
Genetic variation



Population bottlenecks decrease genetic diversity

*From Graham Coop’s Website: http://gcbias.org/

“The bottleneck effect is an extreme example of genetic drift that happens when the size of a population is 
severely reduced. Events like natural disasters (earthquakes, floods, fires) can decimate a population, killing most 
individuals and leaving behind a small, random assortment of survivors.”

https://www.khanacademy.org/science/ap-biology/natural-selection/population-genetics/a/genetic-drift-founder-bottleneck

http://gcbias.org/
http://www.khanacademy.org/science/ap-biology/natural-selection/population-genetics/a/genetic-drift-founder-bottleneck


Single nucleotide variants/polymorphisms

Key definitions:

• Single nucleotide variant (SNV): a single base substitution variant (e.g., A -> C)
• Single nucleotide polymorphism (SNP): an SNV that is relatively common in 

the human population, defined as variant allele frequency≥ 1%
• Variant allele frequency: the fraction of chromosomes in a population that 

carry a given genetic variant (not the number of people, or cells)

Key facts:
• ~4 million in each individual human (relative to the reference genome). By far the most 

common class of genome variation.
• 3.2 Gbp genome = 1/800bp = 0.13% divergence (for context, human vs. chimp is 1%)
• 13 million “common” SNPs in the human population (≥ 1% allele frequency)
• Impact: in a typical personal genome, ~22k SNVs affect exons, ~10k change coding 

sequence (non-synonymous); ~90 stop codons
• Very useful for genetic mapping (abundant, stable inheritance, easy and cheap to genotype 

with microarrays)



Short insertions and deletions (indels)

• Indel: a short insertion or deletion relative to the reference genome,
<50 bp in size

• Key facts:
• ~400k are identified in each personal genome; ~400 are in exons.
• Indels are a key source of gene loss of function mutations due to

their ability to cause “frameshifts” in the coding sequence.

• In a typical human genome, we identify ~90 frameshift mutations, 24
of

• which are homozygous.



Aneuploidy

Cancer

Normal
Aneuploidy: changes in the copy number of entire 
chromosomes.
Monosomy = 1 copy 
Trisomy = 3 copies
Uniparental disomy = 2 copies from 1 parent
Key facts:

• Extremely common in human cancers. Majority of tumors 
have aneuploidy due to chromosome mis-segregation.

• In humans, most aneuploidies are embryonic lethal.
Exceptions are trisomy 21 (Down Syndrome), 18 (Edwards 
Syndrome; rarely survive) and 13 (Pateau Syndrome; rarely 
survive). Others can survive if mosaic or sub-chromosomal.

• Aneuploidy is a major cause of miscarriage and the main 
reason for prenatal screening. Increased risk with female
age.



Mobile element insertions (MEIs)

Key facts:
• Caused by retrotransposition. DNA -> RNA -> DNA.
• 500-1,000 variable MEIs exist in the typical human genome. 90% are Alu, 8% are L1, rest are 

SVA and HERV-K.
• Activity and element types vary widely across mammalian species. For example, transposons 

are > 10X more active in mouse than in human. Bats have an active DNA transposon not found
in any other lineage.



Microsatellites mutate by replication slippage



Minisatellites mutate by recombination

Example of complexity 
observed!

• 10-100bp core sequences
• Not just big microsatellites
• “Scars” of sustained, localized recombination
• Hypervariable minisatellites may have highest 

mutation rate of any element, 14% per generation

Polarized mutation is sometimes observed, where one side of VNTR is more 
mutable than the other, perhaps due to flanking recombination hotspots.



Rates of mutation for different variant classes

Note: this general landscape is thought to be relatively consistent across mammals, 
except for transposons, whose activity and element composition vary widely

• Understand how to identify SVs
• Different signals of SVs
• Different types of platforms 

and their advantages 



Functional assays
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RNA-seq on Synthetic Barcodes
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CRE serves as its own barcode

Perform RNA-seq on enhancer 

sequence for expression level

Arnold, et al. Genome-wide quantitative enhancer activity maps identified 

by STARR-seq, Science. 2013 Mar 1;339(6123):1074-7

Perform DNA-seq on enhancer sequence to 

determine representation in library



Sort-Seq

Sharon, et al. Nat Biotechnol. 2012 Jun; 30(6): 521–530.

Kinney, et al. Proc Natl Acad Sci U S A. 2010 May 18; 107(20): 9158–9163

Genome-integrated reporter library 

(1 reporter per cell)

Flow sort into bins of 

fluorescence level
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CRE Bin 1 Bin 2 Bin 3

CRE 1 10 234 57

CRE 2 90 31 3

CRE 3 30 1546 706

CRE 4 25 984 33

Sequence barcode in 

each bin

• Common strategy for many functional assays

• Uses reporter fluorescence, not RNA-seq to quantify expression level

• Quantify variance in reporter expression

• Requires one reporter per cell



Genetic Screen for SHH Regulators





Deep Mutational Scan

• Create a library of all possible protein aa variants

• Pick an assayable function

• Pick a cell type

• Integrate one variant per cell (usually)

• Read out assay by sequencing DNA of variants





Caveats to Functional  

Assays

• Many proteins have more than one function

• Assays only feasible in cell lines that may be wrong context

• Assays don’t capture epistasis between variants

• Assays don’t necessarily reflect in vivo function

• Can do SNPs, not CNVs

• Noisy data

• Scale of the problem is still too large

Starita, et al., AJHG, Volume 101, Issue 3, 7 September 2017, Pages 315-325



Do the readings!


