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Introduction

Nineties — “genetic map of old age diseases ”

On the HapMap web site two years ago

to a common disease (such as diabetes, cancer, stroke, heart disease,

depression, and asthma) is associated common genetic variants”

Genetic diseases after menopause » No selection » Only genetic drift »
Lower number of genetic variants but at higher frequency (Common

variants) » high prevalence of the disease (Common disease)
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SCENTIST ATWORK | DAVID B. GOLDSTEIN
A Dissenting Voice as the Genome Is Sifted to Fight

Disease
By NICHOLAS YWADE
Published: September 15, 2008 SIGH IN TO E-MAIL
OF SAVE THIS

The principal rationale for the $3 billion spent to decode the human & rrnr
genome was that it would enable the discovery of the variant genes

) ) ) REFRINTS
that predispose people to cormon diseases like cancer and IEj‘

o . ) , SHARE
Alzhetrner’s. A major expectation was that these variants had not been Ex
eliminated by natural selection because they harm people only later in Aemices 1000s

) : ) SPONSORED 8Y
life after their reproductive years are over, and hence that they would THE SECRET
LIFE OF BEES

be commen,

Enlarge This Image  Lhis idea, called the commen diseasefcommen variant
hypothesis, drove major developments in biclogy ower the
last five years. Washington financed the HapMap, a catalog
of cornmon genetic variation in the hurman population.
Cornpanies like Affyretriz and Hlumina developed
powerful gene chips for scanning the human genome.
Medical statisticians designed the genomewide association
study, a robust methodology for discovering true disease
genes and sidestepping the many false positives that have
plagued the field.

But David B. Goldstein of Duke University, a leading young

Ken Cedeno for The Mew York Times
GEHE THINKER: Davidl Goldstein has
niot shied from unpopular positions

population geneticist known partly for his research into the
genetic roots of Jewish ancestry, says the effort to nail
dowmn the ganetics of most common diseases is not

working. “There is absolutely no question,” he said, “that

RSS Feed
for the whole hope of personalized medicine, the news has
_1.-_,_. Get Science Mevws From The . . »
P Yotk Times = baen just about as bleak as it could be.

« The common disease/common
variant idea is largely wrong [...]
natural selection has been far more
efficient than many researchers
expected »

J. Goldstein, Septembre 16, 2008

_IRare variants Il Common variants

501
404
30+ .

204

Percentage of variants

QOdds ratio

Figure 2 Distribution of odds ratios for common and rare variants. Odds
ratios were obtained from the literature (Supplementary Note). We included
61 rare variants and 217 common variants in this analysis.

Bodmer and Bonilla (Nature genetics,
2008)
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Problem for population geneticists:
Multigenic diseases + Complex molecular pathway + Weak selection

» Selection tests from genetic data failed

What can then predict demographers?



Introduction
1. Variance in disease onset

T Diseases may occur before

menopause even when the

EE mean age at onset is after
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£ menopause

S oo

® Qyarian Cancer
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3 »

= A Pavard and Metcalf (2007)
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Introduction

2. Males reproduction until old ages

ASF/TF
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Midpoint of 5-year age interval

Men (in blue) reproduce until
old ages with younger women
(in red).

Because of later age at

marriage, remarriage and

polygamy,

Tuljapurkar et al. (2007)
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3. Parental and grandparental care

~

kg-Ge /
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i Y : / Grandmothers may care for

74 D
| ] v

=] vk _
- 1% their immature children

} -, long after menopause

This woman’s age is 41...



Introduction

3. Parental and grandparental care

Who keeps children alive?
Sear and Mace (2008)
Motherless children have a
higher risk of death than children

whose mother are alive

Age of
Effect of  children
Population Authors mothers studied
Nepal (Sarlahi) Katz et al. (2003) + 0-24 weeks
1994-97
Caribbean Brittain (1992) + 0-1yr
(St. Barthélemy)
1878-1976
Gambia (four villages)  Sear et al. + 0-5 yrs
1950-74 (2000, 2002)
Kenya (Kipsigis) Borgerhoff + 0-5 yrs
1945-90 Mulder, (2007)
Burkina Faso (Nouna) Becher et al. + 0-5 yrs
1992-99 (2004)
Sub-Saharan Africa® Zaba et al. (2005) + 0-5 yrs
198052000
Canada (Quebec) Beise (2005) + 0-5 yrs
1680-1750
Poland (Bejsce) Tymicki (2006) + 0-5 yrs
1737-1968
Guinea—Bissau Masmas et al. + 0-8 yrs
1990-98 (2004)
Paraguay (Ache) Hill and Hurtado + 0-9 yrs
1890-1971 (1996)
Netherlands Beekink et al. + 0—12 yrs
(Woerden) (1999, 2002)
1850-1930
Italy (Tuscany) Breschi and + 0-12 yrs
1819-59 Manfredini (2002)
Canada (Quebec) Pavard et al. + 0-15yrs
1625-1759 (2005)
Sweden (Sundsvall) Andersson et al. + 0-15yrs
1800-1895 (1996)
Japan (Central) Sorenson Jamison + 1-16 yrs
16711871 et al. (2002)
China (North East) Campbell and Lee  + ~1-15 yrs
1774-1873 (1996, 2002)

