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Outline
(1) Welcome message

(2) assignment of breakout rooms + ice breaking activity for 5 min within groups 

(3) A quick overview of the lecture material + how to access the instructions for the practical (HTML file)

(4) Breakout rooms for 30 min to complete Practical 1 (Pop Gen)

(5) 10 min break

(6) Brief discussion around Practical 1 + Q&A.

(7) Breakout rooms for 30-40 min to complete Practical 2 (Quant Gen)

(8) Brief discussion around Practical 2 + Q&A.

(9) Concluding remarks.

(10) Re-pen breakout rooms for those who want to continue to chat or finish the practical.
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Ice breaking questions

• What is your name, education background and what do 
you expect to learn in this workshop? [1 min]

• Which would you rather lose: your raw data, your scripts, 
or your notes? [1 min]

• What genetics/genomics buzzword will we all be tired of 
hearing in five years? [1 min] 



Overview of lecture material
➔ https://www.colorado.edu/ibg/workshop-2026 

https://www.colorado.edu/ibg/workshop-2026
https://www.colorado.edu/ibg/workshop-2026
https://www.colorado.edu/ibg/workshop-2026


Access Practical
➔ https://www.colorado.edu/ibg/workshop-2026 

https://www.colorado.edu/ibg/workshop-2026
https://www.colorado.edu/ibg/workshop-2026
https://www.colorado.edu/ibg/workshop-2026


Practical looks like this…



Population Genetics
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Population Genetics Theory is concerned with 
characterizing and quantifying genetic variation within 
and between populations.
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Population Genetics Theory is the theory of alleles and 
genotypes frequencies within and between groups of 
individuals.



Key concepts

• Hardy-Weinberg Equilibrium

• Linkage Disequilibrium

• Fixation index (FST)
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Hardy-Weinberg 
Equilibrium

Pistis et al. (2013) Plos One

Linkage Disequilibrium



Population structure = 
frequency differences 
between populations
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Martin et. al., Nature Genetics, 2019
➔FST



Quantitative Genetics



Estimation of heritability from 
individual-level data

Heritability (h2) quantifies the degree to 
which inter-individual differences and 
resemblance in the population are due 
to genetic factors.

Chial, H. (2008) Polygenic inheritance and gene mapping.
Nature Education 1(1):17
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Definitions 

Heritability (h2) quantifies the degree to 
which inter-individual differences and 
resemblance in the populations are due to 
genetic factors.

Heritability can be approached in terms of

- Differences between people in the 
population: h2 = var(G) / var(Y), 

- Resemblance between relatives (in 
families): corr(Yi,Yj) = h2Rij + Residual 
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Standard GRM estimator
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where, 𝑥𝑖𝑗  and 𝑥𝑖𝑘  are the minor allele count (𝑥𝑖𝑗 , 𝑥𝑖𝑘  = 0,1 or 2) 

at SNP i for individuals j and k respectively, 𝑝𝑖 the minor allele 

frequency (MAF) of SNP I and 𝑚 the number of SNPs used to 

calculate the GRM.

Example of GRM between N=3 individuals
(over m=1000 SNPs)

[$bash] zless myGRM.grm.gz
1 1 1000  0.99
1 2 1000 -0.01
1 3 1000  0.01
2 2 1000  1.03
2 3 1000  0.03
3 3 1000  1.01



Distribution of GRM values

The expectation (over a large 
sample of relatives) of the ො𝜋𝑗𝑘 
is exactly 𝑅𝑗𝑘 .

Observed relatedness may be 
still vary within a type of 
pedigree relationship.
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Data from UK Biobank participants
(Application number 12505)



Summary and next part

Observing simultaneously corr(Yi,Yj) and Rij is key to estimating h2

GRMs can be quantified using actual SNP data (show more 
variation than expected genetic relatedness)

Software GCTA can calculate GRM and use them for estimating 
h2 (Part 3) 
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Two approaches for estimating 
heritability from SNP data
• Estimation using Haseman-Elston (HE) regression

• Estimation using Genome-based REstricted Maximum 
Likelihood (GREML)
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GREML estimation with GCTA

Run GCTA to estimate heritability of trait 1 using GREML

  gcta64 --grm myData --pheno phenotype.txt --mpheno 1 --reml --out myGREML_estimates

 [generates 2 files: myGREML_estimates.log, myGREML_estimates.hsq]
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LDMS method

Step 1: Calculate SNP attributes: MAF (𝑝𝑖) and LD score (ℓ𝑖)

  ℓ𝑖 = σ𝑘=1
𝑚 𝑟𝑖𝑘

2  (𝑟𝑖𝑘2 : squared correlation of allele counts between SNP i and SNP k)

Step 2: Groups SNPs based on MAF and LD 
 e.g., 6 MAF groups: ]1%-5%],]5%-10%],]10%-20%], ]20%-30%],]30%-40%] and ]40%-50%]

 + 4 LD score groups (quartile) with each MAF group => K=6x4=24 LDMS groups.

Step 3: Calculate a GRM for each group of SNPs.

Step 4: Estimate jointly the “𝜎𝑔
2” for each SNP group.

𝒀~𝑁(𝑿𝜷,σ𝑘=1
𝐾 𝜎𝑔,𝑘

2 𝐆𝐑𝐌𝑘 + 𝜎𝑒
2𝐼𝑛) => 𝜎𝑔

2= σ𝑘=1
𝐾 𝜎𝑔,𝑘

2
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Practical looks like this…
• You can run the first part on your own RStudio

• Encouraged to work together (sharing screen)
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Feedback on Prac – Part 1

All genetic variation is fixated if we wait long enough 
(in the absence of new mutations)

Fixation happens faster in smaller 
populations

Genetic drift can be a powerful 
evolutionary force



Feedback on Prac – Part 1

Population shrinks ➔ More fixation

Population expands ➔ Less fixation



Take home

• Genetic drift can induce large changes in allele frequencies 
especially when population size is small

• Fixation is inevitable unless new genetic variation enters the 
population (mutation, migration)

• Feel free to reuse the code for strengthening intuition
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Feedback on Prac – Part 2 (GCTA) – Relatedness

Including relatives Excluding relatives

Difference = any factor shared by close relatives that influences the trait (environmental or genetic)



Feedback on Prac – Part 2 (GCTA) – Effect of 
allele frequency

Single GRM analysis MAF-stratified analysis

Assumption in single GRM analysis = all SNP contribute equally to heritability
Stratified analysis gives more freedom in your analysis and also produce less biased estimates



Feedback on Prac – Part 2 (GCTA) – Sibling analysis

Using within-family IBD variation can help 
overcoming many biases in heritability estimates



Take home

• Heritability from close relatives can be different from that of 
distant relatives – not always a bias (missing heritability)

• MAF/LD Stratification can minimize biases. Bayesian methods are 
even more flexible (Day 5 - PRS)

• Within-family is the gold standard but require quite large sample 
sizes.



Concluding remarks
Link with Day 2/4: GCTA syntax is inspired by PLINK
Link with Day 3: Refreshed on IBD and variance estimation
Link with Day 5: Heritability as an upper bound for PRS accuracy
Link with Day 6: Application to GWAS summary statistics.

Paper to check out.
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