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[IlpMmepHbIN NNaH Ha 1 YacTb
(0O4eHb MPUMEPHbIN)

* [1pn3Hakm — KONM4YeCcTBEHHLIE U KaYeCTBEHHbIE
 [lonureHHasa moaenb

* HacnenyemocTb
« Kak nameparos?

* OTOOp

* MHOro Npn3HaKoB (YyTb-4yTb)
*4TO Tam y yenoseka?

* [eHOMHasa cenekuusd
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In:Introduction to Quantitative Genetics No. of bristles No. of facets
Falconer & Mackay 1996
Qualitative Quantitative
Nominal Ordinal Binary Discrete Continuous
+Variables with *Variables +Variables + aka Attribute data + Continuous data is
no inherent order || with an with only < Disirats data’is informalion hat & information that can be
or ranking ordered two option. be categorized info a cassificafion measured on a continuum or
sequence. series Eg ; g g scale .
*E.g. Gender, *E.g. Blood Pass/Fail, “Discrete data is based on counts + Continuous data can have
Race efc Group, Yes/No etc * Finite number of values is possible almost any numeric value
Performance and the values cannot be subdivided and can be meaningfully
efc meaningfully. subdivided into finer and

E.g. - No of Parts damaged in
shipment

finer increments .
*E.g. - Length, Size, width




KayecTBEHHbIE NPU3HaKK rMyoboKo
B AYyLUE KONTMYECTBEHHbIE
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[longagnm HEMHOTO
doopmanmama

CambIn npocTon cryyan: buannenbHbIv NONMMopPdU3M

Familiar model Additive model
one allele is dominant (uppercase) Active allele (uppercase)
other allele is recessive (lowercase) Inactive allele (lower case)

Aa AA

6 gms 14 gms 6 ams 10 gms 14 gms

aa




PacuienneHne no ogHOMY reHy

aa AA
If we do a Aa x Aa cross we would expect the following I I
genotypes and phenotypes in the progeny:
N F1: A
eno iIC
Genotype ,cive alieles | "oTHe"Y el s
AA 2 Y, W+ 2x I
Aa 1 ', w+ X
F2:
- N
u = average phenotype I

Phenotypic value



PacwenneHve B F2

P:
If we do a AaBb x AaBb cross we would expect the following
genotypes and phenotypes in the progeny:
Number of Phenotypic F1:
Genotype active alleles  Frequency value
(1) AABB 4 Vs w+ 4x
(2) AABD, (2) AaBB 3 o/ u + 3x
(4) AaBb + (1) Aabb + (1) aaBB 2 616 u + 2x F2:
(2) Aabb + (2) aaBb 1 /" w + X
(1) aabb 0 Y46 u

aabb AABB
AiBb
6
4PN 4
1 1

Phenotypic value



YXooum OoT ANCKETHOCTI

1 gene 2 genes 3 genes

ol Lt L

4 genes 9 genes 6 genes

Fr e

2n*1 phenotypic classes for n genes




dopmanunsauma mogenu 0

Y=G+E



dopmanusauusa mogenu 1

It will prove very useful to decompose the genotypic
value into the difference between homozygotes (2a) and
a measure of dominance (d or k = d/a)

aa Aa AA
L 1 1
1 1 ]
C-a C+d C+a
Let p = freq(A), g = 1-p = freq(a). Assuming Suppose two inbred lines are crossed. If A is fixed
random-mating (Hardy-Weinberg frequencies), in one population and a in the other, then p = q = 1/2
Genotype aa Aa AA Genotype aa Aa AA
Value C-a C+d C Value C-a C+d C+a
Frequency P 2pq p? Frequency 1/4 172 1/4

Mean = (1/4)(C - a) + (1/2)(C + d) + (1/74)( C + a)
Uy =C + d/2|

Mean = g?(C - a) + 2pqg(C + d) + p?(C + a)

Ugm = C +alg-p) + d(2pq)
A <.

..... Note that C is the average of the two parental lines, so when d
> 0, F, exceeds this. Note also that the F, exceeds
this average by d, so only half of this passed onto F..

Contribution from Contribution from
homozygotes heterozygotes



dopmanunsauma mogenu 2

e Fisher (1918) decomposed the contribution
to the genotypic value from a single locus as

Gy=u+o+o+9;

— Here, w is the mean (a function of p)
— «a, are the average effects

— Hence, u + o, + o is the predicted genotypic
value given the average effect (over all

genotypes) of alleles i and j.

