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105 Stanley Hall

Joe Palca (NPR)-Moderator

Introduction: Ed Penhoet
(UC Berkeley): Genomics and Society

ler Institute for Integrative Genomics, Princeton)
Jasper Rine-Discussant

‘Human Evolution: Svante Pasbo
(Max Planck Institute for Evolutionary Anthropology, Leipzig)
Tim White, Dan Rokhsar-Discussants

Infectious disease: Jean-Laurent Casanova
(Rockefeller University, New York)

Language: Karin Stromsw
(Rutgers University, Department of Psychology, New Brunswick)
Den Geschwind, Mare Feldman-Discussants

Genetics of psychosis: David Porteous
[ tedicine Centre, Edinburgh)
ox, Bob Knight-Discussants

Genes and human nature: Lewis Wolpert
(University College, London)
Alta Charo, Sam Barondes-Discussants

Closing remarks: Sydney Brenner
(Salk Institute, La Jolla and UC Berkeley)

Office hours
3-4pm Wednesdays
304A Stanley Hall

QUIZ: Nov. 20, 21, 24
Covers material through lecture Nov. 17

More realistic situation: in dad,
phase of alleles unknown

or (a) Unusual phen: “Normal phenotyp:
(six fingers per hand) ~ (five fingers per hand)

Al d
Al d —

[— o A1l d
Az D bkl

A2 e - -
Genotype for marker

Dad phase unknown

oddsratio = 1/2[(1-r)" « rK] + 1/2[(1-r)" = K]
.5 (total # meioses)

What single r value best explains the data?




For this, you need to search r’s.
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Linkage of Late-Onset Fuchs Corneal Dystrophy to a
Novel Locus at 13pTel-13q12.13

Olof H. Sundin,' Albert S Jun,' Karl W. Broman,® Sammy H. Liw," Siobban E. Shecban,
Elizabeth G L. Vito, Waller J. Stark,’ and Jobm D, Gotisch'

What does the “max” in “max LOD score” refer to?
A. The strongest-linking marker

B. The most probable recombination fraction

C. The most severe phenotype

Remember?
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Max LOD score is the one from the best r value




Modern genetic scans

(single family)

max LOD score
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What is the simplest explanation for so many tall black lines

around Chr 13?

A. Multiple markers in the region, which makes LOD higher
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What is the simplest explanation for so many tall black lines
around Chr 13?
A. Multiple markers in the region, which makes LOD higher

B. Multiple markers are all linked to a single disease mutation B. Multiple markers are all linked to a single disease mutation
C. Multiple mutations on Chr 13 cause the disease C. Multiple mutations on Chr 13 cause the disease
@ D. Higher LOD is counted by the number of linking markers D. Higher LOD is counted by the number of linking markers
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Location of a Major Susceptibility
Locus for Familial Schizophrenia
on Chromosome 1q21-q22

Linda M. Brzustowicz.'2* Kathleen A, Hodgkinson”
Eva W. . Chow." William G. Honer, Anne 5.

. Position (cM;
(Smooth curve = inferred (et
it Location of a Major Susceptibility
genotype at positions Locus for Familial Schizophrenia
between markers) on Chromosome 1q21-22

Linda M. Brzustowicz.'2* Kathleen A. Hodgkinson”
Eva W. C. Chow.™ William G. Honer,* Anne
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Position (cM)

Location of a Major Susceptibility
Locus for Familial Schizophrenia
on Chromosome 1q21-q22

Linda M. Brzustowicz.'2* Kathleen A, Hodgkinson”
Eva W. . Chow." William G. Honer, Anne 5.

But...

(779 small families or sib pairs)

No Major Schizophrenia Locus
Detected on Chromosome 1q in
a Large Multicenter Sample

Douglas F. Levinson,'* Peter A. Holmans,? Claudine Laurent,
Brien Riley,* Ann E. Pulver,” Pablo V. Gejman,
sibylle G. Schwab,” Nigel M. Williams, Michael J. Owen,*
Dieter B. Wildenauer,” Alan R. Sanders,® Gerald Nestadt,”
Bryan ). Mowry,”'® Brandon Wormley,* Stéphanie Bauché,”
Stéphane Soubigou,'’ Robert Ribble,* Deborah A. Nertney,”
Kung Yee Liang,'? Laura Martinolich,” Wolfgang Maler,”
Nadine Norton,” Hywel Willlams, Margot Albus,"

