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PRICE EQUATION
PRICE EQUATION PARTITIONS
PLURALISTIC HEREDITY

EPIGENETICS

&% A lecture on topics which were until recently considered to be mostly
nonsense and only meaningful for theoreticians



PRICE EQUATION

We include/inspect every individual/entity in the population.

We are not drawing random samples from a population and describing these.

In this manner, the Price equation is exact.

Expressions from statistics are used because the equations match.

Expectation of a random variable E(), covariance Cov()



PRICE EQUATION
A (finite) parental population with size N and elements indexed i,

elements i have property/trait z;. each individual represents fraction g;= 1/N of
the population

\

A population with decendants of the elements i
descendants of i represent a fraction ¢'; of the population with property z'.

o* 7, is the average value of the trait among the descendants of type i



E[z;] = ).; q;z; average of z over the entire parental population

\J

E[Z';] = Xiq ;Z'; average of z over the entire descendant population

Elz';] — Elz]

the difference in average trait value between descendant and parental
populations



Elz';] — Elz]

z Cl'l-Z'i — z qiZi
i i

q';, =qw;and z'; = z; + Az;

z q;wi(z; + Az;) — z q;Z;
7 7
= z q;(w; — 1)z; + z q;w;Az;
7 7

E[Z';]] — Elz] = E[(w; — 1)z;] + E[w;Az]

Au, = Cov|w;, z;| + E[w;Az;]



Au, = Cov|wy;, z;| + E[w;Az;]

the change in the average trait value
between parental and descendant population

1s the sum of the covariance between "fitness" and the trait and
the expectation of the product of fitness and
(expected) trait change per i
Au, =S + E[w;Az;]
S the average trait value "after" - average trait value before selection

Only selection among the parents: S is the selection differential of z



alternative ways of grouping terms:

Au, = Cov|wy;, z;| + E[w;Az;]

Au, = Cov|wy, z;] + Cov|w;, Az;| + E[Az;]

Ap, = Covlw;, z';] + E[Az]

This last one has a clean separation with fitness variation and transmission in
separate terms. To be preferred.



RECOVERING THE BREEDERS EQUATION
partial covariance between w and z', controlling for z:
Cov|w;, z';|z;]

covariance between the residuals of w and of 7' after each has been regressed
independently on z

Covlw;, z';|z;] = Cov |g, el-Z']
Covlel’, &f'] = Cov[w; — 1 — Bw,zZi, 2"y — Pyt — :Bz’,zzi]
= Cov|wy, z';| = B, ,Cov[z;, 2] — B, ,Cov[w;, 2;] + B,1 B, Cov[z;, 2]
= Cov[wi,z’l.] — B, ,Covlw;, z;]
Cov|w;, z';|z;] = Cov[wi,z’i] — B, ,S

Ap, = Bz’,zS + Cov|w;, z';|z;] + E[Az]



RECOVERING THE BREEDERS EQUATION

Au, = ﬁz’,zS + COU[WilZ,i|Zi] + E[Az]

B, ,18 called "biometric heritability"
7' are regressed in the presence of differences among w;: "after selection”

In many experiments which estimate heritabilities, selection 1s avoided as much
as possible. How can we deal with that?
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RECOVERING THE BREEDERS EQUATION

We partition the change between parent and descendants into a reference, the
expectation if there would be no selection going on, plus a deviation.

z';=2%+6;
B, ,Covlwy, z;] = B0 ,Cov|wy, z;] + Cov[§;, 2] Covlwy, ;] /Cov|z;, ;]
COU[Wi,Z’i|Zi]
= Cov|w;, 70 |z;| + Cov[wy, §;]1 — Cov[8;, z]]Covlw;, z;]/Cov|z;, ;]

Az; = 8; + z) — z

substitute this all
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A,uz = ﬁzo,zS + COU[Wi,Zlg)lZi] + COU[Wi, 51] + E[5l] + E[ZLO — Zi]
heritability estimated across an interval with selection
Ap, = By1 ,S + Cov|w;, 20| z;| + Covlwy, 8;1z;] + E[6;] + E[20 — z]

using

COU[Wi, 5i|Zl'] = COU[Wi, 5l] — COU[di; Zi]COU[WirZi]/COU[Zi; Zi]
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All terms have gotten names (Heywood 2005)

B, ,S linear response to selection

C OU[Wi, z} |Zl-] spurious response to selection
Cov|w;, 6;|z;] special induced transmission bias
E[6;] general induced transmission bias

E[z] — z;] constitutive transmission bias

but let's inspect them again and avoid terms like "spurious” and "special”
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,Bz’,zS
Cov|w;, z{ |z;]

Cov|w;, §;|z;]

selection

selection

selection X transmission

selection X transmission

transmission

linear

correction

correction

bias

bias
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PRICE EQUATION AND EPIGENETICS

track changes in genotypic values g and epigenetic state 4 across an interval.

Apg = Covlwy, gi] + E[w;Ag;]
App = Cov|w;, h;] + E[w;Ah;]

approximate fitness as

CAAD 1+6W\ G-+ (h=h)
w )y 149 Y — A — FYR -
991 g=gn=r Ohlg=gn=h
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9, dw
Apg = Cov{g,g]a— + Cov|g, h] = A + E[wAg]
g=g h=h g=g,h= h
ow dw
Auy, = Covl|g, h]a—‘ + Cov|h, h] — 5 [wAh]
9ly=gn=n g=g,h= h

Direct and indirect selection - Interactions + Transmission effects
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Examples

Maternal effects: offspring inherit the nongenetic value m(g+h) of the parent

dw ow

Apg = Cov{g,g]a—‘ + Covlg, hl =
g g=g,h=h g=gh=h

dw ow
Auy, = Cov|g, h]a—‘ + Cov|h, h]ﬁ‘ -
9ly—gn=n g=gh=h

+mE|wg]| + (m — 1)E[wh]

Day and Bonduriansky (2011)
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Epialleles: methylated and unmethylated states (h = 0/1)

ow dw
Aug = Cov[g,g]a—‘ + Cov|g, h]% B
9ly=gn=n g=g,h=h

ow dw
Au, = Cov|g, h]a—‘ + Covlh, h]%‘ -
9l y=gn=n g=g,h=h

+(rate of epigenetic change)(relative rate of methylation
— relative rate of demethylation)

Day and Bonduriansky (2011)
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