 

 Therapeutics 

 Targeted Gene Therapy 

 Transgenic Cell Lines 

 Pharmacogenomics 

 



What about…. 

 Genetic Kits 

 Ancestry.com 

 23&me 

 Helix 

 MyHeritage 

 Gene2Me 

 Vitagene 

 GeneLife 

 HomeDNA 

vs 

 DNA profiling (STR analysis) 

 

 

Twins Ancestry kit link 

https://www.cbc.ca/news/technology/dna-ancestry-kits-twins-marketplace-1.4980976


Questions? 
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