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A lot of detail about the marker

Igenity” L. Know. Now.

Igenity” L. Know. Now.

“The rsuls o the GeneSTAR' st re reported .

VK K12 STARS = o coples of the desivd gene
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@ igenity. L

One SNP was purported to address multiple traits Independent validation of DNA tests
and explain a lot of genetic variation in quantitative

L E http://www.nbcec.org/nbcec/
traits — that made sense to some people — especially
those with no training in quantitative genetics!
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The purposs of the NECEC commercial DNA fes
validation is o independerily veriy associations

and DNA from reference cafile populations.

" The validaion process i a parinership of he ouners
of DNA and phenolypes (e.g.,breed associaions)
and genomics companias, faciliated by the NECEC

A. L. Van Eenennaam, J. Li, R. M. Thallman, R. L.
sackaround Quaas, M. E. Dikeman, C. A. Gill, D. E. Franke, M. G.

< Thomas. 2007. Validation of commercial DNA tests
‘Semple Populations. for quantitative beef quality traits. Journal of
Animal Science. 85:891-900.
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Results reported on 1-10 scale

The IGENITY profile. .
Comprehensive. Practical. Powerful.

IGENITY Profile

It's easy to
understand an
IGENITY profile.

One of the greatest
values of the
IGENITY profile

is that all results
are integrated 01
and provided in
one single profile,
similar to the report
shown here.
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MOLECULAR GENETIC VALUE (MGV) REPORT

Navz Legends of the Wost - Angus Farm SCPORTONTE 0812312006
A0DRESS 13457 Tryjilo Creek Road ORGHAL REFORT 08/23/2006

A 80 MT-00593025

. custouer LWAF - Legends of the West Angus Farm
contact Wes Johnson, Fareman
amezn e Recs Sex mory ST MARBLNG, TENDERNESS

o [ MoV

Angus. AFPauBunvan 19352178 AZ105 M 0142004 05993126 2861 082
Angus AFCaseylones 19352217 AZ112 M OS292004 0530156 1941 e
Angus AFMiamoRiemg 1035238 AZMG M OF102005 0530B1G 4270 015
Angus. AF Geronimo ToI2ue AZIIS M 12202001 0S39815G 1015 410

All four animals represented in the above test result have Tru-Marbling™ and Tru-Tenderness™ MGVs. All MGVs within a trait
have the same accuracy because every animal has the same number of markers in the prediction of genetic potential,

Paul Bunyan and Casey Jones are predicted to grade in the low Select and No Roll USDA grades because of their large
Inegative marbling MGVs. Alamo Rising and Geronimo are predicted to grade in the USDA grades of high Choice and Prime
because of their high MGVs for marbling. MGVs near 0 are expected to grade in the high Select USDA grading category.

Paul Bunyan is predicted to produce tough meat with the larger MGV for Tru-Tenderness™. Casey Jones and Geronimo are pre-
dicted to produce very tender meat. Alamo Rising is predicted to produce acceptable tenderness, bordering on slightly tough.

These results can be used to rank bulls for their genetic potential for marbling and tenderness.

PROCESS
VERIFIED

Pfizer Animal Genetics
aquired Bovigen — started

reporting

wnw bovigen com

wes  Feed Efficiency

results as GPD

was  Quality Grade

GeneSTAR GPD GenesTAR'GPD'
Tenderness Quaity Grade.

384 SNP chip assay
The Power of the IGENITY" profile for Angus

The Amercan Angus Asocation* rough s subsidiny, Anus
et i AGY has  vtion oprovid Angus breeders
i the st sdanced solions f thi genet slction nd
anagerentneees.

1. Dry Matter Intake

2. Birth Weight

3, Mature Height

4. Mature Weight

5. Milk

6. Scrotal Circumference
7. Weaning Weight

8. Yearling Weight

9. Marbling

12.Carcass Weight
13.Tenderness
14.Percent Choice (quality grade)
15.Helfer Pregnancy

16.Maternal Calving Ease
17.Direct Calving Ease
18.Docility

19.Average Daily Gain

20.Feed Efficiency
21.Yearling Height
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. — Calving ease direct

- - Birth weight Lead Today with 50K

High-throughput genotyping
’AW technology enabled the development
of high density "SNP chips”

1

2

3. — Weaning weight

4, - Yearling weight

5. — Yearling height

6. — Mature weight

7. — Mature height

8. — Dry matter intake

9. — Residual feed intake
10.— Scrotal circumference
11.— Docility

12.- Calving ease maternal
13.— Milking ability

14.- Carcass weight

15.— Fat thickness

16.— Ribeye area

17.— Marbling score

18.— Tenderness

The sequencing of the bovine genome
allowed for the development of a 50,000
SNP chip — 50,000 DNA markers evenly
spaced throughout the genome!

