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Outline

■ Computational disease biology beyond GWAS

■ Uses of DNA information

■ DNA in forensics

■ Non-invasive Prenatal Testing (NIPT)

Notes:

--Project meetings in lab next Thursday

--Presentations next Thursday

--Presentation instructions and final deliverables posted!



■ Date: in-class Thursday, Dec 11

■ Each person will have 10-12 minutes to present (+ time for questions 

and transition)

■ Email me your slides by 12pm on Dec 11! (PDF only)

■ I will have a laser pointer / slide advancer clicker

Project Presentation Notes



Project Presentation Notes

■ Motivation and Scientific Question

■ Data and Methods

■ Results and Interpretation

■ Conclusions and Future Work

Your presentation should include Presentation Tips

■ Speak loudly (to the back of the class)

■ Avoid text-heavy slides, use images/diagrams

■ Include citations for any figures you did not make

■ Ask at least one question to another group

Submit by 12pm on Dec 20

■ Lab Notebook (include references)

■ All project code

■ Presentation slides

Think about 

reproducibility!



Computational disease biology 
beyond GWAS



Pedigree Analysis



Beyond GWAS: pedigree analysis

Copyright © 2000. Phillip McClean
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Ability to taste the chemical PTC (“bitter” taste)

Image: Human Pedigree Analysis (1999)



Hemophilia in the Royal Family – X linked

Image Source: National Centre for Case Study Teaching in Science



Infectious disease modeling



“Influence of Local Information on Social Simulations in Small-World Network Models” (2005)

Susceptible 

InfectedRecovered

SIR models for infectious disease

■ Recent applications:

– H1N1, “swine flu”, 2009

– Ebola, 2015

– Covid, 2020



■ Recent applications:

– H1N1, “swine flu”, 2009

– Ebola, 2015

– Covid, 2020

“Influence of Local Information on Social Simulations in Small-World Network Models” (2005)

Susceptible 

InfectedRecovered

SIR models for infectious disease

Hethcote H (2000). "The Mathematics of Infectious Diseases"

Modeled through 

differential equations

http://leonidzhukov.net/hse/2014/socialnetworks/papers/2000SiamRev.pdf


SIR models for infectious disease

www.systemswiki.org



Cancer biology



Evolution of a cancerous tumor

Image: ScienceDaily



Phylogenetic analysis of cancer cells

“Tree inference for single-cell data”, Genome Biology, 2016

- Cancerous tumors often contain many different types of cells

- Once one mutation happens that causes the initial issue, mutations accumulate

- We can try to reconstruct the “ancestral” state to figure out what first went wrong



Uses of DNA information



Big question: who owns DNA information?

■ Early example: 1951, cells from Henrietta Lacks were immortalized 
(HeLa cells)

■ These cells have been used extensively in research

– 20 tons of cells grown

– Involved in 11,000 patents

■ In 1990, court ruled that discarded tissue/cells are not the person’s 
property and can be commercialized

Further reading: 



Recently: companies offer DTC genetic 
testing

■ 23andMe now has SNP data from 14 million individuals (2024)

■ They offer both ancestry and health related information

■ They ask users to answer survey questions (health history, physical traits, etc)

■ Partnering with drug companies, as well as creating therapies in-house



Forensic uses of DNA

■ Current technology uses short tandem repeats (STRs) for identification

■ Repeats are typically 2-6bp long

■ DNA from a crime scene is taken and then matched against an existing database of 
previously collected samples

■ Even if existing samples are not linked to people, matches can indicate the crime 
was committed by the same unknown person



Combined DNA Index System (CODIS)

■ U.S. National DNA database, maintained by the FBI

■ Each profile has 13 STR (short tandem repeat) loci

■ 13 million offender profiles, 3 million arrestee profiles

■ Aided over 390,000 investigations

■ False matches are rare, but occur more frequently in closely 
related individuals

By Chemical Science & Technology Laboratory, National 

Institute of Standards and Technology – Wikipedia



U.S. arrestee collection laws as of 2017

By Majora – Wikipedia



Beyond database hits: reconstructing 
appearance with DNA

“Current DNA-based appearance prediction includes group-
specific traits such as eye colour, hair colour and age with 
categorical prediction accuracies suitable for practical 
applications, and additional group-specific traits such as skin 
colour, hair morphology or baldness may follow. Individual-
specific DNA-based facial morphology prediction would be 
most appreciated for finding unknown persons, but is 
currently beyond our level of genetic knowledge.”



