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Lab tomorrow...

AWhat wedl |l do

I Isolate/ precipitate your DNA
INOTa ngenetic testo of

A Please avoid coffee beforehand




Disease genes in the news

A Parkinson's Disease gene is found
I 15 Apr 2004, BBC News

A Gene Increases Diabetes Risk, Scientists Find
I 16 Jan 2006, NY Times

A Gene 'increases Alzheimer's risk’
i 15 Apr 2007, BBC News

A Researchers find big batch of breast cancer genes

eeeeee



Other genes In the news

A Researchers Identify Alcoholism Gene
I 26 May 2004, WebMD News

A 'Fat' gene found by scientists
I 13 April 2007, The Times

A Gene for left-handedness is found
I 31 July 2007, BBC News

AiHas gaypen®® been found
mi ce?0
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€ but t hen t her eod
debateo about Nat

© Original Artist
Reproduction rights obtainable from
wwwy. CartoonStock.com

Well, you walk like a duck, you quack like a duck...
May I ask who brought you up?
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@ and the genes
hol d upeée

A 18 January 2007, ABC News: Scientists
Debunk So-Cal | ed ' Fat Gen

I CNN: Exercise blocks effect of fat gene

A 8 January 2008, NY Times: Breast Cancer
Gene Risk May Be Overstated

eeeeee



Thereods controve
wli th DTC genet.

AJuly 2010 NY Times: A F. D. A. Faul
on Unapproved Genetic

A Walgreens drops its plan to sell
personal genomic tests

\ nonetheless...




e yet

From Oct 5, 2011,
Nature magazine

(Istanbul day 1)

| Nt er est

GENOMES BY THE NUMBERS

Of 1,588 respondents, 289 report having taken a total of
396 genetic tests, ranging from whole-genome sequencing
to testing of a single gene.

For full poll results, visit go.nature.com/9ihtf2

Q Have you had a genome analysis and if not, would you'

Not sure whether Have had a
| would genome analysis
13% 18%

TOTAL
NUMBER
SURVEYED

1,588

Have not/ Would if given
would not the opportunity

4%
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e | Nt er est r e m

Q How important were the following factors in influencing your decision to have a genome analysis done?

Curiosity
Specific health risk 12
G | i infl health | - Discipline
eneral genetic influences on healt . 5 : §-8iology
Genealogical interests . | = Medicine
. g - | = Other
Ancestry
A research project I'm involved in
Not a factor at all» 1 2 3 4 54 Major factor
QWhat types of test or analysis have you had done?
Whole-genome Single nucleotide polymorphism ‘ DINA met \f itio
SeqQUENCE (SNP) array {e.g. 23andMe) ' Other
!Z! mmm
Partial genome Single gene or genes
(e.g. exome) sequenced for research

*corrected for likely reporting errors



Todayos t al

A Basics of genetic inheritance
A Genetics of human diseases
A Nature vs. nurture

A What is the success of identifying genetic
bases to common human diseases?

A What are the benefits & risks to knowing
your ngenotypeo?



Basics of genetic inheritance

AFEamili al resembl ance




Darwin attributed family resemblance

Anl f |

to ngemmuleso

ask myself how yol

place the innumerable gemmules contained

within the spermatozoa formed by a male animal
during 1ts whole | 1Tfe, |
letter to Galton

A Famous Mendel pea experiments had been
done, but Darwin did not know about them.




One of Mohamed NO
high-school errors

A In 10t grade Biology, Mr. Bennett asked:

irnl f you were to cut some
they have kids, would the kid have one or two
ar ms?o

' .
AMohamed wrca_» fitwoo

irnlf you were to cut some
theirr ki dos | eft arm off
generations, would the 215t generation kid have
oneortwoar ms ? ~

AMohamed wr c ") fone o
N



THE REASON

A We have particulate inheritance
I Not simple copy of parents

INot necessarily nmidpoli
I Can have blue-eyed offspring from brown-
eyed parents: traits <ca

I Genetic diseases can crop up

I All this was discovered long before
we knew that DNA carried the code...




Do inant

Gregor Mendel studied
Inheritance in peas

Seed form Seed color Pod form Pod color Flower position Seed coal color  Stem length

ool ¥ =8

Green (G) Axial (F) Gray or Tall (L)
along stem | gray-brown (A)

sl

Yellow (gh Terminal (1) White (&)
on lop

Round (R) Yellow (Y)

Wrinkled {7) Green (y)




Mendel in public view...

