Human genetics in the 21st century:

Using bioinformatics to link genetics
and traits

Get a clue: CSlI and the science of forensics (2016)
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Recent DNA evidence

50 Years Later, a Break in a Boston Strangler Case

v JESS BIDGOOD

BOSTON — Investigators said Thursday that they had linked the man
believed by many to have been the Boston Strangler to DNA found in
the home of a woman thought to be the Strangler's last victim in a
string of unsolved murders that petrified this city in the early 1960s
and has perplexed it ever since.

But early attempts to recover usable DNA samples
were inconclusive. So Mr. Hayes stored the samples and waited for technology to improve.
Last fall, investig sent the samples to two private labs for another try — and this time
got a DNA profile for an unknown male.

“The evidence in this case never changed, but the seientific ability to use that evidence has
surpassed every hope and expectation of investigators who were first assigned to the case,”
Mr. Conley said.
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The New York Times

DNA analysis of other “animals”

Yeti: Genetic analysis of hair samples
Extinct(?) polar bear attributed to yeti, bigfoot and other
Bigfoot: anomalous primates
Cow 3 g
Bryan C. Sykes', Rhettman A. Mullis®, Christophe Hagenmuller,
Horse Terry W. Melton' and Michel Sartord™®
WOlf/COYOte/d og Vinsitate of Human Genetics, Wo’hfﬁl (obege. Universty of Ouford, (hdord 000 600, WK
Deer Nt oyl J0W,
“Mitstyping Technologies, 2565 Park Center Boulevard, State College, PA 16801, US4
Sheep “Museurs of Tockegy, Palas de Pumine, Lavsanne 1014, Suhoedand
“Meneurs of Toology and Grindel Bocenive, Hamburg 20146, Germany
Raccoon
. I thee first ever systematic genetic survey, we have used rigoross decontaml-
Porcu pine nation followed by mitochondrial 126 RNA sequencing to identify the species
arigin of 30 hair samples attributed to ancmalous primates. Two Himalayan
Human samples, one from Ladakh, India, the other from Bhutan, had their closest

genetic affinity with a Palaeolithic polar bear, Lirsus merritimns, Otherwise
the hairs were from a range of known extant mammals.

Linking genes and traits

¢ To do this, we need to
know something about

— Associations between
genetic markers and
physical traits

— Gene function and
regulation

¢ Bioinformatics tries to
address both topics

Jughead, May 1997 ‘
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150 years ago (1865)

* Mendel presented his “Experiments on Plant
Hybridization”

Versuche iiber Pflanzen-Hybriden.

Led to the Gregor Mendel
particulate theory of inheritance T s T v K o s )
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Selected discoveries since Mendel

e 1950s
— DNA is the genetic material
— The structure of DNA
* 1960s
— The genetic code (DNA => protein)
* 1970s
— DNA sequencing
* 1990s-2000s
— Genome sequencing

Linking genetics and traits
using genomics

* To do this, we need only

— Genome sequence (or a sample of it) for many
individuals

— Selected trait(s) for the same individuals




Sampling genome sequence

¢ Most of the genome is identical between individuals
¢ Let’s concentrate only on the places that are the
most different

Different locations in the genome
L

Single nucleotide polymorphisms

¢ SNPs (pronounced “snips”) because
— Single: were looking at just one genome position
— Nucleotide: DNA letter differs

— Polymorphism: variation occurring commonly in a
population (in at least 1% of individuals)

¢ SNPs can be in a gene or between genes
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But humans (like peas) are diploid
¢ We have 2 genomes, with 2 copies of each
chromosome
e Each SNP can be
— Homozygous (ex: CC), or
— Heterozygous (ex: TG)
SNP1 SNP 2 SNP 3 SNP 4 SNP S
" AA T GG cC GG
- AA ™ GG [ GG
r_ju AA T GG cC GG
° AA T GG cT GC
2 AA T GG cT GC
24 AA ™ GG cr GC
= AG TC GT cr GC
o AG TC GT cr GC
é AG TC GT T GC
a AG TC GT () GC
AG TC GT () GC

Nearby SNPs are associated

* Nearby SNPs tend to stay together during meiosis
¢ As aresult, they tend to be genetically linked

¢ One “tag SNP” can be used to represent a set of linked
SNPs
Genotype block “A” (linked SNPs)  Genotype block “B”

A A
I SNP 1 SNP 2 SNP 3 LI SNP 4 SNPS 1
AA ™ GG cc GG
- AA ™ GG cc GG
E AA ™ GG cc GG
2 AA s GG cr GC
5 AA ™ GG cr GC
£ AA ™ GG cr GC
1 AG TC GT cr GC
< AG TC GT cT GC
2 AG TC GT fas GC
a AG TC GT cr GC
AG TC GT fas GC




