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P=G+E
• P = Phenotypes (a.k.a. Performance Records)
• G = Genotype (Single vs. Multiple Locations)
• E = Environment (Temporary & Permanent)
How did we arrive here?

A Basic Review of

GENETIC INHERITANCE

Cattle Karyotype
(from Wikimedia.org)

DNA Structure - Basics
• Cells house a nucleus
and mitochondria, both
contain DNA.
• DNA can be viewed
as:
•
•
•
•

Chromosomes
Sequence
Genes/Coding
Regions
Alleles

• Most of it is junk?
https://d2gne97vdumgn3.cloudfront.net/api/file/8wChD3WNR2SNqtEbQ38u

Genes
•

Informal: “a unit of heredity that is
transferred from a parent to offspring and
is held to determine some characteristics
of the offspring” (from Dictionary.com)

•

In short – they are genetic units of
heredity!
– The role these genes play in biological
pathways can vary drastically.
– This is important as biological
pathways result in the phenotypes we
see!

Alleles & Genotypes
• Cattle are diploid organisms – so they have two complete copies of
DNA
– Within an animal and across animals in a population, a gene may have different
sequences in the DNA.

• Each sequence type of the same gene is considered an allele.
• Within an animal, the pair of alleles for a given gene is called a
genotype.
– Homozygous = two copies of the same allele
– Heterozygous = two different alleles

Mendelian
Inheritance

• Example (Single Gene)

Gregor Mendel proposed two
laws based on inheritance:
• Law of Segregation
•

Parent to offspring (1/2 relationship,
“by chance”)

• Law of Independent Assortment
•

•

Each allele within a gene and across
genes are inherited independent of
the other.
This is known not to be true as some
genes are on the same chromosome
and/or have linkage disequilibrium
with other genes.

Knowgenetics.org

Gene Action
Additive

Dominance

Epistasis

• Each allele
contributes
equally
• Heterozygote
is intermediate

• Interaction of
alleles within
a gene.
• One allele
“masks” the
expression of
the other (to
some degree)

• Interaction of
alleles/
genotypes
across genes
• Can take
various forms.

Which One Can Breed Better?
Additive

Dominance

• A = +4
• a = +2

• B = +4
• b = +2

• AA = +8
• Aa = +6
• aa = +4

• BB = +4
• Bb = +4
• bb = +2

Which One Can Breed Better?
Epistasis
• C,D (alone) = +4
• c,d = +2
• CCDD, CcDD, CCDd, CcDd = +9
• CCdd, Ccdd, ccDD, ccDd = +4
• ccdd = +2

Genetics
•

By definition, refers to the science of genes,
heredity, and variation in living organisms.

•

Usually follows the inheritance of traits from
one generation to the next, typically in the
form of gene:
–
–
–
–

•

structure and function (molecular)
behavior (additive, dominance, epistasis)
distribution (genome)
variation and change in a population(s).

Does not require us to know the exact causal
points that influence traits.
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Genomics
•

By definition, refers to the discipline within genetics that focuses on DNA
properties as well as the function and structure of genomes.
– A genome is the complete set of DNA within a single cell of a living organism.
Consist of all chromosomes and mitochondrial DNA.

•

Function and structure of genomes
involves understanding:
–
–
–
–

Heterosis/Hybrid Vigor
Epistasis
Pleiotropy
And other interactions between
genes, alleles, and the environment.
High Density
Marker Panel

Vs.

Low Density
Marker Panel

What are Molecular or
Genomic Tests?
•

Both refer to genotyping an organism (in our case
cattle) for either a handful of markers (Molecular) or
markers across the entire genome (Genomic).

•

There are several types of DNA markers, but the most
common are Single Nucleotide Polymorphisms or SNP.

•

Common Molecular Tests:
– Parentage
– Genetic Defects
– Trait/Goal Specific Panels

•

Several genomic panels have been developed for
commercial and/or research purposes.
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What do we mean by

“ANIMAL BREEDING”?

Animal Breeding Goals
• Animal Breeding:
– Utilizing genetic principles
to improve livestock
– Understanding genetic
value of livestock for
selection purposes
– Choosing breeding stock
based on genetic merit

• Breeding Goal: Defining
a set of traits to be
improved or maintained
(genetically) in a given
production system.
• A economic indices are
estimates of breeding
goals.