(1L

@2 Pfizer Animal Health Res u Its re po rte d
as MVP

Animal Genetics

Animal Biotechnology and Genomics Education

Black Angus Sire EPD Percanties

GARPredstined -~ \‘ B 2008
L || epD Need to integrate DNA information into
National Cattle Evaluation (NCE)

“Information from DNA tests only has value in
selection when incorporated with all other available
forms of performance information for economically
important traits in National Cattle Evaluation (NCE),
and when communicated in the form of an EPD with
a corresponding BIF accuracy.

9 For some economically important traits (e.g. feed

! efficiency), information other than DNA tests may not
be available. Selection tools based on these tests
should still be expressed as EPD within the normal
parameters of NCE " (Tess, 2008).
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Maybe we need quantitative genetics?

EPDs Work

Angus 1.06 (0.09)
Hereford 1.16 (0.07)
Red Angus 1.01 (0.14)
Charolais 1.14 (0.12)
Gelbvieh 1.05 (0.14)
Limousin 1.11 (0.11)
Simmental 1.16 (0.14)

Kuehn and Thalmman, 2016
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Disjoined Information
Quantitative Genetics Solves the Problem

CE BW | WW | YW | MCE | Milk | ME
Adj. 90 700 | 1320
Ratio 101 107
EPD 9 -1.0 50 90 3 11 0
Acc 29 37 30 27 18 19 23
YG | Marb | BF | REA “
Adj. 465% |23 |125
Ratio 106|100 |95 7 6 8
EPD |21 |44 |05 |-39
Acc |32 |31 |33 |34

Two-Step Approach

« Estimate SNP effects. All Animals
imputed to same SNP density

+ Use SNP effects from above.
All animals imputed to same
=1l SNP density

D MBV

Fit MBV

e in NCE

6/1/17

“Phenotypes” for Training

- Two real choices
- EPD or degressed EPD
- Allows more power since EPD contains more information than just
the animal’s own phenotype
- Limited to the traits that have published EPD for that breed
- Must account for variable accuracy of EPD
« Training must mimic the way the EPD was derived
- Potential for highly selected subset

- Phenotypes
- Not limited to published EPD
- Connectedness to larger population may be problematic
- Less information content

Estimation of Genetic Parameters

- “Evaluation” Step

- Evaluate genetic correlations using k-folds
- Use prediction from each fold to evaluate the others
- Two trait mixed linear model
- Pool results across folds

Correlated Trait

- Similar to what has been done before, but now we include
MBV

Yupy  XiBy Z1uy €1
Yivr. = XoBy + Zu; + €

Yuare  X3f3 Z3usg €3

MacNeil et al., 2010

Blending

- Done post evaluation

2
EBY, = 150 szBV+ — Tg ; EBV,

2017 BIF Symposium, Athens, Ga.
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Increased Accuracy-Benefits

- Mitigation of risk
- Faster genetic progress

Vey kvl By
L

- Increased accuracy does not mean higher or lower EPD!
- Increased information can make EPDs go up or down

Impact on Accuracy--%GV=40%
BIF Accuracy of < 0.3

R2=04

o o1 0z 03 o4 05 06 07 08 08 1

4

o8

GanomcsEBY Accuracy

oe

EBV Acuracy

I —
Single Step Approach

« All animals
imputed to
common
SNP density

* Includes
pedigree,
/ N CE phenotypes,

genotypes

2017 BIF Symposium, Athens, Ga.

Accuracy

Table 1. Approximate number of gmgeny needed to reach accuracy levels (true (r) and the BIF
standard) for three heritabilities (h°).

