
QUANTITATIVE TRAITS

•The phenotypic value of traits such as size, 

weight or shape can generally be measured 

on a quantitative scale are called quantitative 

traits

•There is no precise relationship between the 

phenotypic value and a particular genotype

•Have a continuous distribution

•Appear to be affected by many genes –

Polygenic

•Affected by environmental factors



1

2

1

0

1

2

Genotype

F
re

q
u

e
n

c
y

RR Rr rr

Discrete distribution



Qualitative genetics vs Quantitative genetics

Character Qualitative Quantitative

Nature of traits Unambiguously 

categorized

Describe in terms 

of the degree of 

expression of the 

trait

Scale of 

variability

Discrete / 

discontinuous

Continuous

Number of genes The effect of 

single gene effect 

are readily 

detectable

Genes with small 

indistinguishable 

effect



F2: AB Ab aB ab

AB AABB AABb AaBB AaBb

Ab AABb AAbb AaBb Aabb

aB AaBB AaBb aaBB aaBb

ab AaBb Aabb aaBb aabb

Red

Lt Red

Pink Lt Pink

Lt Red

PinkLt Red

Pink

Pink

Lt Pink

Lt Red

Pink

Pink

Lt Pink

Lt Pink

white

P: AABB

red

x aabb

white

F1: AaBb x AaBb All Pink

1 Red: 4 Lt Red:  6 Pink:  4 Lt Pink: 1 white

Red occurs 

with four red 

alleles

Light red 

occurs with 

three red 

alleles present 

at either A or B 

gene



Two additive genes:  continous

phenotypic distribution

1

4

6

4

1

0

1

2

3

4

5

6

Red Lt Red Pink Light Pink White



Height as a quantitative trait

(1997)

(1920s)



Model for Variation in Skin Color



NORMAL DISTRIBUTIONS OF PHENOTYPES

Mice

Fruit Flies

In:Introduction to Quantitative Genetics Falconer & Mackay 1996



CHARACTERIZING A NORMAL DISTRIBUTION

Mean and variance are two quantities that describe a normal 

distribution.

MEAN

VARIANCE



USEFUL PARAMETERS FOR QUANTITATIVE GENETICS

ÁMean: The sum of all measurements divided by the 

number of measurements
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ÁVariance: The average squared deviation of the 

observations from the mean

ÁA measure of the variability around the central value
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COMPONENTS OF PHENOTYPIC VARIATION

ÁThe total phenotypic variance for a character (VP) is a function of:

ÁGenetic variance (VG)–the variance among the mean phenotypes 

of different genotypes

ÁEnvironmental variance (VE)–the variance among phenotypes 

expressed by replicate members of the same genotype

VP = VG + VE

ÁDifferences between monozygotic 

twins are due to environmental 

factors.



COMPONENTS OF GENETIC VARIATION

VG = VA + VD

ÁThe total genetic variance for a character (VG) is a function 

of:

ÁAdditive genetic variance (VA) –variation due to the 

additive effects of alleles

ÁDominance genetic variation (VD) –variation due to 

dominance relationships among alleles



THE COMPONENTS OF PHENOTYPIC VARIANCE

VP = VA + VD + VE + VGxE

VA = additive genetic variance, VD = dominance variance,

VE = environmental variance.

VGxE = Genotype by environment interaction.  If the same 

genotype results in a different phenotype in different 

environments, then this phenomenon will contribute to the 

phenotypic variance.



Additive vs. Dominance Genetic Variance

ÅGeneticvariancecanbesplit into 2 maincomponents,additivegenetic

variance(VA) anddominancegeneticvariance(VD).

VG = VA + VD

ÅAdditive varianceis thevariancein a trait that is dueto theeffectsof

eachindividual allele being addedtogether,without any interactions

with otherallelesor genes.

ÅDominancevarianceis thevariancethatis dueto interactionsbetween

alleles: synergy,effectsdueto two allelesinteractingto makethetrait

greater(or lesser)thanthesumof thetwo allelesactingalone.



Dominance effects Additive effects

AA Aa aa BB Bb bb
+2 +2 +0 +2 +1 +0

P: AABB x aabb
20cm 16 cm

F1: Aa Bb
       19 cm

F2 Genotypes: AABB AABb AAbb AaBB AaBb Aabb aaBB aaBb aabb
Genotypic

Effects +4 +3 +2 +4 +3 +2 +2 +1 +0

Phenotype
(cm)

20 19 18 20 19 18 18 17 16

F2 proportions: 1/16 2/16 1/16 2/16 4/16 2/16 1/16 2/16 1/16

Additive and DominanceEffects (No 

Environmental Effects)



HERITABILITY

h2 = additive genetic variance (VA)/ phenotypic variance (VP)

Heritability ranges from 0 to 1

The term heritability (h2) refers to the amount of phenotypic

variation within a group of individuals that is due to genetic 

variation.