Google Search

I'm Feeling Lucky

“Brother Mendel! We grow tired of peas!”
Cartoon by J. Chase,



ldentified simple rules of

Inheritance
True True
Breeding X Breeding All
Green Yellow - Green
Pods N/ Pods Pods
YY VY Yy

Gametes= Y  Gametes= y  Gametes = Yory

Maskingof yellow color by green color copy (Y) is
OFff SR dGR2YAYIl yOS¢ 2

Green (YY) islominant, yellow (y) isrecessive



What happens when breed
F,S?

AYy are called
Nheterozy
since have both S,
alleles.

Nl-l <

gametes

Nl-s <

A Can use Punnett
square to follow
Inheritance.

:1 . yellow
green: 1 W yellow

Mendel got 428 green, 152 yellow peas from this cross.



e but Mendel 6s r u
to hold consistently?

Intermediates Continuously varying traits
; X é%
[ | |

(line of beli-shaped
curve indicates
continuous variations
in population)

number of individuals




Resolution-ear | vy 19

A LOTS of genes contribute to variation in
each trait, with each gene being inherited
INn the manner Mendel described.

A This explains the continuous distributions.

A Not all are dominant- many do show
iIntermediacy when have two different
forms



Fictional (simplified) example:
6 genes for nh

Person: 1 2 3 4 5 6 7

Genel AA aa Aa Aa aa Aa AA
Gene2 Aa Aa AA Aa Aa aa AA
Gene3 AA aa Aa AA Aa Aa AA
Gened4d Aa Aa Aa Aa Aa AA AA
Gene5 Aa aa Aa AA Aa Aa Aa
Gene 6 aa aa aa Aa AA Aa Aa
Height 56706 5620 568056660 50

Hei ght i n inches = 50600 +
Hence, r ainégte0 6 6 0 0

number of individuals




Genes inherited on 23 pairs of
t hreads call ed nc

many genes on

them INLXX G XK M
KK kK ‘k‘k H‘L KK XK

10 11 12

A Very |0ng_ have g HUMAN CHROMOSOMES

A One odd pair: X/Y

I Cause one to be
male or female

ﬂ\ A% X¥ XA XX AR

14 15

XK XA XX xx Bz

19 20 21 22 %23y




Genes themselves made up of
building blocks

A Blocks comes in 4 -
formS T, A, G, C B Guanine (G
(] Cytosine C
A Average # building
blocks per gene: 3000
A Variation in how peas
look (yellow vs. green) is
caused by differences
among individuals in
these blocks
(e.g., a nNnCo a 5

| nhstead of an




Single gene traits vs.
multiple gene traits

A Very few traits are solely caused by one
gene

| PTICtaste: 70% of people can t a
I ACTIVITY: which traits did you inherit?
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|l nheri tance of t hi s



Free or attached earlobes




Clasp hands together




NHI tchhi ker 6s ¢




Wi dowoOs peak vs.




Dimpled chin







Single gene traits vs. multiple
gene traits

Aé b mdst traits that people even discuss
as single gene are not single gene traits

I Eye color
I Halir color

A Lots of contributing genes, some with
bigger effects, many with small effects



Todayos t al

A Genetics of human diseases
A Nature vs. nurture

A What is the success of identifying genetic
bases to common human diseases?

A What are the benefits & risks to knowing
your ngenotypeo?



Human genetic diseases

A Some genetic diseases are from problems
In Inheritance:

I Down syndrome (3 copies of chromosome 21)

ANot our focus [y yy

1 2

PIYRIERY
{| H )} W {5

o @)



Human genetic diseases

A Sickle cell anemia
A Lactose intolerance

A Color blindness




Other human diseases have
large genetic component

A Heart attack risk
A Diabetes

A Various cancers
AAl zhei mer 8 s
A Arthritis

A Atherosclerosis

ASee as firunni ng



What are these diseases really?

ANo gene fAfunct i orfPPCCICETCCACHGH
disease l

I Would never spread.

D ACACCTGGTCGATGGG
Al nstead result Miscisd  Unaffected
diner ainer

disrupt the normal function of a

gene

I e.g.,toform a proper eye

phot oreceptor Dd

A If the bearer of the mutation lives ,, d Tl T d

and reproduces, the mutant form is O O

@ L
passed on to kids 1 ’ @ @

AfTected Aftaied Unaflectad Wizilecied



Vd

€ and most genet|
NOT dominant

1!

