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Several important topics

• How to interpret p-values
• What is a good estimation? Bias and precision
• Confounding
• Association and causality
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Causality vs Association
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Association vs Causality

4

N Engl J Med 2012; 367:1562-1564

Can We Help China Win Nobel Prize 
by Eating Chocolate?



Interpreting Association
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Correlation does not imply causation. 
There seems to be a deep human need to explain things that happen in 
terms of simple cause-effect relationship.

Randomize -- when you need to evaluate effect of a treatment
Allocate subjects to treatment groups by a random method that gives an 
equal chance of being in any treatment group.
Provides control for both known and unknown confounder.

Stratify -- when you analyze the data
Logistic regression, linear regression when a number of potential 
confounders exist
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Careful application of statistical science will
be essential.



Learning Resources for R
• https://cran.r-project.org/doc/manuals/r-release/R-intro.pdf
• https://rstudio.com/resources/cheatsheets/
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https://cran.r-project.org/doc/manuals/r-release/R-intro.pdf


Data Type in Biostatistics

• Discrete and Continuous
• DNA sequence, EMR, image, network, etc
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Statistical Genetics

• a branch of statistics that deals with the analysis of inherited traits 
and genetic data
• Main motivation:
• Domestication of animals and practice of farming
• Human genetics: search for origin of disease

• In early years: 
• Mainly experimental studies in plants and animals 
• A exception: Galton’s statistical work in the 1880s on the inheritance of height 

in humans 
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Reference

• Reading
• Nan M. Laird & Christoph Lange. The fundamentals of modern statistical 

genetics. Springer.
• Falconer & Mackay. Introduction to quantitative genetics. Pearson. Prentice 

Hall.
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Early days of genetics

• The basic concept of inheritance has been around for millennia.
• For example, Babylonians and ancient Egyptians utilized cross 

pollination of crops and selection of domesticated animals for 
breeding.
• 19世纪中叶，《天工开物》

“凡茧色唯黄白两种。川、陕、晋、
豫有黄无白，嘉湖有白无黄。若将白
雄配黄雌，则其嗣变成褐茧。”



Early days of genetics
• Diseases such as sickle cell anemia and hemophilia have been 

recognized as inherited disorders for centuries.
• Despite this awareness of trait inheritance, our current

knowledge about inherited human diseases has been acquired 
mostly in the last century.



Mendel’s inheritance laws

• First genetic studies were in plants and animals.
• Mendel’s experiments were on pea plants – these are quick and easy to 

breed and produce lots of offspring.
• Mendel was a 19th century Austrian monk, and he conducted hybridization 

experiments with garden peas.
• He effectively discovered what we now know as Mendel laws.
• Law of Segregation (The "First Law"): every individual has two alleles and 

each parent passes a randomly selected copy to each of its offspring.
• Law of Independent Assortment (The "Second Law"): alleles/genes for 

different traits are passed independently (only true if the genes are not 
linked).



Human Genetics

• Human genetics in particular is a fairly young discipline.
• Humans are difficult to study because:
• Experimental crossings are not possible.
• Environmental factors are hard to control.
• Humans have small families with many years needed for a new generation to 

develop.



Brief History

• In the beginning, there was no standardized way to assay the genetic 
information at the molecular level in an individual.
• Only observable traits (or phenotypes) were available.
• Familial aggregation/heritability studies: check whether traits or 

diseases were inherited.
• They provide the justification for molecular studies.
• Biotechnology development: determine genetic information at 

specific genetic markers in the genome



High-throughput genotyping 
becomes available & affordable
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Human Genome Project
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Human Genome Project (1990-2003)

• http://www.ornl.gov/sci/techresources/Human_Genome/home.shtml

1985, UCSC meeting
https://journal.hep.com.cn/qb/EN/10.15302/J-QB-021-0243



Sequence-based technologies



Diversity at Multiple Scales
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Variety is the spice of life

• We are all different! Our uniqueness comes from genes inherited 
from parents, and environment (diet, education, social/family 
experiences).
• Mutations are spontaneous changes in DNA.
• Mutations are the source of genetic variation across individuals.
• Without mutations there would be no variation, no evolution.
• Different types of mutations: a substitution of one letter for another; 

deletion/insertion/duplication of a single letter or block of letters.