— The dominance deviation associated with
genotype G; is the difference between its true
value and its value predicted from the sum of
average effects (essentially a residual)



N BOT OHA

A key concept is the Additive Genetic Value (A) of
an individual

A(Gij) = o4 + o
- k k
A = (ag ) + cy,(c ))
k=1
o, = effect of allele i at locus k

A is called the Breeding value or the Additive genetic
value



N ancnepcuu

0%(G) =Y o (a? +a)+ Y o?(8)
k—

k=1

Additive Genetic Variance

(or simply Additive Variance) Dominance Genetic Variance

(or simply dominance variance)

Hence, total genetic variance = additive + dominance
variances, 2

_ 2 2
OGg = 0Op +0p



KrntoyeBble KOHUEeNnumnn

« o, = average effect of allele i

— Property of a single allele in a particular population
(depends on genetic background)

e A = Additive Genetic Value (A)
— A = sum (over all loci) of average effects
— Fraction of G that parents pass along to their offspring
— Property of an Individual in a particular population

e \ar(A) = additive genetic variance
— Variance in additive genetic values
— Property of a population



[lanbLie npotue -
HacneayemMocCTb

Heritability: the proportion of phenotypic variation among individuals in a
population that is due to genetic variation

Vo Ve
|.|2 2 — 8 —
A Vo + Ve

all of the variability
observed in a trait in a
given population is due
to genetic differences
among individuals

all of the variability
observed in a trait in a
given population is due
to environmental

differences experienced _
among individuals Most traits



HekoTopble BaXXHble
MWUCKOHLIeNuunn

Ha/HeTt

1) Y KOHKpEeTHOro nHamBmaa o4eHb BbICOKOE 3Ha4YeHne NpuaHaka,
3HaA4YUT ero HacneagyemMocCTb OYeHb BbiCOKas!

2) HaCJ'Ie,EI,yeMOCTb npu3Haka paBHa 0, 3Ha4YNUT reHeTuKa He BaXkHa
A4 3TOro Npm3Haka.

3) HacnegyemocTb aTon 60ne3Hu paBHa 1, 3HAYUT MOMNbITKN KaK-TO
noBNUATb Ha 6onesHb Yepes cpeny anpmopn 6e3pesynsTaTHbl.



HekoTopble BaXXHble
MWUCKOHLIeNuunn

Ha/HeTt

1)

2)

3)

Y KOHKPETHOro MHAMBMAA O4YEHb BbICOKOE 3Ha4YeHMe Npmu3Haka,
3Ha4YUT ero HacrnegyemMocTb O4YeHb BbicOKasa!

HeT, HacnegoyeMocCTb 3TO XapaKTepucTuKa nonynsaunoHHasa, He
nHonBnaa!

HacnenyemocTb npu3sHaka pasHa 0, 3Ha4YUT reHeTUKa He BaXkHa
Ons 3Toro npusHaka.

HacnegyemocTtb aTon 60ne3Hn pasHa 1, 3Ha4YUT NOMbITKU Kak-TO
noBNUATb Ha 6onesHb Yepes cpeny anpmopn 6e3pesynsTaTHbl.



HekoTopble BaXXHble
MWUCKOHLIeNuunn

Ha/HeTt

1)

2)

3)

Y KOHKPETHOro MHAMBMAA OYEHb BLICOKOE 3HAYEHME NPU3HakKa,
3HA4YUT ero HacregyemMocCTb O4eHb BbiCOKas!

HeT, HacnegyemMocTb 3TO XapakTepUCTMKa NoNynsunoHHas, He
nHonBnaa!

HacneoyemocTb npu3Haka paBHa 0, 3Ha4uUT reHETUKA He BaXKHa
05 9TOro rnpusHaka.

HeT, HacnegyemMocTb HUYEro He rOBOPUT O rEHETUYECKOM
apXUTEKTYpPE, TOSIbKO O TOM, Kakas YacTb FreHETUYECKOM
BapmnaTUBHOCTU BNUAET HA NPU3HAaK

HacnegyemocTtb aTon 60ne3Hn pasHa 1, 3Ha4YUT NOMbITKU Kak-TO
noBNUATb Ha 6onesHb Yepes cpeny anpmopn 6e3pesynsTaTHbl.



HekoTopble BaXXHble
MWUCKOHLIeNuunn

Ha/HeTt

1)

2)

3)

Y KOHKPETHOro MHAMBMAa O4eHb BbICOKOE 3HaYeHue npusHaka,
3HAYUT ero HacrieaQyemMoCTb OYeHb BbiCOKas!