Affacted Unaffected
Father Mother

Father Mother
(Carrier) (Unaffected)

D d d d dd D d dd d d
Alfected Aftacind Unafiectad Unaitected Catrier Carrier Unaffected Unaffected
Dominant Same example- mutation not dominant

~

ANDO form causes di sea



M-

and most genet |
NOT dominant

Father Mother Father Mother
(Carrier) (Carnier) (Carner) (Unaffected)
D d Dd
DD O d D d d d D d d d d d

O & & O . & O O
affected Catriet Carrier Unaffected Carner Catnier Unaffected Unaffected

Same example- mutation not dominant
Same example- carrier x carrier

ANDO form causes di sea



e and most

NOT dominant

1?

I:II:I D d D d d
affected Carer Carner Unaffected

Same example- carrier x carrier

Father hiother
(Carrier) (Carnier)

ACan be
for disease

genet |

a n

without displaying

A Can have kids
with disease even
If neither parent

displayed it

AnDO form causes

di s ea



People bei ng ncarr.i
diseases iIs thought to be the main
reason for inbreeding avoidance

A Nearly everyone is probably a carrier for some
non-ideal conditions/ diseases

A Breeding with relatives increases odds that the
kids will have disease

A ~2% more likely to have kids with serious
disease if with your cousin

\
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Where do these mutations
come from?

A Errors in replication of genes
d ACACCTGGTCGACGGG

A3 billion Aletterso in htlman

genome D ACACCTGGTCGATGGG

A Mutation rate: 2 per 100 million
letters per generation

I 60 changes between parent and
offspring!

A-~1-2 detectably aff

A Some treatments induce higher
mutation rates (e.g., UV light,
chemical exposure)



Hollywood versions

| Super powers and/ or disfigurement




Most mutations probably far
more subtle

A Slight developmental defects- perhaps not
even visible externally

A Some cause changes in production of
enzyme or hormone

A Very often, effect may not be noticeable
unless have multiple risk mutations and/ or
specific environmental condition




Typically, need many risk
mutations together

A Multiple factors Vs
contribute to
atherosclerosis:

A Some mutation =g
combinations s
associated with higher
risk, but no mutations

alone caused high risk

Si mple genetic asso



Todayos t al

A Basics of genetic inheritance
A Genetics of human diseases
A Nature vs. nurture

A What is the success of identifying genetic
bases to common human diseases?

A What are the benefits & risks to knowing
your ngenotypeo?



There 1s no either-or debate of
Anatureo Vs

A For almost any trait one looks at, the
answer Is unambiguously BOTH

Nature versus Nurture

MNature or Genes ':: Murture or Environment

Yulnerahility and

. Social suppoart,
resistance genes

family environment, trauma

Persistence of stressors, —
Megative environment, & Stable home environment & social
frauma ervironment, psychiatric care for trauma

ar no trauma, calm caregivers
*

Development of depressian Wellness, good adaptation

ar anxiety problems despite trauma




Concept of nhe

A Some traits are much more heavily influenced by
genetics (Anatureo)

I Facial features

A Some traits are much more heavily influenced by
environment (Anurtur eo)

I Language ability
A Many traits have strong influences of both

I Obesity
A The relative contribution of genetics (0-100%) to
a trait I s called nherif



Vd

e and even more ¢

A Heritability varies
across traits

A Heritability varies
among
populations & " Heritability
across time

. Genes

.Environment

1.0

A Interactions with environment

- Inherit sensitivity to environment risks
ASkin color/ risk of UV damage or cancer



RECAP:

A While some diseases are fully inherited
(e.qg., sickle cell anemia), many others
have just some genetic component

A Often involve many genes

A Heritability of these diseases is often low
I Often substantial environmental factors

A Associations with any genetic component
often Indirect




Todayos t al

A Basics of genetic inheritance
A Genetics of human diseases
A Nature vs. nurture

A What is the success of identifying genetic
bases to common human diseases?

A What are the benefits & risks to knowing
your ngenotypeo?



