Schedule

Workflow - LGN5825 - 2018

On Fridays, 8 -12 pm

Labs

Week Date Lectures
1 9-Mar Population and quantitative review Data quality control
2 16-Mar Population structure and genetic effects Population genetics and structure
3 23-Mar Covariance between relatives Pedigree
4 6-Apr Response to selection Kinship
5 13-Apr |Inbreeding, heterosis, and hybrids between populations Mixed Model Equations
6 20-Apr Hybrids between lines REML/BLUP (I and A)
7 27-Apr Test |
8 4-May Lines, testers and testcrosses Diallells
9 11-May Base populations and breeding schemes Optimized Training Sets
10 18-May GWAS GWAS
11 25-May Genomic Selection GS (GBLUP)
12 8-Jun Recurrent Selection GS (Bayes + GE)
13 15-Jun Reciprocal Recurrent Selection GS (MOOB)
14 29-Jun Test 11
Classes Moodle STOA
Homeworks Every week R labs R labs (R Markdown file)
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Non-inbred populations

Population = a pool of shared alleles

Only the allele 1s passed to the offspring, not the genotype
Allele frequencies

B=f(B)=p

=p*+ %2(2pq)

=+ pg
= p2 + p(l'p) BB p2
=p*+p-p?

=p Bb 2pq
b=1f(b)=q bb a*

=q*+ %2 2pq)

=q*+pq

=q*+q(1-q)

=q*+q-¢q?

=q

Under HWE these frequencies are kept constant

Otherwise, with just one random mating this equilibrium is reached again



Inbred populations

Inbred populations
Alleles identical by descendent (IBD) — copies of a shared ancestral
Alleles identical by state (IBS) — same allele, but different origin

Inbreeding coefficient mnn

F=P(B,=B) BB (1/4) IBD  Bb(1/4)
F=%+%="% b bB (1/4)  bb (1/4) 1BD

Probability of IBD

Is equal of the allele frequency times the inbreeding rate
P(BB) =Fp

P(bb) = Fq

Non-inbred genotypes =1 - F
Inbred genotypes =F



Inbred populations

IBD IBS
= F(BB + bb) + (1 - F)(BB + Bb + bb)
= F(pBB + gbb) + (1 - F)(p?BB + 2pgBb + g*bb)
= FpBB + Fgbb + p?BB + 2pqgBb + g?bb - Fp?BB - 2FpqgBb - Fg?bb
= BB[Fp + p? - Fp?] + Bb[2pq - 2Fpq] + bb[Fq + g2 - Fq?]
= BB[p* + Fp - Fp(1-q)] + Bb[2pq - 2pqF] + bb[q? + Fq - Fq(1-p)]

Then, for any F
= BB[p? + pqF] + Bb[2pq - 2pqF] + bb[q* + pqgF]

- A
p? + pqF p>+pgF  p?
p®+pq Bb 2pq-2pgF  2pgq O
p2 + p(l'p) bb q%+ pgF g2 q

p’+p-p*=p



Genotypes and genic effects 2

\
Intra population - assuming HWE T ( \
o = female i and male j allele effects at the £ locus ( \
§ = interaction between alleles i and j } } } }
The sum of the & over k loci means Breeding value (BV)
Substitution allele effect BB Bb u bb
A = Up — Uy, yl=u+gl+g]+sl] \—Y—)
o, =U,-Uu d
Cl;osseg o Gij = uto; +o¢ +§;;

BB x population = ug

ug =pa+qd

+
i, = q(-a) + pd e ’ it
Pd Bb qu agta, SBb
2 -

= (p qz)a + 2pqd
=(p-9q)a+ 2pqd

(P*-9)=(1-9)?*-9* =1-2q+q*-g°=p+q-29q=p-q



¢ aB:uB—u

Substitution allele effect

¢ Ay =U, - upop

-qa + pd - [(p - 9)a + 2pqd]
-qa + pd - pa + gqa - 2pqd
pd - pa - 2pqd

-p[a-d + 2qd]

