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Genetic Improvement

Trying to breed better animals which leave more profit

|dentify and select the animals with the best ‘genes’ for traits
of economic importance

Next generation should be better than the previous
generation and so on....



~

Figure 2. Improvements in feed conversion ratio. Feed requirements moved from 836 |bs to
produce a 220 market hog in 1972 to 715 Ibs of feed in 2007 to produce a 275 |b market hog,
(Adapted from Graham Plastow, 2012)



905 g 1,808 g 4202 ¢

The three chickens you see above were raised on the exact same diet, for the same
length of time, and under the same conditions. The left-hand chicken is a breed from

1957. The middle chicken is a breed from 1978. The right-hand one is a breed from
2005.



U.S. dairy population and milk yield

30 10,000

8,000

n
-
=
£
7
3
(@)
O

40 50 60 70 80 90 00
Year

Embrapa Gado de Leite, Juizde Fora, MG, Brasil 10September2014 (2)




Breeding Objectives

What about the future???
Longevity What is the relative

Importance of each?
Growth Rate P

I'Milk yield

Health ~ fther traits.....
‘ Docility
Fertility &

Beef

Feed intake

© Irish Cattle Breeding Federation Soc. Ltd 2010 6 (I ‘ B F
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Table 1. Economic values and % emphasis of the various traits in the EBI formula.

2014 Economic values and % emphasis for traits in the EBI

. Economic Trait Overall
Sub-Index Trait ) . :
Weight Emphasis Emphasis
Milk -€0.09 10.6%
Production | Fat €1.04 3.4% 33%
Protein £€6.64 18.9%
. Calving Interval -€12.43 24.0%
Fertility 35%
Survival €12.01 10.9%
Direct Calving Difficulty -€3.52 2.8%
) Maternal Calving Difficulty -€1.73 1.3%
Calving - 9% \
Gestation Length -€7.49 4.1%
Calf Mortality -€£2.58 1.0%
Cull Cow Weight €0.15 0.7% /
Carcass Weight €1.38 5.1%
Beef 9%
Carcass Conformation £€10.32 1.7%
Carcase Fat -€11.71 1.1%
Maintenance |Cull Cow Weight -€£1.65 7.2% 7%
Milking Time -€0.25 2.1%
Management — 4%
Milking Temperament €33.69 1.9%
Lameness -€54.26 0.6%
Health SCC -€43.49 1.8% 3%
Mastitis -€77.10 0.8%
Animal Details « Search Again
Al Code: OHT Breed: LM (100%) Pedigree Status: PED
Animal Name:  ROUNDHILL HUNTER Owner: GENEIRELAND MATERNAL PROGR Sire: VIVALDI /W
National 1D: |E241280201413 Date of Birth: 22-0CT-2012 Dam: ROUNDHILL AJOYEUSE 922 (ET) / |IE241280240
International ID: LIMIRLM241280201413 Date of Aug 2015 MGS: OTAN/ OTX
Evaluation:

El" o- Replacement Graphics || Terminal Graphics | Linear Type || Pedigree | PrevEval

Star Rating

(within Limousin breed)

LB & 8 & 1

LE & 8 & 4

Star Rating

(within Limousin breed)

LB & &

L B B & 4

L B B & 4

Economic Indexes

Replacement (per daughter lactation)
Mstarnal Cow Traits
Matarnal Frogany Traita

Terminal {per progany)

Dairy Beef

Key profit traits

Index reliability
£111 36% (Low)
230 EIEY
281 483
€120 45% (Average)
€ % (NVA)

Trait reliability

Expected progeny performance

Calving difficulty (% 3 & 4) [:]
Brsed ave: 4.85%, All breeds sve: 4 49%

Docility (1-5 scale)
Braed ave: -0.08, All brasds ave: 0.00

eight (kg)
21.88kg. All brascs ave: 13.98kg

nformation (1-15 scale)
ve: 1.00, All breds ave: 1.23

Expected daughter breeding performance
= e rege i Perlupance

. 70%
6.30% i
-0.05 48%
cals
28kg
233

acals

Star Rating

(acrosa all besf breeds)

LE & & & 1

LE & & &

Star Rating

(acroes all besf breeds)

L B B b

L B B & 4

(ICBF

com




Achieving Genetic Gain

Genetic improvement is dependant upon;
- Accurate data (the key element)
- ID & ancestry (Sire, Dam, DOB.....)

