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Welcome to Biostatistics 666!

Please fill in the survey while we walit to start.


http://tinyurl.com/666-week0

Course Overview and
Welcome!

Biostatistics 666
Goncalo Abecasis



Use Genetic Variation, Math and Computation
to Understand Human Disease
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A vida secreta dos animai
As Aves de Rapina da Europa

5 REM pangolins

10 LET nq=100: REM number of questions and animals

15 DIM q$(nq,50): DIM a(nq,2): DIM r$(1)
=8
30 FOR n=1TO qf/i2-1
40 READ g$(n): READ a(n,1): READ a(n,2)
50 NEXT n
60 FOR n=n TO qf-1
70 READ g${n): NEXT n
100 REM start playing

110 PRINT “Think of an animal.”,"Press any key to continue.”

120 PAUSE ¢

130 LET c=1: REM start with 1st question
140 IF a(c,1)=0 THEN GO TO 300

150 LET p$=qs(c): GO SUB 910

160 PRINT “?": GO SUB 1000

170 LET in=1: IF r$="y" THEN GO TO 210
180 IF r$="Y" THEN GO TO 210

190 LET in=2: IF r$="n" THEN GO TO 210
208 IF r$<>"N" THEN GO TO 150

210 LET c=alc,in): GO TO 140

300 REM animal
310 PRINT “Are you thinking of*

320 LET p$=q$(c): GO SUB 964: PRINT “?"

330 GO SUB 1000

340 IF r$="y"” THEN GO TO 488
350 IF r$="Y" THEN GO TO 480
360 IF r$="n" THEN GO TO 500
370 IF r$="N" THEN GO TO 500
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Human Genetics, Sample Sizes over My Time

Ongoing
2016
2015
2012
2010
2010
2008
2007
2005
2003
2002
2001
2000

120,000
32,488
2,500
1,092
179
100,184
8,816
270

270

80

218

800

820

600 million
40 million
80 million
40 million
16 million
2.5million
2.5 million
3.1 million
1 million
10,000
1,500

127

26

NHLBI Precision Medicine CohoriBopMed
Haplotype Referenc€onsortium (Nature Genetic:
The 1000 Genomes Project (Nature)

The 1000 Genomes Project (Nature)

The 1000 Genomes Project (Nature)

Lipid GWAS (Nature)

Lipid GWAS (Nature Genetics)
HapMap(Nature)

HapMap(Nature)

Chr.19 Variation Map (Nature Genetics)

Chr. 22 VariatiodMap (Nature)

ThreeRegion Variation Map (Am J Hum Genet)
T-cell receptor variation (Hurivlol Genet)



Course Logistics

Scheduling

Office Hours

Class Notes
Grading



Course Objective

Alntroduce statistical models used in gene mapping studies
ASurvey common algorithms used for handling genetic data
AProvide foundation for using gene mapping methods

AProvide foundation for refining and developing gene mapping methods



Course Notes

AWe will not be using a textbook
AExtremely important to attend class, and ask questions as needed!

ACopies of slides and additional content available online at
Ahttp://genome.sph.umich.edu/wiki/666



http://genome.sph.umich.edu/wiki/666

Assessment

AGrading will be a combination of:
AHome work assignments (40%, approximately weekly)
Aln-class written assessments (60%, two of these)

AGreg Zajac (Biostatistics PhD student) will be helping me with grading.



Academic Integrity

AAIl assignments you submit for evaluation must represent your own wo

Alf you copy or paraphrase others, you must clearly mark these section:s
and indicate sources.

AAny involvement in cheating constitutes academic misconduct and is a
serious offense.

ASee also the School policy on academic conduct.



Academic Integrity

[ . . )
If a set of assignments examsis broadly
identical, each will be scored as zero and
referred to Department or School.

L )




Scheduling

AWe will try to start classes at 8:30 sharp.

ADue to prior commitments, | may have to miss several lectures and starting
sharply on time should allow us to make up for any lost time.