Typical way to test:
Nnassocl ati on s

A Goal: find gene variants associated with
disease

A Two broad designs:
I Family-based association studies
I Population-based association studies

A In association studies, looking for strength
of association between variants at a
position in a gene and the disease




Principle:

AGenes finear by o Gamgetrpation

other on chromosomes
tend to be inherited
together

A If see an association
between a gene variant
and disease, then itis
either the causal or
Acl oseo to

C

(

Parental Recombinant Recombinant Parental



Associlation studies

A In association studies, looking for strength
of association bet wee
part of the genome and the disease

Individual 1 C CAGCTTTTCAGCGAGCABGECTAGGG sick
Individual 2 CTAGCTTTTCAGCGAGCAGG AGGCTAGGG sick
Individual 3 CTAGCTTTTC GGCGAGCAGGGGGCTAGGG OK
Individual 4 CTAGCTTTTCAGCGAGCAGGGGGCTAGGG OK
Individual 5 C CAGCTTTTCAGCGAGCAGGGGGCTAGGG OK
Individual 6 CTAGCTTTTCAGCGAGCAGG AGGCTAGGG sick
Individual 7 CTAGCTTTTCAGCGAGCAGGGGGCTAGGG OK



Approaches

AHave a Aiguesso which gei
and look at letter variants within those genes

I For example, look at lactase gene for lactose
Intolerance

A Look at spots spread across the entire genome-
because of recent technological improvements,
can examine ~1 million letters simultaneously!

iAiShotguno approach:

SSSSSSSSS
eeeeeeeeeeeeeeeeee



Family-based designs

A One way is to compare affected and non-
affected siblings, to find gene variants
disproportionately associated with the
affected sibling across multiple families.

Hypothetical example:
Among families with kids having
Adrenoleukodystrophy (ALD)

Af fected siblings:
Unaffected siblings:




I Type 1 Diabetes Patients l Controls

ity
TR TIRARSA
AR RAN T




How well has it worked?

/9

AN

(S

V

H'.' CHRE R E:..I

“Scientists have isolated the gene that
makes scientists want to isolate genes.”




Many assocl atil ons

ANational Il nstitutes ¢
Online Mendelian Inheritance in Man®

I Began as books showing heritable disorders
Il n the 19600s

I Now searchable online: >12000 genes!

Search | OMIM

Entrez

OMIM

Search OMIM
Search Gene Map
Search Morbid Map

Help
OMIM Help
How to Link

FAQ

Numbering System
Symbols

How to Print

Citing QOMIM
Download

NCBI

All Databases

OMIM B i
= Haopkins
Online Mendelian Inheritance in Man s University
PubMed Nucdlectide Protein Genome Structure
¥ [for lupus Save Search
[ Limits | Preview/ndex | History | Ciipboard | Details |
Display | Titles ~| Show |20 +| Sendto &
( All: 206 | OMIM UniSTS: 36 | OMIM dbSNP: 41 (%]
Items 1 - 20 of 206
J1:2152700
SYSTEMIC LUPUS ERYTHEMATOSUS; SLE
EXCESS LYMPHOCYTE LOW MOLECULAE. WEIGHT DNA, INCLUDED
Gene map locus 1g4l-g42. 16pl3.3. 1g23. 1g23. 13932, 1g22. 12924 11gl4. 1pl3. 6p2l.3. 4922 q24 4pl6pl32 3p2l.3p2l2 2937.3
(2:2601744

SYSTEMIC LUPUS ERYTHEMATOSUS, SUSCEPTIBILITY TO. 1; SLEE1
SYSTEMIC LUPUS ERYTHEMATOSUS. RESISTANCE TO, 1. INCLUDED
Gene map locus 1g4l-g42 1g4l-g4?



New associations every month:
From: September 2011 Nature Genetics

A Common variation near MLLT10 influences
meningiomarisk pp825-827

A Analysis of genome-wide association studies of
asthma in ethnically diverse North American
populations pp887-892

A Genome-wide association study identifies three new
susceptibility loci for adult asthma in the Japanese
population pp893-896

A A genome-wide association study identifies two new
risk lociforGr aveso @p897€0@ls e



Soée we know a | ot

A A few cases have held up very well

I ~12% of women in the general population will develop
breast cancer, compared with ~50% of women with
altered BRCA1 or BRCAZ2

I Currently being used extensively to evaluate risk

A The vast majority have not done so well
I Not repeatable in later studies

| Effects associated with gene negligible- increase
odds of disease by 3% or less



Example

A 1/8 (~12%) of women get breast cancer

A Known mutations in FGFR2 gene
associated with increased risk of breast
cancer

.
:
" Homozygote ff: ~60% higher, so ~19% risk

AN

L et 0s cal l N il R1BYMslka nt O
Heterozygote Ff: ~20% higher, so ~15% risk

-----

)\)B‘l')"
f L4



Usefulness, even In this case?