Combining phenotype with genotype

e Genotype: use all SNPs or a subset of tag SNPs

¢ Phenotype: whatever trait(s) we want to study (as
long as we think they at least partly genetic)

Genotype block “A” Genotype block “B”
A A
| 11 1

SNP1 SNP 2 SNP3 SNP 4 SNP S Height Lactose
©u AA T GG (e GG tall can digest
g AR T GG (e GG short can digest
o AA L GG cc GG short | intolerant
= AR h GG T GC tall can digest
T AA ™ 66 cr GC i candigest
= AA i GG cr GC short  can digest
c AG TC GT cT GC tall intolerant
< AG T 6T cr 6 short iolerant
& AG T aT o GC W intolerant
a AG TC 6T cr GC short iniplerant

AG TC GT T GC

Tall intelerant

Genome-wide association study
(GWAS)

e Compare every marker (SNP, tag SNP, etc.) to every
trait

¢ Is the trait associated (correlated) with any marker?

Genotype block “A” Genotype block “B”
A A
| I 1

SNP1 SNP 2 SNP3 SNP 4 SNP S Height Lactose
» AR ™ GG cc GG tall «an digest
© AR m GG (== GG short can digest
2 AA L GG cc GG short | intolerant
3 AR T GG cT GC tall can digest
5 AA T GG T GC il can digest
£ AA m GG T GC short  can digest
€ AG TC GT cT GC tall Intolerant
o AG TC GT T GC short  intolerant
Q AG TC GT cT GC 1all intolerant
= AG TC GT cr GC short Inflerant
e AG TC 6T cr GC Wi intolerant
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Interpreting GWAS

* What does it mean that a trait is associated with a genetic marker?
¢ Does the marker cause the trait? More research needed....
¢ Multiple markers can be associated with the same trait

Genotype block “A” Genotype block “B”
A A
| 11 1
SNP1 SNP 2 SNP3 SNP 4 SNP S Height Lactose
" AA T GG (e GG tall can digest
© AA m GG cc GG short can digest
E AA ™ GG cc GG short intolerant
= Al i GG T GC tall can digest
g AA T GG T GC il can digest
= AA i GG cr GC short  can digest
e AG TC GT cr GC il insglerant
< AG TC 6T cr GC o intolerant
& AG T GT T GC tall intokerant
= AG TC 6T cr GC short Inflerant
AG TC GT T GC tall intclerant

Exercise 1

* Perform a small-scale GWAS analysis




The GWAS catalog keeps growing

L1

Every point is
an association
with a trait or
a disease

http://www.ebi.ac.uk/fgpt/gwas/

Resources for genotype-phenotype
interactions

Online Mendelian Inheritance in Man nep://omim.ore

GWAS Cata |Og http://www.genome.gov/gwastudies/

i P heG en I http://www.ncbi.nIm.nih.gov/gap/phegeni/

Cl | nVa r http://www.ncbi.nlm.nih.gov/clinvar/

S N Ped | a http://www.snpedia.com

Taking ethnicity into account

Genotypes have been collected from large-scale projects like
- HapMap http://hapmap.ncbi.nlm.nih.gov
— 1000 Genomes http://www.1000genomes.org

These projects include many populations (“ethnic groups”)
Sample HapMap data for SNP rs1834640

100%
80% GG
60%
40% HAG
20%
0% HAA
YRI JPT CHB CEU

Population

Fraction with
this genotype

What'’s usual for one population may be very unusual for another
population

Exploring
genotype-phenotype associations

¢ Detecting an association is only the first step.

¢ One typically also wants to associate a trait with the choices
of genotypes at that SNP.

¢ SNPedia often reports these, such as for rs671
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Interpreting associations

An association means that the genotype of a marker (like a
SNP) can help predict the presence of a trait, BUT

— The SNP itself might have no effect — it may just be linked to another
DNA element that has the effect

— The effect may be very small
— The association may be present only in certain individuals
— The association may be one of many for this trait

— it may only appear to be present (until other independent studies can
verify it)

What experiment(s) could you design to verify that a SNP
causes some effect?

Exercise 2

* Link the genotype of your DNA sample to
potential traits

Note that this application of genetic association is not currently applied to
forensics.

Summary
One’s DNA can reveal hints about one’s
— physical (and even mental) characteristics => forensics
— medical and disease risks => medicine
— family history => genealogy

A trait can be influenced by many genes (unlike
Mendel’s pea traits)

In the future, how will scientists make this
information even more useful?