- Performance for profitable traits (milk, beef,
calving, health etc)

- Genetic indices focused on profitable traits e.qg.,
Economic Breeding Index, Euro-Stars;

- Effective breeding program so that farmers have
access to the best genetics to increase
profitability (Gene Ireland)

© Irish Cattle Breeding Federation Soc. Ltd 2010 8 I ‘ B F



Al Companies

Milk Recording

[ Herd Books
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Recording Life Cycle of
Dairy Cow

- Event Information for genetic evaluations

1  Birth of animal Sire, Dam, Calving ease, gestation, mortality

C &%
© Irish Cattle Breeding Federation Soc. Ltd 2010 10 I B F.com




Data Capture
_ lEvent _ |DaaCapre

1  Birth of animal Dept Ag E-reg or white card, Farm Software,
Animal Events

Calving @3yr Same as 1

2 Sold at Mart? Information direct from marts

3 Calving @2yr Same as 1

4  Milk Recording  EDIY, Milk recording technician

5 Insemination(s) Farmer recorded, Al technician

6 Other Events Farmer, Vet, Herdbook, Farm Relief
7/ Liveweight Farmer, weight recording provider
8

9

Culled Information direct from factory

(ICBF.

© Irish Cattle Breeding Federation Soc. Ltd 2010
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Real-Time Fertility Data

Al handhelds;

- Linked directly to
database (GPRS)

- All cows on hand-held
- Inbreeding check.
- Docket printed on-farm

- Copy of data sent to
database

- “fertility management’
reports

- Bull Fertility

e ————e

© Irish Cattle Breeding Federation Soc. Ltd 2010




Breeding Indexes

Use data to conduct a genetic evaluation for
each animal

Gives an idea to how superior their genes
are

Need to combine the genetic evaluation
with the economic value of each trait

Combined into an overall index and Sub-
indexes

© Irish Cattle Breeding Federation Soc. Ltd 2010 13 I ‘ B F



Genetic Improvement

Is the trait economically important?

Is there data/can it be collected easily?

Is Heritability > O

Calculate a breeding value (PTA) & reliability

Combine into overall & sub index

Make Selection Decisions

y ICBE®



Response to selection

Response to selection is determined by 4 factors:

1. Genetic variation

2. Accuracy of selection (i.e. reliability)
3. Selection intensity
4. Generation Interval

How to determine aresponse to selection

1.

2.
3.
4

How large are the heritable differences between individuals??
How precise do we know their true breeding value??
Selection of the very best individuals??

How often can we select per unit of time??

© Irish Cattle Breeding Federation Soc. Ltd 2010 15 I ‘ B F



Genetic Improvement

information... .. h?
“* Accuracy<«”
Intensity ‘ Variation
AGy, = C
Genetic gain |
Generation
interval

Several trade-offs at play

i tle Breeding Federation Soc. Ltd 2010 I B F
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Genetic Variation (o)

« Most economically important traits controlled by genes at
many loci

* Few genes with large effects, many with small effect

« Performance follows a smooth bell shaped distribution —
normal distribution

Distribution of Milk Yield

3000

2500

2000

1500

® Frequency
1000

500

1 i,
0 IIIIII IIIII'II---
....................................
O 0O 0000 O O B
cleNeReBeReRele)
O T O N OO F ® %)
8 T 7777 ICBF

com
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Accuracy (r)
 Depends on 3 main factors

1. Heritability

2. The source of information on which selection is based
(e.g., own performance, progeny, relative)

3. The amount of information available from relatives

Genes in
|nf0rmati0n from Relationship common
. Identical twins; clones 100%
relatives depends on the |parent-offspring 50%
- . Full siblings 50%
proportlon Of geneS In Grandparent-grandchild 25%
common between Half siblings 25%
. . aunt/uncle-nephew/niece 25%
selection candidate and |creat grandparent-great
. grandchild 12.5%
rel ative First cousins 12.5%

© Irish Cattle Breeding Federation Soc. Ltd 2010 19 I ‘ B F



Selection Intensity (i)
« Number of animals selected for breeding in
relation to all animals available for selection

 The lower the number of animals selected
the higher the selection intensity

3

N
[

/
4
/
/

100 90 80 70 60 50 40 30 20 10 1
Proportion of animals selected
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Selection Intensity (i)




Generation Interval (L)
« Generation Interval (L) is the average age of
the parents when their offspring are born
« Can be different for males and female
 Range of animals at different ages

Dairy Cattle* 4 to 6 years
Beef Cattle* 4 to 6 years
Horses 8 to 12 years
Pigs 1.5 to 2 years
Chickens 1 to 1.5 years
Sheep 3 to 5 years