A You meet someone who you discover has an FGFR2
mutation

AAssume youdre FF, Your pr opc

A What is the probability that your daughters could get

breast cancer? 0

FF: 12%
Ff: 15%
ff: 19%




Why are associations weak?

A Familial-inherited diseases not genetic
A Genetic effects are just that small

A Many variants within gene cause same
effect

A Interactions between genes
A Interactions with environment

ADi dnét find the dAri gt
gene)



\ Type 1 Diabetes Patients [ Controls l

’t't't,’t’u .'.'.*.,’.'

' = HLA DR4 ’ = non-HLA DR4



NG
NC
Nneo
NC
NC
NC

NC

Multiple rare variants within a
gene individually cause risk

IVIO
IVIO
IVIC
IVIO
IVIO
IVIO

IVIC

ua
ua
ua
ua
ua
ua
ua

Hypothetical example

1 AA TAGCTAGCAGT OK

2 AAGAGCT
3 AAGAGC]
4 AAGAGCT

'AGCAGT OK
'AGCAGT OK
'AG  TAGT OK

5 AAGAGCT
6 AAGA

TAGCAGT OK
ACTCGCAGT sick

/A GGAGCTAGCAGT  sick

|

Y



Multiple gene variants needed
together for risk

A Variants of genes
lymphotoxin-
alpha and
methylene-
tetrahydrofolate
reductase
together
assoclated with
atherosclerosis: Neither by itself!




Summary:

A Many heritable components of diseases
have been identified

A In a few cases, genes with strong effects
identified: breast cancer BRCA1/ BRCAZ2

A In most cases, fleetingly small effects have
been identified

I For example, increase risk of disease by 1%



Todayos t al

A Basics of genetic inheritance
A Genetics of human diseases
A Nature vs. nurture

A What is the suceess of identifying genetic
bases to common human diseases”?

A What are the benefits & risks to knowing
your ngenotypeo?



Easy to get lots of data

A Lots of companies do this for under $200

A User sends them swab of DNA (from
Inside of cheek or spit)

AThey send user theiir
2 million spots of genome, and tell which
are associated with disease predisposition

\ | Q) sag= illumina

Noviaon Ve
avigenics % Knome'



What can we do with this
Information?

A Personalized medicine
I Begin treatments/ monitoring early

I Know specific medicines more likely to work
for you (pharmacogenomics)

I Pre-emptive surgical removals (e.g., ovaries)

ABe figpatoi veod with envi
components

I If know predisposed to diabetes, extra care to

“exercise, watch weight, limit sugar intake 1




Pre-emptive surgeries

A 2008 study showed ovarian removal
reduced cancer risk in women with a
BRCA2 mutation by 72% while breast
removal reduced by >90%

I Pre-emptive action (or knowledge) is scary:

of 275 female patients from families known to
carry BRCA mutations, only 48% were willing
to undergo genetic testing

APeopl e dono6t want

/{/ ( /;,«/ N
P ‘)
. |




€ b wd guaranteesé

A Can take drastic actions and still get
disease

A May take no actions and never get the
disease

AAThe




Vd

e and most o f t he
tell you a who

A Effect sizes for all but a few mutations
known are <3% of total risk

ASome may even be fAwrc
causal mutation Is not the one surveyed-
can get false sense of security or
Insecurity

Let 6s | ook at pdat




Personal genotypel!

A Trait: Asthma
A General prevalence: 5-7% of US adults

A One variant associated: rs7216389
(17921)
I Risk allele: T
I M Noor genotype: T/T

A Risk increase is 45%
I From 5-7% to 7-10% risk

A 23% of Europeans are T/T! 4/ 2
A




Personal genotypel!

Plagpue
l

A Trait: ngh cholesterql (__E"
A Three variants associated ——

I Risk variant marker 1: C (reduces cholesterol)
AM Noor genotype: A/CT GOOD!
I Risk variant marker 2: A (increases
cholesterol)
AM Noor genotype: C/C 7 NEUTRAL

I Risk variant marker 3: C (increases
cholesterol)
AM Noor genotype: C/ICi BAD é



23andMe Sample Data

Account Help Blog | Log out

23andMe Search

Y¥ou do not have a genetic profile yet. You are viewing data for the people who have shared with you. To see your own genetic data, order your Fersonal Genome Semnvice now.