Review of Molecular Genetics

• The human genome refers to all of the basic 
biological material that is transmitted from 
parents to offspring
• There are 23 pairs of chromosomes: 22 are 

autosomal, and the 23rd pair contains the sex 
chromosomes (X and Y)
• In each pair, one copy is inherited from the 

mother and one from the father. Females: 2 X, 
males: X and Y



DNA

• Each chromosome is composed of long 
strands of DNA.
• A DNA molecule is two very long (3 billion) 

sequences of complementary letters.
• There are four DNA bases: thymine (T), 

adenine (A), guanine (G) and cytosine (C) 
DNA is double stranded: A-T, C-G



Genetic Marker

https://www.genome.gov/

SNP
allele
genotype
allele frequency



Types of Genetic Variants

• Single nucleotide polymorphism (SNP): occur commonly throughout the 
genome, and are cost effective to genotype in large numbers (millions) in 
GWAS ~0.751 SNPs per kb.

• Indels: extra base pairs (between 1 and 1000) can be inserted/deleted in 
between two specific base pairs.

• Variable number of tandem repeats (VNTR): specific DNA sequences that 
are repeated immediately adjacent to each other a variable number of 
times. Microsatellites consist of small sequences (1-6) which are repeated.

• The number of repeats can vary widely from one person to the next, 
therefore they are used often in forensic DNA and paternity testing; also in 
linkage mapping.

• Structural variants: duplications, deletions, inversions, translocations

• CNV (copy number variants): large insertions/ deletions
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Human Genome Project & HapMap Project 



The HapMap is valuable by reducing the number of SNPs required to examine 
the entire genome for association with a phenotype from the 10 million SNPs 
that exist to roughly 500,000 tag SNPs.



Basics of Population Genetics



Population Genetics

• A population, in the genetic sense, is not just a group of individuals, 
but a breeding group; the genetics of a population is concerned not 
only with the genetic constitution of the individuals but also with the 
transmission of the genes from one generation to the next.
• Population genetics is a field concerned with genetic variation within 

and between populations over time and space.
• Key principles in population genetics that are important in association 

analysis:
• Population Substructure.
• Hardy Weinberg equilibrium.



Genetic constitution of a population

• To describe the genetic constitution of  a group of individuals, we 
should have to specify their genotypes and say how many of each 
genotype there were.
• Concerning frequencies of genes and genotypes
• Assume an individual has two copies of each autosomal (not sex) 

chromosomes.
• Alleles A and a
• Genotypes AA, Aa, aa

Alleles/Genes Genotypes
A a AA Aa aa

frequencies p q P H Q

! = # + 1
2'

( = ) + 1
2'



Causes of changes in allele/genotype 
frequencies
• Population size
• Sampling variation between successive generations
• The smaller the number of parents the greater is the sampling variation
• Negligible in large “population”

• Differences of fertility and viability
• selection

• Migration and mutation
• Mating system
• We assume random mating with respect to genotypes
• Widely spread population is likely to be subdivided into local groups and 

mating is random only within the groups.



Estimation of allele frequency (1)

• An individual has two copies of each autosomal (not sex) 
chromosomes.
• Goal: estimate the population proportion of a particular allele A (the 

other allele is a).
• The allele proportion (frequency) in the population is the proportion 

of chromosomes carrying that allele.
• Suppose we have a sample of n individuals from a population with a 

proportion p of A alleles.
• We want to estimate p
• q=1 − p is the frequency of the other allele, a.



Estimation of allele frequency (2)

• !"", !"#, and !## are number of individuals with genotype AA, Aa, aa.
• ! = !"" + !"#+ !##
• '̂ = ()**+)*,

() , -. = 1 − '̂
• unbiased estimate of ' if random sample with equal probability sampling (each 

individual has the same probability of being included in the sample) – even if 
samples are related.
• In practice, this means the probability of selection in the sample does not 

depend on genotype (directly) or phenotype related to genotype (indirectly).

• Standard error for proportion, -1(34 -1)
() , assuming independence



Hardy-Weinberg Law

• In a large random-mating population with no selection, mutation, or 
migration, the gene frequencies and genotype frequencies are 
constant from generation to generation; furthermore, there is a 
simple relationship between the gene frequencies and genotype 
frequencies.
• Hardy-Weinberg equilibrium (1908)
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Population mean



Continuous Variation