“IrisPlex” eye 
color prediction
from DNA alone



2018: police capture criminal by using 
a fake DNA profile
■ Uploaded a DNA sample from 1980 to the site GEDmatch

■ Several relatives matched, which led the investigators to an address

■ Joseph James DeAngelo, then 72, convicted as the “Golden State Killer”

Washington Post



Discussion Questions in groups



Prenatal Testing Background



Causes of aneuploidy 

"Mitotic nondisjunction" by Wpeissner - https://commons.wikimedia.org

abnormal number of chromosomes (usually 1 or 3 instead of 2)



Autosomal chromosomes:

■ Trisomy 13: Patau syndrome

■ Trisomy 18: Edwards syndrome

■ Trisomy 21: Down syndrome

Motivation: aneuploidy testing



Autosomal chromosomes:

■ Trisomy 13: Patau syndrome

■ Trisomy 18: Edwards syndrome

■ Trisomy 21: Down syndrome

Sex chromosomes:

■ X0 (one X chromosome): Turner’s syndrome

■ XYY or XXX: normal male or female phenotype

■ XXY: Klinefelter Syndrome

Motivation: aneuploidy testing



Older women are more at risk



Current testing procedures

■ cFTS (combined First-Trimester Screening), 12-14 weeks

– Looks at biomarkers and other data

■ Amniocentesis (invasive)

– 16-22 weeks, uses karyotyping to determine anueploidy

■ 1997: proof of fetal DNA in maternal blood (Y-chromosome)

■ ≈2011: companies offer Non-Invasive Prenatal Testing (NIPT)

– Verinata, Harmony, NIFTY

– All using next-generation sequencing 



Basic Procedure

1) Sample maternal blood

 - contains cell-free fetal DNA (cffDNA)

2) Low-coverage sequencing (0.1x - 4x)

3) Read alignment/mapping to human genome (using BWA or similar)

 - save reads that map uniquely

4) Compute coverage for each chromosome

5) t-test for aneuploidy (coverage differences)





Direct to Consumer (DTC) testing



Trisomy 21, 18, 13



99% confidence (3.09)

-3.09

known trisomy 21



false positive 
(sequencing)

false positive 
(standard)

false negative 
(sequencing)

num 
positives

PPV 
(sequencing)

PPV 
(standard)

T21 0.30% 3.60% 0 5 45.50% 4.20%
T18 0.20% 0.60% 0 2 40.00% 8.30%
T13 0 1



Probability Considerations



■ Disease affects 1/100 people: P(disease) = 0.01

■ Test for the disease with 90% accuracy

– P(positive|disease) = 0.9

– P(negative|healthy) = 0.9

Clinical Trials Example



Clinical Trials Example

■ Disease affects 1/100 people: P(disease) = 0.01

■ Test for the disease with 90% accuracy

– P(positive|disease) = 0.9

– P(negative|healthy) = 0.9

P(disease|positive)  = P(positive|disease) P(disease)

P(positive)





■ Disease affects 1/100 people: P(disease) = 0.01

■ Test for the disease with 90% accuracy

– P(positive|disease) = 0.9

– P(negative|healthy) = 0.9

≈ 8.3%

Clinical Trials Example

P(disease|positive)  = P(positive|disease) P(disease)

P(positive)



Bayesian Model

Input data are read counts for each chromosome (1,2,…,n):



Bayesian Model

Input data are read counts for each chromosome (1,2,…,n):

Goal:



Bayesian Model

Input data are read counts for each chromosome (1,2,…,n):

Goal:



Prior: 

P(T21) 

Maternal Age Trisomy 21 All Trisomies
20 1 in 1,667 1 in 526

21 1 in 1,429 1 in 526

22 1 in 1,429 1 in 500

23 1 in 1,429 1 in 500

24 1 in 1,250 1 in 476

25 1 in 1,250 1 in 476

26 1 in 1,176 1 in 476

27 1 in 1,111 1 in 455

28 1 in 1,053 1 in 435

29 1 in 1,000 1 in 417

30 1 in 952 1 in 384

31 1 in 909 1 in 384

32 1 in 769 1 in 323

33 1 in 625 1 in 286

34 1 in 500 1 in 238

35 1 in 385 1 in 192

36 1 in 294 1 in 156

37 1 in 227 1 in 127

38 1 in 175 1 in 102

39 1 in 137 1 in 83

40 1 in 106 1 in 66

41 1 in 82 1 in 53

42 1 in 64 1 in 42

43 1 in 50 1 in 33

44 1 in 38 1 in 26

45 1 in 30 1 in 21

46 1 in 23 1 in 16

47 1 in 18 1 in 13

48 1 in 14 1 in 10

49 1 in 11 1 in 8



Research paper

“A couple in which the man carries the mutation for Huntington's disease 

request prenatal testing during their first pregnancy. Though they would not 

terminate an affected pregnancy, they would like the information. There is 

no treatment available that can change the course of the disease so the 

diagnosis will not result in medical benefit for the child.”

Viewpoint 1: not to test

Viewpoint 2: to test



Discussion Questions

■ Form small groups 

■ Discuss questions below (or anything else you find interesting/relevant about this topic)

■ Choose a representative to mention an interesting part of your discussion to the class

1) Which side of the article (about Huntington’s Disease) do 

you find most compelling?

2) Considering the potential of NIPT to resolve the entire fetal 

genome, what would be your recommendation about how to 

use this technology?
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