© Irish Cattle Breeding Federation Soc. Ltd 2010 22 I ‘ B F



Heritability

e Heritability is the proportion of observed
differences in a trait among individuals of a
population that is due to genetic differences

e Or the amount on offspring resembles its parent
for a particular trait

e Central concept in animal breeding — no
heritability -> no genetic selection possible

© Irish Cattle Breeding Federation Soc. Ltd 2010 23 I ‘ B F



Heritability

e If h%is high then genetics play a large role in the
phenotype observed

e If h?is low non-genetic factors play a much larger
role in the phenotype

e If h?is high need fewer records to get high
accuracy/reliability

e If h?is low need many more records to get to high
accuracy

e Expressed 0to 100% or0Oto1l

© Irish Cattle Breeding Federation Soc. Ltd 2010 24 I ‘ B F



Heritability and Accuracy

g1

g 05 Herttability = 0.5 {somme carcass - B
2 "7 traits) ——— -
8 gl //f"ﬁ'eritabﬂity =025 (growth traits)
g P
= -
o 0.7+ -~ o
ﬁL - Heritahility = 0.1 (scme
~ 054 reproduction traits)
i
S 051
é 0.4
=
¥
o 0.3
o
o 0.2-
[
&
o 0.1+
o
c% 0 f f f f f f i f f f f f f f f i
1 & 11 18 21 26 31 3% 41 46 51 6 61 66 T1 76
Mumber of progeny evalua
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Heritability

Cattle Swine Poultry Sheep Salmon Horse Human
. h2 will not be igiigiigfigiigigiigs
constant 10 - | 10
across 0ol - fagtount oo
populations T - Helgit I

e 0.8 + + 0.8

e Specific for a I ]
population 0.7 + =Fa% - Weight + 0.7
and fOf d E 0.6 —+ = Siatura Egg = Meal size + 0.6

= - = weight .
range Of '% 05 1+ - Back- ’ . - Character 1 05

environments| = I “ = Diormoter = Fsh :
T 047 T e = weignt T 04
03 { TEF oy - cu - Lo

. Pulling |
0.2 —+ - Claws - Egg - Maturation o ability + 0.2

B - Temo- “ number - Litter age - .Ju:;ping -
01 <+ erament _ Fertility o Featkher slze == Dressage 4+ 01

| Fertility PECHIN _ Fertility o Dressing % i
0.0 L L+ 0.0
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Estimating h? - Objective

- DIY milk meters ;t
- Average milk yield recorded every 5 y |
seconds = L
. . o |
- Milking duration Eg

- Flow rates (max., average)

. 370,597 records from 121,335
lactations on 1,365 farms during the "
year 2012 |

- h?=0.18

. ICBE®



Milk flow characteristics

Milk yield (kg)

Milking duration (seconds)

© Irish Cattle Breeding Federation Soc. Ltd 2010 28 I ‘ B F



Estimating h? - Subjective

LEL BAS1 Beef Data & Genomics Programme [ ICB F@%
" . i com
O] % Requirement 2: Animal Survey
Herd Id: Date: 09-Oct-2015
The calves listed below were alive and in your herd at Calf Docility Calf Quality
5 months of age. Calf quality and calf docility must be VG = Vorv Good | Verv G e — Vere Goog
: i . . = Very Goo ery Cuiet = Very Goo
recorded on all animals in this section. G = Good / Quiet G = Good
A = Average A = Average
Calf Ear Tag Birth Date P = Poor/ Difficult P =Poor
Number VP =Very Poor ! Very Difficult VP = Very Poor
(Ensure a value is circled) {Ensure a value is circled)
{05
:ﬂﬁg; '0368 16-Jan-2015 VG G A P VP VG G A P VP
Hﬂii i“ 10379 12-Apr-2015 VG G A P VP VG G A P VP
[0
A 30377 12-Apr-2015 VG G A P VP VG G A P VP

HE(E g!l 0378 12-Apr-2015

VG G A P VP

VG G A P VP




[ , . . .
€ > C f [ wwwsnpedia.com/index.php/Heritability
|0] Outlook Web App- ... &% ®ichf.comInbox - A.. Y LabTracking ) IGENOP | File Based ... ) ICBF | Lab Record Sa... {2 Animal Search [ ICBF Web Applicatii