Economically Relevant Trait
Credit: Paul Holland

• ERT is a trait that directly impacts
cost or revenue.
– Cow/Calf operation that sells calves
at weaning  weaning weight

• Incomplete observations or cost prohibitive traits
make it challenging to select on
– Carcass for breeding animals; longevity/stability for females

Credit: Paul Holland

Indicator Trait
• An indicator trait does not have a direct
effect on cost or revenue, but is related
to an ERT.
• Example:
– Weaning Weight: Birth Weight
– Longevity and Stability: Calving Records, Days to
Calving, Calving Interval, Milk Production

Biological Efficiency
• “The capacity to convert physical inputs into marketable
product under prevailing production conditions.” – D.
Notter (2002 BIF Proceedings)

• Individual-animal level vs.
industry level
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Economic Efficiency
• Ratio of production cost per unit of animal
product (Dickerson, 1976)
– Avoids market
fluctuations and
stabilizes selection
programs.
– Need ERT
– Economic Indices
© Lauren Hanna

Traits can be:
• Simple: controlled by only a few genes (usually 1 or 2)
– e.g., Red vs. Black; Double muscling; certain genetic defects

• Complex: controlled by several, sometimes hundreds or thousands, of
genes as well as the environment. P = G + E  Most Production Traits!
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Characteristics and Selection on

COMPLEX TRAITS

Trait Architecture – The Basics
Diet,
Management,
Season, etc.?

Phenotype

Genotype

Additive
(i.e., BV)

Dominance

Environment

Epistasis

Permanent

Temporary

Genetic Relationship
• Important for understanding the additive genetic similarity of a
population (through pedigree and/or marker genotypes).
• Therefore, additive relationships measure the covariance of
breeding values among relatives.
• Important considerations for selecting breeding animals are current:
– Relationship coefficients
– Inbreeding coefficients

Heritability
• Is a function of the phenotypic variation in that population.
– Weaning weight variation of 450 – 650 lb VS. 350 – 750 lb

• Considers the additive gene action of that trait relative to the total
phenotypic variation (ℎ2 = 𝜎𝐴2 Τ𝜎𝑃2 ).
– Based on pedigree & records, can also include marker genotypes

• Keep in mind, if no phenotypic variation exists, then heritability is
zero… even if we know it is due to genetics!

Contemporary
Groups
• Set of animals grouped together based
on shared characteristics during a
particular phase in their life.
• Groups define which animals had an
equal opportunity for expressing their
genetic merit given that environment.
– Essential to report accurate dates and other
grouping information to the breed association!
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Adjustment Factors
• Some environmental factors are well
studied for production traits.
• Can determine common adjustment factors
using large scale evaluations of that trait
(within and across breeds).

7-yr old Cow: BW + 0 lb
Vs.
2-yr old Cow: BW + 8 lb

• BIF or breed associations report these.
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Visual Appraisals
• The use of physical characteristics of an animal to assist with
selection for breeding or production use.
– No actual measurement though…

• Can determine the significance of frame size, muscle and body
structure, conformation, temperament, and so on that may or may
not conform to your production goals.
• Regardless of additional technologies and techniques, visual
evaluation should always be a part of the selection process.

Performance Records
• Recorded characteristics of an animal to assist
with selection for breeding or production use.
– Can use parents, siblings, and other relatives to
assist

• Standard guidelines (BIF, breed associations)
for consistent recording.
• To get at genetic merit, then records need to
be reported to the respective breed association
– whole herd reporting is best! Why?

Genetic/Genomic Predictions
• Breed associations report EPDs on animals, which are estimates of
an animal’s true transmitting ability.
– Transmitting ability: a measure of additive genotype for a complex trait
– The number given as an EPD is the predicted deviation of that animal’s offspring
from the offspring of an animal who meets the average performance.
– Expressed in both negative and positive values with units of that trait, however,
EPD are not physical measures of that trait.

• Should always take into consideration:
– Accuracy of prediction – estimate is only as good as the information used!
– Other traits of importance – improvement in one trait may also cause worse
performance of another!
– Visual appraisal/evaluation.

Selection Indices
• A method that weights the performance or EPD of each character
and then sums the product of those weighted characters to
determine the index value.
• Selection indexes are estimates of a breeding goal. Often expressed
in units of dollar value ($) or desired gains
• Combine performance records and EPD on multiple traits into a
single value.
– Difficult to calculate on an individual producer basis, therefore breed associations
report ones that are of interest across a wide array of producers.

Selection Response
• The change in the average of
a trait due to selection for
that trait (per generation).
– Can measure on an annual
basis

• Influenced by the selection
pressure, heritability, genetic
variation, and accuracy of
selection.
https://en.wikipedia.org/wiki/Heritability

Breeding Systems
• Profitability in the production system is a function of the cost of
inputs, the efficiency of the production, and the value of the
products that are produced.
• Genetic factors that can affect efficiency and/or profitability include:
▪ (Breed) characteristics of the animals produced.
▪ Hybrid vigor (if crossbreeding is being used) that occurs in the offspring
(i.e., direct), the dams (i.e., maternal), and/or in the sires (i.e., paternal).
▪ (Breed) characteristics of the sires and dams (i.e., production system
complementarity)
Producers/breeders should have clear and set
goals for their production operation!
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Additional Questions?
Thank you for your time and attention!