Eric B. Carpenter.,® Nicola deMarchi,' Kelly R. Ewen-White,'®
Dermot Walsh,'® Maurice Jay,” Jean-Francois Deleuze,’

F. Anthony O'Neill,'” George Papadimitriou,’®
Ann Weilbaecher,® Bernard Lerer,'® Michael C. O'Donovan,”
Dimitris Dikeos,'® Jeremy M. Silverman,? Kenneth S. Kendler,*
Jacques Mallet,” Raymond R. Crowe,”' Marilyn Walters™?

Why would an experiment fail
to observe linkage?

Marker density matters

Chromosome 7

| : Try to minimize genotyping
{ cost.

But if the only marker you test
is >50 cM away, will get no

i linkage.

Band 7q31 ; CF




Number of families matters

If low number of patients, no statistical
significance.

Improper statistics

Can make noise look like a fabulously
significant linkage peak.

Locus heterogeneity
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Locus heterogeneity
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Age of onset in breast cancer

Table 1. Lod scores for linkage of breast cancer to D17574, chromosome
17q21. For each family, M is the mean age of diagnosis of breast cancer.
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Table 1. Lod scores for linkage of breast cancer to D17574, chromosome
. . 17q21. For each family, M is the mean age of diagnosis of breast cancer.
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able 1. Lod scoces o linkage of beas cance 10 DI7S74, chromosome
l7q21 For cach family, M is the mean age of diagnosis of

Recombination fraction Za
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" Only early-onset families show linkage.
Familial breast cancer is heterogeneous

Linkage of Early -Onset Familial Breast Canc 22
Chromosome 17q21

Jare M. e Mive K- Las, et v, I - Morsow:
Auptnson, Biva Hoes, Maks-Clarss Kin




Locus heterogeneity
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A landmark: BRCA1

he New ork Simes

December 25,1990

Some Genetic Pieces Are Falling Into Place In Breast Cancer Puzzle

By NATALIE ANG!

R

BREAST cancer is a complex disease that simmers for years, as one mutation after another hammers away ata breast cell and gradually destroys all
brakes on it growth,

Now scientists report significant progress in understanding two of the important steps in the malevolent process: the inborn genetic defects that can set
the sage fo beat cance it st lao; and th dead moment when a iy chmp of umorcels wrest e of s confiement and begins o invade
surrounding breast tssue and the b

“It may be too early to lay out a clear, orderly plan of how one goes from a normal breast cell to 2 malignant breast cell," said Dr. William L. McGuire,
ine and chief of medical oncology at the University of Texas Health Science Center in San Antonio. *But when you consider that it
abig puzzle, s impressive that some pieces are beginning to fall into place.”

I paper i the cument s of e Jouml Scince, esearcers fom he Universiy of Clfornia s Bekeley sid ey had discovered s seion o one
me that i strongly linked o the carly development of breast cancer. Women who inherit a defect i this chromosomal spot have 2 high risk of
Comacung e cances et i age of 13, a0 o Wi have o L Enan i b BASs, t ecareners s

More breast cancer FYI
(see lecture 9/15)

BRCA1 and 2 FYI

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

LGSR R Mutant Alleles of These Tumor-Suppressor Genes Decrease the Accuracy of Cell

Reproduction*
Normal Function of Gene (if known), or

Gene Disease Syndrome Resulting from Mutation Function of Normal Protein Product
ps3 Controls Gy-to-5 checkpoint Transcription factor
8 Controls Gy-to-S transition Inhibits a transcription factor
ATM Controls Gy-to-S phase, and Gy-to-M checkpoint DNA-dependent protein kinase
8s Recombinational repair of DNA damage DNARNA ligase
XP Excision of DNA damage Several enzymes
hMSH2, hmLH1 Correction of base-pair matches Several WS
FA Fanconi anemia Unknor
BRCAT Repair of DNA breaks Unknown
BRCA2 Repair of DNA breaks Unknown

*Many tumor-suppressor genes have been associated with a specific function in the cell cycle necessary for accuracy of cell division,

Table 19.5
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+ Only ~10% of breast cancers are hereditary
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families with multiple affecteds (1990, 1994)
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BRCA1 and 2 FYI