Medical Condition / Topic % Heritability Eat. % References %
Age-related macular degeneration 49-71% [PMID 9869796]
Alcoholism 50 - B0% [PMID 19785977]
Alzheimer's disease 98 - 79% [PMID 16461860)
Anorexia nsrvosa of - 79% [PMID 19828139)
Asthma 30% [PMID 16117840]
Attention dsficit hyperactivity disorder | 70% [PMID 22833045]
Autism 30 - 90% [PMID 17033636]
Bipolar disorder 70% [PMID 14801036]
Bladder cancer 7-31% [PMID 21927616]
Blood pressure, diastolic 49% [PMID 19858476]
Blood pressurs, systolic 30% [PMID 22479213]
Body mass index 23-91% [PMID 25383972, PMID 18271028]
Bone mineral density 44 - 87% [PMID 15750698, PMID 16025191]
Breast cancer 25 - 96% [PMID 11979442, PMID 2481011]
Csliac diseasse oF - 87% [11
Cervical cancer 22% [PMID 11979442)
Chronic obstructive pulmonary disease | /6% [PMID 20541380)
Colon cancer 13% [PMID 11979442)
Coronary artery dissase 49% [PMID 15710764)
Crohn's dissasse 53% [PMID 3356969]
Dspression o0% [PMID 15877308]
Epilepsy 70 - 88% [PMID 11325572]
Eye color 98% [PMID 9152135]
Csliac dizeass 57 -87% [PMID 16354797]
Gallstone dissase 25% [PMID 15747383]
Glaucoma 36 - 57% [PMID 14891154]
Graves' disease 79% [PMID 11158069]
Hair curliness 85-85% [PMID 19803779)
Hangovsr 24-45% [PMID 25098862]
Hsart disease 34 - 53% [PMID 10892820]




Breeding Programme

- An effective breeding programme is necessary
to ensure an adequate supply of top bulls each
yvear to allow farmers to increase profitability
from breeding over time

- Without this genetic gain will stagnate

- GENE€ IRELAND is name given to both dairy and
beef breeding programmes in Ireland

© Irish Cattle Breeding Federation Soc. Ltd 2010 31 I ‘ B F



Why GENE IRELAND?

- Farmers need a new top bull each year.

- How quickly do we want to make
progress?

- More progress = more top bulls.

- Program focused on EBI & Euro-Stars

- Historically tested bulls were not Irish

- Dairy Launched in Spring 2005

- Beef launched in 2008 & changed in 2014

. ICBE®



Elite Cows

Fall through
system

Mixture of progeny
Good on average

Young Test
Sires Mated to
General cow pop




GENE€ IRELAND

Qualified (Gl)
Maternal Bull Breeder Herds

_______________

@ Pedigree Beef Herds =¥ Fie F :

‘Bull Breeder’ P+ ezl vy
Qualification Process

500
Al Inseminations

e dedi

Commercial Suckler Herds | Commerical Suckler Cows

500 Straws
in Storage

W 7 e

Commerical Progeny

Top Material
Bulls Selected

On-Farm ‘ Tully |

Calving | Growth ‘
Docility FCE
Recommendéd gull rtility Carcass
Breader Ljjg¢ Rk Tendernegly]

¢ Datw  Data e |
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Gene Ireland

Average Replacement Index values of
Beef Gene Ireland Bulls (2007-2014)

€180
€160 -
€140 -
€120
€100
£80
€60 -
€40 1 €53
£20
£0

2007 2008 2009 2010 2011 2012 2013 2014

Breeding profitable Suckler Cows for the National Herd.

(ICBF.

com
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ICBFO.

GENE IRELAND®

Breeding future Profits

Autumn 2015 Dairy Bull’s

Beef Gene Ireland Maternal Progeny Test Program
Youngbull Panel - Autumn 2015

) Gene Ireland Maternal Bull Breeder Program «“.,’

1850-600-900 A

‘0,
S ACLE




Genomics

.- Traditional sources of information
- Ancestry
- Own performance
- Progeny performance

- Takes a long time taking to achieve high
reliability for traits such as fertility

- We know that traits are controlled by genes

- Can we use DNA information to help our
decisions

© Irish Cattle Breeding Federation Soc. Ltd 2010 37 I ‘ B F



Genomics

e Genomics compares an animal’s DNA to older proven animals and
looks for similarities.

e Genetic Indexes are then produced based on the genes inherited
from sire and dam

© Irish Cattle Breeding Federation Soc. Ltd 2010 38 I ‘ B F



Genomics
Thousands of young bulls genotyped

y

30-50 Enter Al

-

Progeny test Calves Born Genomic Selection
=5 years l =1 Zear |
@80% Rel. Returned to Service @60% Rel.