10
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3. Parental and grandparental care

Pavard et al. (2005) Risque relatif de décés durant la période

6 -
Données du Québec ancien ;

N=9840 4
3 .
% =
3 ]
0

/ Age de I'enfant au déces de sa mere ( perlodes
Enfance et

Néonatal Postnéonatal Nourrlsson Petlte enfance adolescence

11



Methods — Presentation of the model
Coefficient of selection of susceptibility allele:

For a large and realistic parameter space for disease onset (mean and

variance)
In a two-sex model were men can reproduce at old ages

Where child survival depends on maternal, paternal and grandmaternal

care

» Selective value of non-carriers (population survival) and carriers

(population survival * disease survival)

12



Methods — Survival of carriers and non-carriers

Non Carriers adult survival
Gompertz

FEMALES SURVIVAL

1.0

High adult survival
e,5=45

N

0.6

Adulf Sunvival

04

0.2

Low adult survival
€5 =25

| | | | |
20 40 60 80 100

a0

Age {irs)



Methods — Survival of carriers and non-carriers

Carriers’ morbidity (Gamma)
4 0.9

Cumulative risk at
old ages (100 yrs)

Cumulative risk of onset

< > v 0.01

Age at onset (yrs)

Except for BRCA1 and Huntington, distribution of age at onset is rare

For most diseases: familial cases study 14
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Methods — Fecundity (Brass Polynomial)

recunoity FEMALES

=L High fecundity Brass Polynomial
TFR=10
- - fr)=c(x—a)(f-x)
- / for a <x<p
g a =15

Low fecundity

=950
TFR=3 p

l / c scales up and down

| | | | |
20 40 G0 g0 100

0.1

0.0

Age {ire)
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Methods — Fecundity (Brass Polynomial)

FecunoiTy VIALES
Brass Polynomial

f7(x)=c" (x—am)(ﬁ”‘ —x)2
jx L' (x) f " (x)dx
jx Lm(x)(x—am)(ﬂm —x)2 dx
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Methods — Fecundity (Brass Polynomial)

Fecundity

FecunpiTy MALES
Brass Polynomial

f™(x) :cm(x—am)(ﬂm —x)2
jx L' (x) f " (x)dx
L Lm(x)(x—am)(,b’m —x)2 dx

Later age at mariage (5 yrs)
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|

04
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| / Remariage after divorce or wife’s death ;

polygamy (10 yrs)
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Methods — Maternal, Paternal and Grandmaternal care

Relative Risk

Relative Risk of death of Orphans (from mother, father and maternal

grandmother) compared to non-orphans
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Methods — Maternal, Paternal and Grandmaternal care

Relative Risk

Relative Risk of death of Orphans (from mother, father and maternal

grandmother) compared to non-orphans
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Methods — Maternal, Paternal and Grandmaternal care

Relative Risk

Relative Risk of death of Orphans (from mother, father and maternal

grandmother) compared to non-orphans

et Mother o Father o Maternal
e N . »|  Grandmother
N % b E SR E &
N_%”* ——= ) %\‘_B_ . ,:\—&—
. S — - o m%% o | B e -
II; 1[]'[][] | BUI[JU | EUIEJU ?UIU[] II; 1[]'[][] | EUIEJU | EUIU[] | ?UIU[] II; 1[]'[][] | EUIEJU EUIU[] | ?UIUU
Age (days) Age (days) Age (days)
S“(Y1) S“(Ys) S“(Y,)
y, age at mother's death y, age at father's death y, age at GM's death
\ J
|
(04
S“ (Y1 Y2 ¥s)

21



Methods — Calculation of the reproductive value

The Euler-Lotka equation is:
[P 4N f f
1= (21 (%) 1 ()
Replacing L' (x)=1"(x)/S,
1= (2 ) L () T () b
Pavard (2007) showed that this is equivalent to:

1=[7(2") "L o) (%) S (%) dx

with S* (X1) being the child survival until maturity as a function of the

mother’s age at its birth -



Methods — Calculation of the reproductive value
What we want is expressing S (X1) as a function of S (yl, Y,, y3)
To do this, we are looking for the probabilities for a child born to a mother

at age X, to loose its mother, its maternal grandmother and its father at

ages y,, Y, and y;respectively.