-p[a(2q -1)d]

-p[a(2q -p + q)d]

-pla + (q - p)d]

-pa

pop
pa+qd-[(p-q)a+ 2pqd]
pa+qd-pa+qa-2pqd
ga+qd - 2pqd

qla+ (1-2p)d]

qla+ (q+p-2p)d]

qla+ (q-p)d]

qu



Dominance effect

BB=u+ 205+ Sgz=a * Bb=ut+az+a,+Sz=d
Sgg=a-u -2ag Sgp=d-u -o5 -«

- [(p-q)a+ 2pqd] - 2[q[a + (q - p)d] - [(p-q)a+ 2pqd] - [q[a + (q-p)d] - [-p[a+ (q - p)d]
=a-pa+qa-2pqd-2qa-2q(q-p)d =d-pa+qa+2pqd-qa-q(q-p)d+pa-p(q-p)d

=a-pa-dqa-2pqd-2q*d + 2pqd * =d-2pqd-q(q-p)d-p(q-p)d
=a-pa-qa-2q3d  =d-2pqd-q%d + pqd - p?d + pqd
=a(l- p-q)-2q3d e =d- g%d-p4d
=a(p+q-p-p)-2q°d * =d(1-q’-p?)

=-2q4d
bb:u+ Zab+5bb:'a
‘Sbbz -d—-U - Z(Xb

=d(1-(1-p)*-p?)
=d(1 - (1 +p*+2p) -p?)
=d(1 -1-p*-2p-p?)

=-a-[(p-qa+2pqd]-2[-pla+ (q-p)d] * =d(2p-2p?)

=-a-pa+qa-2pqd+2pa+2p(q-p)d * = Zd[p p(l p)

=-a+ pa+ qa-2p3d . —2d

=a(p+q-1)-2pad - = 2d[ p(l p)] L T
=a(p+q-p-q)-2p-d * =2d[-pq] Bb 2pq apton, Ssb

= -2p2d = 'qud bb q° o, ta, Shp



Substitution allele effect

o is the §lope of th§ regression line b = COVGEy) Genotype | f VG
Regression coefficient — b Vx y
P’ 2

2
2 = zifiXiz - (Z fiXi> COVyy = ZfiXiYi a (2 fii 'Zfiyl) EE 2pq 1 Z

2
Thus, the variance of x is given by: bb q 0 -a

p%(2%) + 2pq(1%) + q%(02) = 4p* + 2pq

[p2(2) + 2pq(1) + q*(0)]% = [2p? + 2pq = 2p? + 2p(1 - p)]? = [2p? + 2p - 2p?]? = [2p]? = 4p?
Vx = 4p? + 2pq - 4p?=2pq

and the covariance by

p%(a)(2) + 2pq(d)(1) + g2(-a)(0) = 2p2a + 2pqd . 2
p*(2) + 2pq(1) + q*(0) = 2p*+2pq = 2p _ ‘/
p*(a) + 2pq(d) + q*(-a) = p*a+ 2pqd - g*a = (p*- g*)a + 2pqd = (p- g)a + 2pqd /
2p(2p*a+ 2pqd) = 2p(p - q)a + 4p*qd
COV(x,y) = 2p*a+ 2pqd - 2p(p - Q)a + 4p*qd = 2pq[a + (q - p)d] Iy

_covxy) _ 2pqla+ (q-p)d] _ CVd—
b o Vx - qu o a + (q p)d_ a Number of Favorable Alleles




Additive variance

V(X) = E[X - E(X)]?