4

Large progeny groups each year thereafter

© Irish Cattle Breeding Federation Soc. Ltd 2010 39 I ‘ B F



IDB SNP CHIP

INTERNATIONAL DAIRY & BEEF
SNP CHIP

sn-

Designed in association with the Irish Cattle Breeding Federation (ICBF), Teaga
Weatherbys and USDA’s Agricultural Research Service.

This custom chip is the very latest design catering for both Beef and Dairy.

The chip consists of the lllumina LD (7K) base content plus a further 10,000 (10K)
SNPs carefully selected to ensure very high imputation accuracy to HD & to convert
to Microsatellite data for parentage verification. This extra panel of SNPs provides
the very latest dual product for both Beef & Dairy breeds.

Both the core and additional ISAG recommended SNP parentage panels are
present on the chip.

The IDB also contains a comprehensive selection of genetic markers to screen for
genetic disorders & major genes.

© Irish Cattle Breeding Federation Soc. Ltd 2010

IDB

SC,

40

CHIP CONTENTS FOR DISEASES & TRAITS

Lethal recessives

1 CVM*-Complex Varebral maliormation
2 DUMPS
3 Brachyspina*
4 BLAD
Congenital disorders
1 Arthrogrypesie (Curly Cali)*
2 Fawn Calf Syndrome or Contractural Arachnodactyty™
3 Hypotrichosis PMel1T
4 Hypotrichosis in Balted Galloway, HEPHL1 SNP
5 Hypotrichosis KRT7 1
i} Spederleg- MOCS1 gane- Simmeantal
T Spiderleg- 50U gens- Brown Swiss
8 Pollednass
9 Mule Foot
10 Tibial Hemime&a (TH)*
11 Black/Hed Coat Color/Red Factor
12 Red Aecessive coat colour | Different to red factor)
13 Silver Color Dilutor
4 Dun Color
15  RNF11 (afiects growth and staturs)
16 Ostaopatrosis (Marbée Bone Disaasa)
17 Pink Eya [ Infectious Bovine Kerstoconjunctivitia)
18 Protoporphymia (Photosensitization)
18 SMA- Spinal muscular atrophy
20 Beta Lactoghobuln
21 Beta Mannosidosis
22 Alpha Mannaosidosis
23 Citrulnamia
4 CMDI: Congenital muscular dystonis |
25  CMDIl: Congenital muscular dystonia Il
26 Crooked Tal Syndroms*
27 Factor Xl
28 Femochelatase Gene
20 Hatarochromia lides (Whita Eye)
30 SDOM- Spinal dy=myelination-SRAST Gens
h Idiopathic Epilapsy*
3z Puimonary Hypoplasia®
33 Weaver
4 Mauropathic: hydrocephalus® (water head syndroma)
Major genes
1 DEAT1
2 MSTM (GDFE) Doubls Muscling™
3 Al/AZ beta cassin + *
4-7  Fenility Haplotypes (HH1, HHZ HH3, JH1) 4
5 Koppe Cavin| illumina
i} Kappa Casein |l
[ 4613390006
s Gz AT R LTT
10 IGF-AFDIT143
11 STATT*
12 STAT3*
13 STATS*

Calpain (Tendemass) loci




Genetic Gain

Progeny testing pre genomics

Year -1 |Year O |Year 1 |Year2 |Year 3 |Year4 |Year5
Cows Bull Bulls Daughters | Daughters | Daughter Bulls for
Mated Calves enter born mated calves/milk | widespread
(Famer or Bought GENE recorded Al use

Al decision) IRELAND ~100

Genomic Progeny Testing

Year -1 |Year O |Year 1 |Year 2 |Year 3 |Year4 |Year5
Cows ‘000s 50 (or Calves

Mated Bulls DNA | less) Bulls | born

(Famer or | tested enter Bulls 3 Years Advanced Gain
Al GENE chosen

decision) IRELAND | for Al
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Genomics - Current
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Genetic Improvement

information..,, .h?
“* Accuracy<«”
Intensity Variation
AG,, = 0 &)
Genetic gain |
Generation
interval

Potential to increase rate of genetic gain by 50-100%

C B
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Genetic Gain in EBI.

€160.0

€140.0

€120.0

€100.0

€80.0

€40.0 Phase 1. No genetic
gain. Gains in milk
negated by declme in

2004
2005
2006
2007
2008
2009
2010
12011
2012
2013