S“ (%)= [[] (Y2 1%) P(Y, 1% ) (Y5 1%)5 (Y2 Yo Y5 ) dysdly,dy,
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Methods — Calculation of the reproductive value

Probability for a child to loose its mother at age y,

p(11%)= 7 ey,

Over all possible age y,

0

[ POy = [ (L O+ )L (%)) (% + v )y,

24



Methods — Calculation of the reproductive value

Probability for a child to loose its maternal grandmother at age y,

p(¥2 1%) =) P(% 1) P(¥a %, )
With
p(%, 1%)=P(%)=(A") " L' (x,) ' (x,)5"
And

L" (X, + X +V
p(yzlxl’xz): (sz())((l) 1)h(x2+xl+y1)
2

Over all possible age vy,

[ (v D)y =" [ p(x)p(y, 1%, ) ddy,



Methods — Calculation of the reproductive value

Probability for a child to loose its father at age y,

Assuming that fathers are always of the same age or older than the
mother without further matrimonial structuring (structuring matrimony
would indeed imply extending the model for incorporating widowing and

divorced probability, remarriage probability and polygamy).

m

p(¥al%) =] P(% %) P(¥a X )k

With
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Methods — Calculation of the reproductive value

Probability for a child to loose its father at age y,

And p(y3|X3): L(Ii(z:(_;/3)h(x3+y3)

Over all possible age y,

a—X% (B
J‘ysp(y:”lxl)dyB:J‘o jxl p(X3|X1)p(y3|X3)dX3dy3
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Methods — Calculation of the reproductive value

= |nput parameters are
L' L™ FO R, S (Y, Vs, Ys)

» Euler-Lotka has 2 unknown parameters A AT

log R,

= But log 4 ~ IS true at the third decimal in humans when the age

unit is the year, therefore: 100 (im) =log (if )(T T m)

= \We can then solve

1={"(2") "L () (%)8“ (%) dx

= And find the coresponding distribution S“ (X1) 28



Methods — Calculation of the reproductive value

Reproductive value of non carriers females

NC @0t f a
W= [ TLY (x) £ (%)% (%) dx
(We can demonstrate that this holds when derivation are done for males)

WEC: similar equation + Morbidity

» Genetic compartment (Autosome, X-Chr, Y-Chr, Mt-Chr)
» Segregation coefficient (kin selection)

» Dominance

» Sex-specific pathology (male, female, both sex)

29



Methods — Calculation of the reproductive value

Here: Autosomal, Dominant mutation, disease in both sex

WE = %W [menC wifeM® wife's mother™® } +

%EW | women®, husband™®, mother® } T

%%W  women®, husband"®, mother® |

» First population genetics model incorporating maternal, grandmaternal

and paternal care

» First compact model over only one generation

30



Methods — Estimation of selection

Assuming ...

» An allele of susceptibility at very low frequency

» The disease is lethal (not benign as corneal dystrophy leading to night
blindness)

» Death occurs at age at onset (not slowly degenerative disease)

» Independence between risk of onset and other causes of death within the
population

» No pleiotropic effect of the alleles (eg. Smith et al. 2011 for BRCA1)

» Epidemiology of the disease was identical in the past (which is likely not the

case in the cases of cancers, see Eaton et al. 1994) 31



Methods — Estimation of selection

Selection Coefficient
W C

NC

S=1-

Minimum effective size for which selection overcomes genetic drift

10 _
Ne . = P Kimura (1973)
Ne i, < 100

100 < Ne,,,, < 1000

1000 < Ne,;, < 10 000

Ne,... > 10 000

Negative selection all human pop
Negative selection most human pop

Negative selection only in recent human pop

Neutral
32
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Conclusion
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Differences are expected between population due to culture
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Conclusion

Cumidative Risk at 100
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But no large influence of demographic regimes

» a change in 20 yrs in e,¢ is pushing back the selection gradient of only

~3 yrs in mean onset



Conclusion

Effect of care on child survival but...

= Effect of paternal and maternal care of adult children survival and repro

= Effect of sibling care and/or competition

Population dynamics is the key. Going beyond stable environment:

r]t+l — Ant

I’.It+1 — (t)nt

N, = (n(t))nt
nt+1 :A(k)nt
N, =A(w,K)n,
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