Office Hours
A2S gAaff GNB G2 FTAYR | GAYS X
ATo provide input, please fill in times whgau are availableat:

http:// tinyurl.com/666-office-hours

AThanks!


http://tinyurl.com/666-office-hours

D2l fa FT2NJ ¢2RI & X

AOverview of the evolution of complex disease studies
ACurrent state of the art, challenges, opportunities

AHeritability
A Estimating the total (additive) contribution of genetic variation to a trait

AGenomewide Association Studies
ALinkage DisequilibriunGenotype imputation

ASequencebased Association Studies



Vo

LF &2dz FNB yS¢ G2 38§
A23andMeprovidesa nice intro to the basic principles of genetics

Ahttp://www.23andme.com/gen101/

AThe material is all quite good and the videos are easy to watch.

Alf genetics are new to yp | recommend you browse the first 4 sections.

L


http://www.23andme.com/gen101/

Modern Gene Mapping
Studies

A quick overview!
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ADNA is our instruction manual

A2 S | NB | ff odaAfa Yz2aufeée G2 GKS alkyYsS |
A Any two human DNA molecules are ~99.9% the same

AWe each have our manual, with small variations from the typical plan
A Most of these variations, as far as know, have no health consequences
A Some modify key cell processes, a lot (these are very rare) or a little (more commonly)

Al SIF NOK FT2NJ OFNAIyda 0KIFIG Y2ZRATeée AyaSt
AX ARSYUGATeEe (GKS OSftfdzZf I NI LIN2POSaasSa 0K
AX AYLINR OGS dzy RSNAEUOFYRAY3I 2F o0A2f23e3x



Human Genetics, Sample Sizes over My Time

Ongoing
2016
2015
2012
2010
2010
2008
2007
2005
2003
2002
2001
2000

120,000
32,488
2,500
1,092
179
100,184
8,816
270

270

80

218

800

820

600 million
40 million
80 million
40 million
16 million
2.5million
2.5 million
3.1 million
1 million
10,000
1,500

127

26

NHLBI Precision Medicine CohoriBopMed
Haplotype Referenc€onsortium (Nature Genetic:
The 1000 Genomes Project (Nature)

The 1000 Genomes Project (Nature)

The 1000 Genomes Project (Nature)

Lipid GWAS (Nature)

Lipid GWAS (Nature Genetics)
HapMap(Nature)

HapMap(Nature)

Chr.19 Variation Map (Nature Genetics)
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T-cell receptor variation (Hurivlol Genet)



A comprehensive review of genetic association studies

Joel N. Hirschhorn, MD, PhD'~ | Kirk Lohmueller’, Edward Byrnel, and Kurt Hirschhorn, MD*

aX 2F¥ 0KS mcc Faaz2O0AldAzya GKAOK
2yfeé A4AE KI @S 0SSy Oz2yairadasSyife

Hirschhorn et al (2002)
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A Genomewide Study of Obesity

* Previously Reported Loci
* Novel Replicated Loci
* Non-replicated Loci
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Current State of Genetic Association Studies

ASurveying common variation across 10,00080,000s of individuals
IS NOW routine, using genotyping arrays

AMany common alleles have been associated with a variety of human
complex traits

AThe functional consequences of these alleles are often subtle, and
translating the results into mechanistic insights remains challenging

ASequencing studies are starting to allow studies to extend to rare
variants, which can lead to easier to understand biology



Heritability

How Much of Phenotypic Variation Can Genetic Variation Explain?
Does Genetic Similarity Predict Phenotypic Similarity?



Variablility in Height

400

300 =
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Individuals
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Height in Centimeters

We might often summarize this distribution with a mean and variance.



Variability in Height,
Pairs of Observations

DZ twin Height r=0.32
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Height iIn DZ and MZ twins

MZ twin Height r=0.96 DZ twin Height r=0.32
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(How would you interpret these data from David Duffy?)



VarianceCovariance Matrix

e V(y) Couy,, yz)?

Vd

Y ouy,y,) V(v U

Model describesnot only variance of each
observation but also covariance for pairs of observations



A Simple Model for the
VarianceCovariance Matrix

J Isthekinshipcoefficiert for thetwo individuals



Linkage Disequilibrium and
Genetic Assoclation Studies

DSYSUAO ! 4a20AF0A2y {ATyIta I



Linkage Disequilibrium

AChromosomes are mosaics

Ancestor
]

AExtent and conservation of MOSAIC e -y
pieces depends on
A Recombination rate
A Mutation rate
A Population size
A Natural selection

ACombinations of alleles at very
close markers reflect ancestral
haplotypes



Obesity and th&EGR1locus
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Multiple nearby SNPs show evidence for association with obesity.
The associated alleles usually appear together, in a haplotype.