disease risk

Inbox
My Health
_ _ Show results for ‘chnsmith - See new and recently updated reports »
P Disease Risk
Carrier Status x 23andWe Discoveries were made possible by 23andMe members who took surveys.
Drug Response Elevated Risk
Traits
Health Labs Hame Confidence Your Risk Avg. Risk Compared to Average
Age-related Macular Degeneration 11.3% 7.0% 1.61x =
My Ancestry 9 ' g
Maternal Line Restless Legs Syndrome 5.2% 4. 2% 1.24x 0
Paternal Line
Type 1 Diabetes [update 2.5% 1.0% 2.48x H
Relative Finder
Ancestry Painting Celiac Disease 0.7% 0.2% 3.09x i
Global Similarity
! Lupus (Systemic Lupus Enghematosus) O 0.4% 0.2% 1.69x i

Ancestry Labs
Esophageal Sguamous Cell Carcinoma

Sharing & Community (ESCC) 0.08% 0.07% Tame
Compare Genes Stomach Cancer (Gastric Cardia ) \
Family Inheritance Adenocarcinoma) 0.08% 0.07% 1220 4
23andMe Community

Alopecia Areata ek +

Genome Sharing
Bladder Cancer L % 4 +*



23andMe
Sample
Data

Your Genetic Data

Show information for  John Smith

John Smith
11.3 out of 100

people of Eurcpean ethnicity
who share lohn Emith's

| genctype will develop

Age-related Macular

. [Degeneration between the ages

of 43 and 79.

| Average

7 out of 100

. people of European ethnicity

will develop Agerelated

; Macular Degenerstion betwesn

the ages of 43 and 72.

Genes vs. Environment

45711 %
Attributable to
Genetics

Marker Effects

2-fold _
Increased Risk

Average Rizk

2-fold |
Decreased Risk

-

assuming European

wWhere's mine?

- ethnicity and an age range of 43-79 |+

What does the Odds Calculator show me?
Usze the ethnicity and age range selectors above to see the estimated

incidence of Age-related Macular Degeneration due to genetics for someone

with John Smith s genotype. The 23andMe Odds Calculator assumes

that a perzon is free of the condition at the lower age in the range. You can

uze the name selector above to see the estimated incidence of Age-related

Wacular Degeneration for the genotypes of other people in your account.

The 23andMe Odds Calculater only takes into account effects of markers with

known azsociations that are also on our genotyping chip. Keep in mind that

aside from genetics, environment and lifestyle may also contribute to one’s

chances of developing late-stage AMD.

Estimates of the heritability of AMD wary from 45% to 71%. Thiz means that genetic factors contribute at least as

much as environmental factors do to risk of AMD. Genetic factors that play a role in ANMD include known factors,

such as the SNPs we describe here, and unknown factors. Established environmental risk factors include age,

family history of AMD, cigarette smoking, low dietary intake or blood levels of antioxidant vitamins and zinc, and

European ancestry. Other possible risk factors may include being female, having light-celored irises, a history of

cardiovascular disease, or increased exposure to sunlight. (seurces)

_'\?
§
g

Ceyy

What does this chart show?

The chart shows the approximate effects of the
selected person's genotype at the 3 reported
markers. Higher, red bars indicate increased risk
from the average, while lower, green bars indicate
=k from the average. The light gray bars
show the maximum possible effects for the possible

genotypes at the marker.



ancestry painting

Trace the ancestry of your chromosomes, one segment at a time. Last updated April 23, 2008

Chromosome View
2 3 a I l d M e @ Solid segments indicate that both chromosomes come from the same geographic region. See a Cambodian Woman's painting.
Dual-colored =egments indicate chremesomes from different gecgraphic regiens. See an African American Man's painting.

—
I Gray segments indicate regions where 23andMe’s genotyping chip has no markers.

Sample e Lot fr

! e—— ey | DN e o9

? G Africa  <1%
5 I
| | Asia 0%

4 (I

5 G Worldwide Examples

& Click on the icons in the map below to see example
. paintings of individuals from across the globe.

L3 |
& QI -
]
¢ -0 i Aa i
[ ]
10 G [
11 ) D
12 QD
12 Tell Me About
14 _ ...uging Ancestry Painting.
15 LD ...the three reference populations.
...why only three populations are used.
16 (Y ...the people linked to my account.
why it says 'm European/African/&sian when I'm really
17 an American/&ustralian/South African.
18 ...how the percentages are calculated.
L ...where the X and ¥ chromosomes are.

19
20 G
21