+ Only ~10% of breast cancers are hereditary

« Different from sporadic: age, histology, sex

+ BRCA1 and BRCAZ2 found from linkage analysis of
families with multiple affecteds (1990, 1994)

+ BRCA1 or 2 mutation = ~80% likely to get disease




BRCA1 and 2 FYI

Only ~10% of breast cancers are hereditary

Different from sporadic: age, histology, sex

BRCA1 and BRCAZ2 found from linkage analysis of
families with multiple affecteds (1990, 1994)

BRCA1 or 2 mutation = ~80% likely to get disease

Somatic mutations in the
BRCA1 gene in sporadic ovarian
tumours

Sofia D. Merajver', Trinh M. Pham', Rosemarie F. Caduff’, Martha Chen',
Ellen L. Poy’, Kathleen A. Cooney', Barbara L. Weber’, Francis S. Collins’,
Carolyn Johnston* & Thomas S. Frank*

The BRCAT gene on chromosome 17G21 is responsible for an autosomal dominant
of increased susceptibiiity to breast and ovarien cancer but no
mutations in tumours have yet been described. Tosmaylhooomﬂl.lmlaoﬂﬁmhn
carcinogenesis, we analysed the genomic D! and normal fractions
aammhmhmfwm-n»m ‘conformation
mutations in the DNA of four

mmmmmb—mmmymmomm-mv intragenic marker. Our
p. 420 data support a tumour suppressor mechanism for BRCA1; somatic mutations and LOH
may result in inactivation of BRCAT in at least a small number of ovarian cancers.

Even familial form is more than just
BRCA1 and 2

A recurrent mutation in PALB2 in Finnish cancer
families

Hannele Erkko'", Bing Xia™, Jenni Nikiila', Johanna Schleutker’, Kirsi Syrjgkoski’, Arto Mannermaa’,
Anne Kallioniem’, Kati Pylkis', Sanna-Maria Karppinen’, Katrin Rapakko', Alexander Miron’, Qing Sheng’,
Guilan Li", Henna Mattila’, Daphne W. Bell"t, Daniel A. Haber', Mervi Grip’, Mervi Reiman',

Arja Jukkola-Vuorinen’, Aki Mustonen', Juha Kere™"", Lauri A. Aaltonen’, Veli-Matti Kosma', Vesa Kataja"',
Yiermi Soini’, Ronny I. Drapkin’, David M. Livingston” & Robert Wingvist’

BRCAL, BRCA2 and other known susceptibility genes account
E s

. ;! 12 10 he
covered. Recently & new BRCA2-binding protein, PALB2, was
dentifed". The BRCAZ-PALB? interaction 3 crucal for certain
key BR

suppresion activity'. Here we show, by screening for PALE2
mutations in Finland that s frameshift mutation, c.1592delT, is
present at significantly elevated frequency in familial breast
Cancer cases compared with ancestey. matched populstion con-
trols. The truncated PALB2 protein caused by this mutstion

logous recombination snd croslink repsir, Further screening of
C15924elT in unselected breast cancer individuals revesl
roughly fourfold enrichment of this mutation in patients com-
pared it contels. Mot of the tationposie unselcid
s b familil e of disas developmen. n wiio,

s maligencraional prostte cance fmily dot sgregaied
15524 truncation slle was abseeved. These resuls o
that bly
mutant form, may also contribute to familial prostate cancer
development.

Multiple causes = hard to find
any one cause

In the limit of studying a single family with
severe disease, more likely to find one strong
locus.

But hard to find such families, and
segregating allele may not be relevant for
chronic/common disease.

Significance cutoff

(single family)

\

max LOD score

1 50 100 150 200 250 f 300 350 399
marker number chr3
of Late-Onset Fuchs Corneal Dystrophy to a
Novel Locus at 13pTel-13q12.13
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Rule of thumb: don’t believe
linkage unless odds > 1000.
Why?