Vg = E[Gij - E(Gi]‘)]z
=E[u+ o; + o +S]--u]2
= [al+a +S]

= E[o;]* + E[a;]* + E[$]* +
= E[a;]* + E[a ]2+E[Sij]2

Additive variance = variance of the
average allele effects

= E[e]* = E[pi(a)* - E(p;a)]?
= E[p;(a;))? - 0]°
= Ypi(a)? =% Va

= E[e]? = E[p;(«)? - E(p;x))]?
= E[p;(a)* - 0]
= Zpi(aj)z =% Va

Gij = u+ocl- +0Cj +6ij

Uj =2 Z pi(ai)z
i

Va = 2.p.ag? + 2.q.0,°
= 2.p.(qa)? + 2.q. (-pa)?
= 2pq?a? + 2qp?a?
= 2pqa*(q + p)
= 2pqa?
= 2pq[a + (q - p)d]?

A=a;+a=E(ag+a,) =0

E(A) = E(a; + a)) = E(a) + E(a)
p;-; + p;Q;

pi(ag) + pj(o‘b)

p(qa) + q(-pa)

p(qa) + q(-pa)

pqa - pqo =0



Dominance

Dominance variance = interaction between allele

BB SBB

effects within a locus

= E[S;]2 = E[p;(S))? - E(p;S))]?
= E[pi(Sij)z - 0]°
= pi(Sij)z = Vd

Vd = p*.Spg* + 2pq.Sp,° + 9. S°

= p?(-2q*d)?+ 2pq(2pqd)? + q?(-2p?d)?
= p?(4q*d?) + 2pq(4p?q*d?) + q?(4p*d?)
= 4p2q?d?(q* + 2pq +p?)

= 4p*q*d* (p + q)?

= (2pqd)?

of = Z Pin(Sij)Z
i

p2 -2g2d
Bb 2pq 2pqd Sab
bb q? -2p4d Sbb

E(D) = Zij(pipjsij)
= pS8sp + 2pq.Spp + 4% Sp
= p?(-29*d) + 2pq(2pqd) + q*(-2p*d)
= -2p?q?d + 4p?q?d + 2p?qid
=0



Mean in inbred populations

= F(BB + bb) + (1-F)(BB + Bb + bb) 8B o2pgF  p?  p
= BB[p* + pqF] + Bb[2pq - 2pqF] + bb[q* + pqF] W | ope—2eel | 2vg | @
Gij = u+; +0CJ +5U bb q%+pqF 9? q

E(Gy) = Fupi(u + o + o + 5) + (1 - F)Xpips(u + o + o + )
=Fu+ 2F)pi; + FYp;S; + (1 -F)u+ (1 - H)Yipiex; + (1 - F)Xpjo + (1 - F)X;pipjS;;
=Fu+ (1-Fu+ (1-F)Xp;S;
=u+ FYp;S;
Mean + inbreeding depression (ID)
FY.ip;S;i = FpSgp + FqSyp
= Fp(-2q*d) + Fq(-2p*d)
= F(-2pq?d) + F(-2qp*d)
= -2pqdF
Thus,
up =u - 2pqdF
up = (p - @)a + 2pqd - 2pqdF



Variance in inbred populations

* Vg= E[Gij - E(Gij)]z

=Eluta+a +S5-u- FYip:iSii]*
=E[a; + o + S;- FXp;S;i]?

¢ = E[(xi]2 + E[(xj]2 + E[Slj]z + E(_F21p1 11)2 + dp

E[a;]? = E[Yp;(a;)? - E(p;&x))]?
= E[p;(a;)? - 0]?
= Ypi(a;)? =72 Va

= E[a]2 = E[p;(a))? - E(p;x))]?
= E[pi(aj)z - 0]°
= Yp;(a)? =% Va

= E[Sij]z =(1- F)Zijpipj( )2 FY.pi(S))?

non-inbred inbred
= (1-F)Vd - F};pi(S))?

E(- FXipiSi)? = (FXp;iSi)?

