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IDENTIFICATION AND MANAGEMENT OF ALLELES

IMPAIRING HEIFER FERTILITY WHILE
OPTIMIZING GENETIC GAIN IN ANGUS CATTLE

Background & Rationale

»Productivity and sustainability of beef production are
dependent upon maximizing the number of females that

conceive early in the breeding season.

»Angus breed accounts for ~ 70% or more of genetics in US
beef production systems (likely to increase)

»Increased use of Al in the Angus breed has resulted in a
reduction in diversity due to a narrowing of the genetic base
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Background & Rationale

»Long-term goal: Improve the reproductive rate of US beef
cattle within the context of selection to improve overall

profitability to the herd

»Improvement of reproductive efficiency of the US beef herd...
»Requires an integrated, systematic effort involving research and extension
scientists in partnership with industry stakeholders and commercial cattle

producers

Mean inbreeding coefficients by birth year for 76,083 Angus animals forming a
64 generation pedigree including 3,570 genotyped animals. Effective population
size (N: = 116.15 £ 0.04) was estimated for animals born >1980.
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Deregressed EBVs for Yearling Weight of 2,755 registered Angus bulls
demonstrates that breeders have achieved an average increase of 4.96 Ib
per year (blue line) over a 50 year period.

Background & Rationale

»Accumulation of inbreeding leads to homozygosity of alleles
that reduce fitness (reproduction and survival)

»Homozygosity of alleles with deleterious effects on development or
survival increases the overall probability of embryonic and early
developmental lethals

»Presumably calves that are homozygous for a loss of function
(LOF) allele will abort, be born dead, die soon after birth, or

will never be observed in live animals thus inferring that the
allele is lethal
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Deregressed EBV for Heifer Pregnancy Rate for 698 registered Angus bulls indicates that
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Project Goals and Background

» Tremendous gains in other production traits
. Haven't seen these same gains in fertility-related traits

*No secret that reproduction is a very important trait in the
cowherd
- Improve reproductive rate in US beef cattle

- Does not sacrifice performrancein other ERT
- Inrproves overall profitability of the cowherd

2 ways to increase fertility:
- Maximize number of females that conceive early in the breeding
season

- Maintain pregnancies that are achieved
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How can Genetics Impact Fertility?

eLet's review the basics of genetics
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Broken Genes

- Broken genes can be a major problem
- Some genes are essential for life
. Basically-you don't have a functional copy of that
gene, youdie

+ 2 chancestogetafunctionalcopy (2 chr)
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Each Parent Contributes an Allele When all goes well....

When we have carriers.... When we have 2 carriers....

= O!

Bull Genotype: Aa
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Broken Genes

*Why do lethal alleles matter?
. All have seen effects of other lethal alleles (AA, NH, TH, etc.)
. Managing matings to avoid affected calves is good for profit and good for
welfare

* Also have early embryonic lethals
- Same concept, never see
+ Open cows, slover tobreed badk, abort and come backinto heat
. Whenthe is needed for developrrent, developrrent stops, the cowfails to
conceive/aborts, comes backinto heat

What mutations are *
never homozygous? |

homozygous
or canier, calfisbom
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When Do You See Open Cows?

ro-nuclear stage Bovine blastocyst

(hours after fertilization) (day 7)

Day 33 bovine embryo
W T o

How Do We Detect And Test If
Variants Are Lethal?

° 1. Sequence
genomes of a
large number of

animals
*  Which mutations
are never

homozygousin

live animals? _
Which have large | *~pmm i |
predicted :
changesin

protein
structure?
Which have been
showntobein
enes essential
life in other
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How Do We Detect And Test If
Variants Are Lethal?

2. Take the mutations

from step 1
(candidates) and build

a genotyping chip

3. Validate the

candidate mutations

*  Genotypealarge nuber of
animels onthechip

* 11,506 (mostly Angus)
heifers genotyped

% 18,272 animals total on the chip

* Whichcandidates arestill
not seen as homozygous?

Limitations of this Approach

e Limited by the number of animals that have been sequenced
- If not sequenced, may miss rare variants they possess
*Looking for variations in genes
. Miss anything that may be important but not in a gene (the majority of the
genome)
. Regulate gene expression

¢ Dependent on the quality of the genome sequence
. Missing genes or portions of genes
- Improving the sequence assembly improves ability to ID variants in
genes/functional variants
« This vas just done!
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The Future

Candidates can be placed on commercial genotyping
assays

° Important step!
Ongoing process

* New candidate mutations discovered and added to
genotyping assays as more animals sequenced

* Old candidates eliminated as more animals are genotyped
+ Fnda

+ Hardtofind homozygous aninels for mutations at very lowfrequencyinthe
population

The Next Steps

. Narrow down and identify candidate
lethal mutations
2,224 candidates
- Carnot all be lethal
- Bhiseegndi isipd revs,
- Youcanmanageitif you
knowabout it!

- Hopefully, incorporate into
Eggpsmercially available genotype

. Continuously-evolving process!

. How do we use this information?
+ Needs perspective
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How Important is a Mutation?

Carry same W@iber of lethals But have very different effects
on fertility due to how common they are in the population

How Can The Beef Industry Use This Information?

> Develop decision supportsoftware to optimize breeding schemes via

implementation of selection indexes and mate selection based onsire and dam
recessive lethal genotypes

> Develop software to handle the mutations discovered

in this project, and deliver selection and mating recommendations
to US beef breeders that exploit this information optimally in
competition with other factors of importance

(e.g. trait merit, genetic diversity (inbreeding), genetic defects

and recessive lethals, logistical constraints, semen costs, etc.)

Dr. Alison Van Eenennaam Dr. Brian Kinghorn

Professor Emeritus Professor
University of California-Davis University of New England
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How Can The Beef Industry Use This Information?

> Develop sector-leveleconomic effects of increasing reproductive rates
> Using astructural econometric model of the US cattle sector, this portion of the project
would provide a value to the expected increase in pregnancy rate that would result through

investigation of recessive developmentally lethal alleles.

Dr. Scott Brown

University of Missouri

» Develop selection indexes thatsupport multi-trait selection, inclusive of fertility

traits

> Develop selection indexes that incorporate fertility of females (including heifers) in the context of
cow-calf and feedlot production with quality and yield grade based marketing of beef

Dr. Mike MacNeil

Delta G

To Learn More:

*Beefreproduction.org
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Questions?

Copyright 2008 by Randy Glasbergen. www.glasbergen.com
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“In an incr 1 P world,

old questions require new answers.”
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