LOD scores

r = genetic distance between marker and disease locus
Odds = P(pedigree |r)
P(pedigree | r = 0.5)

= (1_r)n o rk
0_5(total # meioses)

LOD scores

r = genetic distance between marker and disease locus
Odds = P(pedigree |r)
P(pedigree | r = 0.5)

- (A-r)n o 1k r odds
0.5 total # meioses) 0.1 12.244
0.2 10.737
0.3 6.325
0.4 2.867
0.5 1

Coins

r = intrinsic probability of coming up heads (bias)
Odds = P(your flips | r)
P(your flips | r = 0.5)
= (1) » 1
0. 5total #fiips)

10



Coins

r = intrinsic probability of coming up heads (bias)

~

Coins

r = intrinsic probability of coming up heads (bias)
~__ Rawdata are

Odds = P(yourflips|r) Odds = P(yourflps[r) coin flips
. ™ Unknown we seek T — (analogous to a
P(yOUI’ f|IpS | r= 0-5) is “fairess” of a P(your f|IpS | r= 0.5) pedigree)
_ coin (analogous to _
- (A=) e v recombination = (1-r)n e r
0. 5(total # flips) fraction) 0. 5total #fiips)
Coins Coins

r = intrinsic probability of coming up heads (bias)
Odds = P(your flips | r)
P(your flips | r = 0.5)
= (1_r)n o rk
0_5(total # flips)
Odas ratio of
model that coin

is biased,
relative to null

r = intrinsic probability of coming up heads (bias)
Odds = P(your flips | r)
P(your flips | r = 0.5)
= (1) » 1
0. 5total #fiips)

If you do 10,000 flips and 7,000 are heads, what do you expect for r?
A 0
B. 0.7
C. 05
D. 1

11



Coins Coins

Take out a coin and flip 4 times.

Want to find intrinsic prob of heads (analogous to
recombination fraction).

How many heads? With only 4 data points, can’t use %2 (analogous to a
small family).
®
r = intrinsic probability of coming up heads (bias) r = intrinsic probability of coming up heads (bias)
2 heads 2 heads
r odds r odds
Odds = (1-r)nerk o l° Odds =  (1-r)er* o o
N _— 0.1 0.1296 N _— 0.1 0.1296
\ 0_5(total # flips) 02 04056 u‘ 0_5(total # flips) 02 04056
0.3 0.7056 ‘ 0.3 0.7056
0.4 0.9216 0.4 0.9216
05 |1 @ 1
\ 0.6 0.9216 ‘ 0.6 0.9216
Odds ratio of ) 07 0.7056 Odds ratio of ) 07 0.7056
model that coin o8 04056 model that coin o8 04056
is biased, is biased,
relative to null 08 |01 relative to null 08 |01
1 [ 1 [




Coins

r = intrinsic probability of coming up heads (bias)

Odds =

0_5(total #flips)

(1-r)n e rk

2 heads

r odds

0 0

0.1 0.1296

0.2 0.4096

03 0.7056

0.4 0.9216
@ 1

0.6 0.9216

07 0.7056

0.8 0.4096

0.9 0.1296

1 0

observed rate is

solution

best numerical

Coins

r = intrinsic probability of coming up heads (bias)

3 heads
v odds,
0 0
01 | 00144
02 |o0.1024
03 | 03024
04 | 06144
05 |1
06 | 13824
(07) [16464
08 | 16384
09 | 1.664
1 [

Coins

r = intrinsic probability of coming up heads (bias)

Coins

r = intrinsic probability of coming up heads (bias)

0 heads 1 heads 2 heads 3 heads 4 heads
r odds r odds r odds r odds r odds
0 16 0 0 0 0 0 0 0 0
0.1 10.498 0.1 1.1664 0.1 0.1296 0.1 0.0144 0.1 0.0016
0.2 6.5536 0.2 1.6384 0.2 0.4096 0.2 0.1024 0.2 0.0256
03 3.8416 03 1.6464 03 0.7056 03 0.3024 03 0.1296
0.4 2.0736 0.4 1.3824 0.4 0.9216 0.4 0.6144 0.4 0.4096
05 1 05 1 05 1 05 1 05 1
0.6 0.4096 0.6 0.6144 0.6 0.9216 0.6 1.3824 0.6 2.0736
07 0.1296 07 0.3024 07 0.7056 07 1.6464 07 3.8416
0.8 0.0256 0.8 0.1024 0.8 0.4096 0.8 1.6384 0.8 6.5536
0.9 0.0016 0.9 0.0144 0.9 0.1296 0.9 1.1664 0.9 10.498
1 0 1 0 1 0 1 0 1 16