2E(aja) = 2(1 - FE(a)E(a)) + 2FY,p;(a;)?
= 0+ 2F Yp;(a))?
= 2F 1 Va= FVa

ZE(ai ) — 2(1 F)E(GI)E( ) + 2F lel ii
=0+ ZFZplal 1i

2E(a;S;) = 2(1 - F)E(e)E(S;) + 2F Xp;e;S;;
=0+ ZFZ]p]aJ )

2E(a;. -FYp;Si) = 2E(a) (- FYp;S;)
=0

2E(a.- FijjSij) = 2E(a) (-FYp;Sp)
=0



Variance in inbred populations

ZE(Sij- -FYipiSi) = (1 - F)E(Su) (- FXipiSi) + 2FE(S) (- FXip;Si)
= 0+ (ZFYp;S) (- FXipiSi)
= -2F*(X;piSi)?

Finally,

Vg="%Va+ % Va+ (1-F)Vd-Fpi(S)?*+ 2Fyp;aS; + ZFijjaijj - 2F2(3ip;S;i)*
Vg = (1+F)Va+ (1 -F)vd +\2F xibiaS; + 2F Y p,aS; )+ (FYipi;S;)* - 2(F2Yp; S
|

D, =% (XipioiS; + Xipia;S;) = XipiS;;
Covariance between additive and dominance effects in the homozygotes

Vg = (1+F)Va + (1 - F)Vd + 4FD; + F};;pi(S5;)*- F2(X;p;Si)*
Vg = (1+F)Va + (1 -F)Vd + 4FD; + F[¥p;(S)* -(XipiSi)?] + F((1 - F)(XipiSi)?

|

D, = Variance due to the dominance effects in the homozygotes
H = the square of the inbreeding depression

Vg = (1+F)Va + (1 - F)Vd + 4FD, + FD, + F(1 - F)H



Variance at any level of inbreeding

Vg=(1+F)Va+ (1-F)vd + 4FD, + FD, + F(1 - F)H
D, =COV(a,d)

D, =V(S;)

H = the square of the inbreeding depression

F=0
Vg=(1+0)Va+ (1-0)vd + 4.0.D, + 0D, + 0(1 - O)H
Vg=Va+Vd

F=1
Vg=(1+1)Va+ (1-1)Vd+4.1.D, + 1D, + 1(1 - 1)H
Vg =2Va + 4D, + D,

Inbred progenies = Normally, D, 1s negative, reducing the Vg
On the other hand, the bigger F, the bigger Va



Mixed populations

s = inbreeding rate
s=2F/(1+F)
F=s/(2-5)

Vg = (1 + F)Va + (1 - F)Vd + 4FD, + FD, + F((1 - F)H

v —( - )V +<2_25>Vd+<4S>D1+(S)D2+[2(1_5) H
§= 2—S5 @ 2s 2s 2s 252

Considering two alleles « Parametric space
Va =2 ¥p;(a)* = 2pqa’ « Va=0

Vd = Zijpipj(sij)z = (2pqd)? e Vd=0

D; = 2ipieS; = 2pq(q-p)(a+ (q-p)d)d=2pq(q-p)ad « -0<D, <+
D, =2pi(Si)? -(ipiSi)* = 4pqd*(q - p)? « D,>0

H = (Xip;S;i)* = (2pqd)? e H>0



D, and D,

Dl_ Z pl i 11

= papSgs + qALSy,

= p(qa)(-2g*d) + q(-pa)(-2p*d)
= 2pq3ad + 2p3qad

= -2pq(q - p)ad

D le( 1)2 (Z pl ll)2

= [p(-29*d)? + q(-2p*d)?] - [p(-2g*d) + q(-2p*d)]?
= [4pq*d® + 4qp*d®] - [-2pg®d - 2qp*d)]?
[4pqd®(p® + q°)] - [-2pqd(q + p)]?

[4pqd*(p°® + q*)] - 4p?q*d?

= 4pqd*(p*>+ q°- pq)

= 4pqd*(p*+ (1 -p)*-p(1-p))

= 4pqd*(p*+ (1-p)°-p + p?)

= 4pqd?(1-2p)?

= 4pqd?(q-p)*