If all of the phenotypic variation in a group is due to genetic

variation, the heritability would havea valueof 1

If all of the variation is due to environmental effects, the

heritability would equal 0.



Heritability

Broad-sense heritability    H2 =  VG/VP

Narrow-sense heritability  h2 =  VA/VP

VP           =      VA +    VD      +    VE

1.333   = 1.0   + 0.333  + 0

= 1.0

= 0.75



Estimating Genetic Variance and Heritability

•Experimental manipulation, or breeding, can either

reduce or eliminate the environmental or genetic

variance components and make it possible to

estimate the complement variance component

•Eg:- If VG = 0, then VP = VE, or if VE = 0 , then VP =

VG ,

•the genetic variation is zero or near zero in inbred

lines, clones, identical twins and repeated

measurements on the same individual



•Identical (monozygotic) twins have the same genotype; thus

any difference between the twins should be the result of env.

factors.

Correlations Heritability

Monozygotic twins (rM) Dizygotic Twins(rD)

Fingerprint-ridge count 0.96 0.47 0.98

Height 0.90 0.57 0.66

IQ Score 0.83 0.66 0.34

Correlation value is 1.0 –Paired individuals have the same phenotypic value

Correlation value is 0.0 - traits are uncorrelated among paired individuals

h2 = 2 (rM - rD )



THE UNIVARIATE BREEDERS’ EQUATION:
The difference in the parental mean and the offspring mean is called the 

response (R).

R = h2 S

Response to Selection Selection differential

Heritability

Where:

P

A2

V

V
h =

(Additive Genetic Variance)

(Phenotypic Variance)



Breederôs Equation

ÅR = h2 S

ÅS = Selection differential

difference between selected parents and the mean of 

all the individuals in the parental population.

ÅR = response to selection

difference in the parental mean and the offspring 

mean



S

RESPONSE TO SELECTION WHEN h2 = 1/3 

ÁThe selection differential 

(S) = mean of selected 

individuals –mean of the 

base population

ÁThe response to 

selection:

R = h2S

S



ARTIFICIAL SELECTION IN DOMESTIC ANIMALS

ÁGrey Jungle fowl



Cabbage, Cauliflower, Brussels sproutsé. Have been

Originated from a common wild species of Brassica

oleracea



Breederôs Equation

R = h2 S

A dog breeder chooses his largest dogs to breed 
together.  The average height of the breed is 60 
cm (at the shoulder), and the dogs he chooses to 
breed average 70 cm tall.

He knows from previous work that the heritability 
of height is 0.5.

How big can he expect the offspring to be?

R = h2 S = 0.5 * 10cm = 5cm



Breederôs Equation

R = h2 S = 0.5 * 10 cm = 5 cm

If the response to selection is 5 cm, he can 
expect his puppies to grow to be

60 cm + 5 cm = 65 cm tall



Exactly the same equation can be 

used to understand natural 

selection!



Efficacy of natural selection:

Darwin’s finches



If large bills are 

favored in 

drought years, 

h2 = 0.8



Example

•In Drosophila, the mean number of bristles on 
the thorax (top surface only) is 6.4.

•From this population, a group was chosen which 
had an average bristle number of 7.2.

•The offspring of the chosen group had an 
average of 6.6 bristles.

•h = (next gen - original) / (selected - original)

•h = (6.6 - 6.4) / (7.2 - 6.4)

•h = 0.2 / 0.8

•h = 0.25



Summary of Equations

ÅYou will need to know these equations, 

ÅVP = VG + VE

Åfor an INBRED population, VP = VE, because  VG = 
0

ÅH = VG / VP

ÅVG = VA + VD

Åh = VA / VP

Åh = (next gen - original) / (selected - original)



Problem

•In a quest to make bigger frogs, scientists started 
with a random bred population of frogs with an 
average weight of 500 g.  They chose a group with 
average weight 600 g to be the parents of the next 
generation.  A few other facts: VE = 1340, VA = 870, 
VD = 410.

•What is the genetic variance? 

•What is the total variance? 

•What is the broad sense heritability? 

•What is the narrow sense heritability? 

•What is the mean weight of the next generation? 



Answers

•In a quest to make bigger frogs, scientists started 
with a random bred population of frogs with an 
average weight of 500 g.  They chose a group with 
average weight 600 g to be the parents of the next 
generation.  A few other facts: VE = 1340, VA = 870, 
VD = 410.

•What is the genetic variance? VG = VA + VD = 1280

•What is the total variance? VT = VG + VE = 2620

•What is the broad sense heritability? H = VG / VT = 0.49

•What is the narrow sense heritability? h = VA / VT = 0.33

•What is the mean weight of the next generation? 
h = (next gen - original) / (selected - original)

0.33 = (next_gen - 500) / (600 - 500) = 533 g