HeT, HacnegyemocTb 3TO XxapakTepucTmnka nonynaunoHHas, He
nHanemaa!

HacnenyemocTb npu3sHaka pasHa 0, 3Ha4YUT reHeTUKa He BaXkHa
Ons 9TOro Npu3Haka.

HeT, HacrnegyemMocCTb HNYEro He roBOPUT O FEHETUYECKON
apXUTEKTYpeE, TOSIbKO O TOM, Kakas YaCTb reHETUYECKON
BapunaTUBHOCTU BIUAET HA NPU3HaK

HacnegyemocTtb aTon 60ne3Hn pasHa 1, 3Ha4YUT NOMbITKU Kak-TO
noBNUATb Ha 6onesHb Yepes cpeny anpmopn 6e3pesynsTaTHbl.
HeT, oueHKn HacnegyemocTu B ApYyron cpeae MoryT ObiTb
COBEPLUEHHO ApYruMu



Kak oueHunBaTtb?

#2 is the regression (slope) of offspring on parents

H =0 W =1 h =1
offspring of fspring of fspring
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Short ' Short : Short|
Short Tall Short Tall Short Tall
parents parents parents

B obLiem cnyyae: poacTBeHHas CTPyKTypa —YeM bonbLue poacTBEHHUKM MNOXOXN
no onpegenéHHomMmy beHoTUNy — Tem BorbluUe ero HacneayemMocTb

brnnsHeyoBbIE NCCefoBaHUA — «JlyYLLUE»:

MbB (MZ) — 100% reHOB OOQUHAKOBLIE, ANCMEPCUS TONMBKO cpeaoBasd

[b (DZ) — 50% reHoB obLine, BKknag B AMCNEepCuio NpusHaka Kak oT reHoB, Tak U OT
cpensbl



brnun3HeuoBble CCcNeaoBaHUSA

Twin 2

MZ

® r=0.91

O
Twin 2

Twin 1

H?2 = 2(ryz - rpz)
H2 = 2(0.91- 0.47)
H?2= 0.88

Twin 1




AO0ONTUBHOCTb U
HeaaOUTUBHOCTb

Vo =Va + Vp + 1V,

it

Parent-offspring resemblance
Broad-sense heritability: H2 = Vg/Vp

Narrow-sense heritability: h? = V/Vp



OTbop

Selection can change the distribution of phenotypes,
and we typically measure this by changes in mean

— This is a within-generation change

* Selection can also change the distribution of
breeding values

- This is the response to selection, the change in
the trait in the next generation (the between
generation change



The Selection Differential and the
Response to Selection

* The selection differential S measures the
within-generation change in the mean

S=p*-u
* The response R is the between-generation change
in the mean

R(t) = p(t+1) - pit)
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The Breeders’ Equation:
translating S into R

Recall the regression of offspring value on midparent value

5 ( Ps + P '
yo = up + h° ( ’ **//p)

9

Averaging over the selected midparents,
E[ (Pet- P2 | =1,

Likewise, averaging over the regression gives

Ely,-ul=h?(wk-u)=h2S

Since E[ y, - u] is the change in the offspring mean, it
represents the response to selection, giving:

R=h2S The Breeders’ Equation (Jay LushS)







CpeaHunmn apekT annens

* The average effect a, of an allele A is defined by the
difference between offspring that get allele A and a
random offspring.

- o, = mean(offspring value given parent transmits
A) - mean(all offspring)

— Similar definition for a..

Consider the average effect of allele A when a parent is randomly-
mated to another individual from its population

Suppose parent contributes A Now suppose parent contributes a

Mean(A transmitted) = p(C + a) + 9(C + d) = C + pa + qd

o, = Mean(A transmitted) - u = gla + d(g-p)]

Allele from other Probability | Genotype Value Allele from other Probability | Genotype Value
parent paren‘t

A AA C+a A Aa C+d

a q Aa C+d a aa C-a

Mean(a transmitted) = p(C + d) + g(C-a)=C-qga + pd

o, = Mean(a transmitted) - u = -p[a + d(g-p)]




Strictly speaking, the breeders’ equation only holds for
predicting a single generation of response from an
unselected base population

* Practically speaking, the breeders’ equation is usually
pretty good for 5-10 generations

* The validity for an initial h2 predicting response over
several generations depends on:

* — The reliability of the initial h2 estimate

* — Absence of environmental change between
generations

* —The absence of genetic change between the
generation in which h2 was estimated and the
generation in which selection is applied