Willer et al, Nature Genetics, 2009



Observed Genotypes

Observed Genotypes
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CGAGACTCTTTTCTTTTGTAC
CGAGACTCTCCGACCTCGTGC
CGAAGCTCTTTTCTTCTGTGZC
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ldentify Match Among Reference

Reference Haplotypes

CGAGATCTCCTTCTTCTGTGZC
CGAGATCTCCCGACCTCATGS®G
CCAAGCTCTTTTCTTCTGTGZC
CGAAGCTCTTTTCTTCTGTGZC
CGAGACTCTCCGACCTTATGZC
TGGGATCTCCCGACCTCATGSG
CGAGATCTCCCGACCTTGTGC
CGAGACTCTTTTCTTTTGTAC
CGAGACTCTCCGACCTCGTGC
CGAAGCTCIT T T TITCITITCTGTGC




gsenotypes

Observed Genotypes
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Filkin M

cgagAtctcccgAcctcAtgayg

t cAtgg

t Ctt

cgaaGectcttt

Reference Haplotypes

CGAGATCTCCTTCTTCTGTGZC
CGAGATCTCCCGACCTCATGSG
CCAAGCTCTTTTCTTCTGTGZC
CGAAGCTCTTTTCTTCTGTGZC
CGAGACTCTCCGACCTTATGC
TGGGATCTCCCGACCTCATGG®G
CGAGATCTCCCGACCTTGTGC
CGAGACTCTTTTCTTTTGTAZC
CGAGACTCTCCGACCTCGTGC
CGAAGCITCIT T I TCITITCTGTGC




The Role of Sequencing
In Genetic Assoclation Studies



Shotgun Sequence Data

TAGCTCATAGCTACATAGCTGATCA AT

ATAGCTACGATAGCTGATCA ATCCCTCCTACET
ATCCTAGCTCATAGCTAGUTAGCTGATGA
AGCTCATAGCTAGUTAGCTGATGA ATCCCT

TAGCTCATAGCTAG U UTAGCTCATGA A
Seguence Reads

p -ACTG CTUCATCCTAGCTCATAGCTAG UTAGCTCATCA AT SCTECTAGCCT I GALG-0 Q
Reference Genome

A/C Predicted Genotype



The 1000 Genomes Project (2@03015)
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Optimal Model for Analyzing 1000 Genomes?

Homozygous
1000 Genomes Call Setf Reference Homozygous Non
(CEU) Error Heterozygote Erroy Reference Error

Broad 0.66 4.29 3.80
Michigan 0.68 3.26 3.06
Sanger 1.27 3.43 2.60

AaAOKAIlFY OFffSNI O2YO0AYySa X
I Markov models to identify shared haplotypes,
I Qassifiers to distinguish true variants from error,
| Strategies to distribute computation across cluster




Optimal Model for Analyzing 1000 Genomes?

Homozygous
1000 Genomes Call Setf Reference Homozygous Non
(CEU) Error Heterozygote Erroy Reference Error

Broad 0.66 4.29 3.80
Michigan 0.68 3.26 3.06
Sanger 1.27 3.43 2.60
Majority Consensus 0.45 2.05 2.21

ACommontoseed SY aSYof S¢ YSUK2RA
outperform the best single method



A Key Goal of
Seguence Based Association Studies

UNDERSTAND FUNCTION
LINKING EACH LOCUS TO DISEASE

What happens in gene knockouts?
Al &S aSljdzSyoOoAay3d (2 FAYR NINB Kdzyl
AWnhy? Results of animal studiesiarvitro studies often murky
AThe challenge? Natural knockouts are extremely rare



TOPMed Seguencing as of May 25, 2017

http://nhibi.sph.umich.edu/

A76,436 genomes Overall Genome Counts
A 74,890 pass quality checks (98.0%) ®Pass @ Fag @ Fai
A 946 flagged for low coverage( 1.2%)

A 606 fail quality checks ( 0.8%)

AMean depth:  38.3x
AGenome covered8.6%

AContamination: 0.28%

A10'6 sequenced bases


http://nhlbi.sph.umich.edu/

10'% sequenced bases

Number of snowflakes covering ~10 square miles in-and deep snowstorm.
100x more data than the 1000 Genomes Project.