0 heads 1heads 2 heads 3 heads 4heads

v odds v odds v odds v odds v odds
16 0 0 0 0 0 0 0 0

01 | 10498 01 | 11664 01 |o1z2e6 | [o1 [ootaa | [o1 [ooote

02 | 6553 02 | 16384 02 |o4ose | [0z [o102a | [0z [o0256

03 |seate | fo3) | 16464 03 |o7ose | [o3 [os02a | [os [o1298

04 | 20736 04 | 13824 04 |os216 | [0a [ostaa | [0a [oa0ss

05 |1 05 |1 @ 1 05 |1 05 |1

06 | 0.406 06 | o614 06 |osz2t6 | [os |[13s2a | [os |20736

07 | 0.2 07 | 03024 07 |oose | {07) [16e6s | [07 [s8at6

08 | 0.0256 08 | o0.1024 08 |o4ose | [os |[1e38a | [os [es536

0s | o001 09 | o00144 09 |odz2e | [os [11eea | [o9 [10ase

1 [ 1 [ 1 [ 1 [ 1 16

13



Coins

r = intrinsic probability of coming up heads (bias)

0 heads 1 heads 2 heads 3 heads 4 heads

3 odds 3 odds 3 odds 3 odds 3 odds
0 ® 0 0 0 0 0 0 0 0

04 | 10498 04 | 1.1664 04 |oa206 | [o1 [oo014a | o1 [o.0016
02 | 65536 02 16384 02 |oa4006 | [o2 [ot024 | [o2 [o.0256
03 | 38416 03 | 16464 03 |o70s6 | [o3 [o03024 | [03 [0.1296
04 | 2073 04 13824 04 |oo216 | [oa [o6144 | [04 [0.4006
05 |1 05 |1 05 |1 05 |1 05 |1

06 | 0409 06 | 06144 06 |oo2t6 | [os [13824 | o6 [20736
07 | o04129 07 |03024 07 |o7ose | [o7 [16464 | [07 [s8416
08 | 00256 08 |0.1024 08 |o4006 | [os [16384 | [os8 [es5536
09 | 00016 09 00144 09 |o01206 | [oo [11e64 | [09 |[10.408
1 0 1 0 1 0 1 0 1 16

Coins

Is this person’s coin really biased?

Coins

By chance, can get good LOD score for just

about anything.

Coins

By chance, can get good LOD score for just
about anything.
The more students you have flipping coins,
the more likely you are to see this “unlikely”
combination.

The multiple testing problem

14



Multiple testing in genetics

Testing lots of markers for linkage to a trait is
analogous to having lots of students, each
flipping a coin.

Multiple testing in genetics

Testing lots of markers for linkage to a trait is
analogous to having lots of students, each
flipping a coin.

Can get spurious high LOD to an unlinked
marker, just by chance.

Don't let this happen to you!

of the linkage relationship
between chromosome 11p loci and the
gene for bipolar affective disorder

in the Old Order Amish Evidence agalast Takagelof schiz
John R, Kelsoe', Edward 1. Ginns’, Janice A. Egeland’, Da "0thern Swedish pedigree

Alisa M. Goldnom‘ Sherri J. Bale‘ David L. Pauls’, Robcu mes L. Kennedy*t, Luis A. Ginfirat,
Kenneth K. Kidd', Giovanni Conte’, David E. Housman* & Hass sesh

|D|m|n|shed support i
between manic depr&eswe iliness
and X-chromosome markers in
three Israeli pedigrees

Miron Baron', Nelson F. Freimer', Neil Risch?, Bernard Lerer’, Joyce R. Alexander’,
Richard E. Straub', Susha Asokan', Kamna Das', Amy Peterson’, Jean Amos*, Jean
Endicott', Jurg Ott' & T. Conrad Gilliam'

Significance cutoff

(single family)
4.0
@
§ oo —
8 20
]
g 1.0
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1 50 100 150 200 250 f SUU 350 399
marker number Chr13

Linkage of Late-Onset Fuchs Corneal Dystrophy to a
Novel Locus at 13pTel-13q12.13

Olof 1. Sundin,* Alvert
Etizabeth C L. Vito,

Using LOD=3 as cutoff more or less eliminates this problem.

We’'ll see why on Friday.
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