Accuracy Heritability Levels
r BIF 2 (0.1) W2 (0.3) b (0.5)
0.1 0.01 1 1 1
02 0.02 2 1 1
03 0.05 4 2 1
04 0.08 8 3 2
05 0.3 3 5 3
0.6 0.2 2 7 4
0.7 029 38 12 7
03 0.4 70 2 13
09 0.56 167 53 30
0999 0.99 3800 1225 700

Fall 2016 Status
[Breed ___INo.Anim _| LD Impute _| Provider _| Method _|

Angus 264,656 Y GS,z CORR
Red Angus 22,791 Y GS, zZ BLEND
Hereford ~23,000 Y GS BLEND
Simmental 32,629 Y GS BLEND
Limousin 3,340 Y GS BLEND
Gelbvieh 10,162 Y GS BLEND
Charolais 2,454 N GS CORR
Santa 3,160 N GS SS-GBLUP
Gertrudis

Brangus 3,909 Y GS,z SS-GBLUP

Single Step (s)

- Two fundamental camps
- UGA, ssGBLUP—Misztal
- Theta Solutions/ISU, ss“Hybrid"—Fernando, Garrick, Golden

- Regardless of camp, we are witnessing the first
substantial change in NCE software across all breeds.

- No longer trying to make genomic data “fit” current NCE
platforms.
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Maybe we need more biological knowledge?

Editing is being sold by some as the next silver
bullet in breeding programs- that might make
NR sense to some people — especially those with
no training in quantitative genetics!

BIF 6/1/2017

There are Mendelian traits
where a single gene has a big
impact (e.g. myostatin)

BIF 6/1/2017

2017 BIF Symposium, Athens, Ga.

Gene or Genome Editing
What are we talking about?

Meganuclease
Zinc finger
TALENs
CRISPR/Cas9 NHEJ

Nuclease-induced
double-strand break

Donor
template

[
Variable length
indels

Sander D, Joung JK. CRISPR-Cas systems for editing, regulating and targeting gen
BIF 6/1/2017 Animal

6/1/17

Editing is the Cherry on Top of Breeding Sundae

It will be able to introduce useful alleles without

linkage drag, and potentially novel genetic variation

Genome Editing

Somatic cell nuclear transfer cloning|
Genomic Selection

Embryo Transfer

Artificial insemination

Progeny testing

Performance recording
Development of breeding goals
Association of like minded breeders

BIF 6/1/2017

Gene editing of myostatin to obtain
double muscle Nelore cattle —
intraspecies allele substitution

Proudfoot C, et al. 2015. Genome edited sheep and cattle. Transgenic Res. 2015 Feb;24(1):147-53.

BIF 6/1/2017
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Species Target

Cattle Intraspecies POLLED allele substitution
Myostatin gene knockout
Beta-lactoglobulin gene knockout
Insertion of lysostaphin transgene
Insertion of lysozyme transgene
Insertion of SP110 transgene
Ovalbumin gene knockout
Insertion of Immunoglobulin heavy chain locus
Myostatin gene knockout
Prion protéin gene knockout
Beta-lactoglobulin gene knockout
CD163 gene knockout
Interspecies RELA allele substitution
Myostatin gene knockout
Myostatin gene knockout

BIF 6/1/2017

Gene Edited Polled Calves

Intraspecies allele substitution of the Celtic allele
into the POLLED locus

Carlson DF, Lancto CA, Zang B, Kim E-S, Walton M, et al. 2016. Production of hornless dairy
cattle from genome-edited cell lines. Nat Biotech 34: 479-81

TargetedTrait/Goal

No horns

Increased muscle yield
Elimination of milk allergen
Disease resistance

Disease resistance

Resistance to tuberculosis
Elimination of ovalbumin in egg
Germline gene editing
Increased muscle growth
Elimination of prion protein
Elimination of milk allergen
PRRS Virus Resistance

African Swine Fever Resistance
Increased muscle yield
Increased muscle yield

Van Eenennaam, A. L. 2017. Genetic Modification of Food Animals. Current Opinion in Bic

Gene editing potentially provides a means
by which the discovery of causative SNPs
(Quantitative Trait Nucleotides; QTNSs)
through sequencing projects and the

6/1/17

Celtic allele (P€) corresponding to a duplication of 212 bp
(chromosome 1 position 1705834—1706045) in place of a
10-bp sequence = horned (1706051-1706060) at POLLED

10 bp
n GENE 212 bp
L 2

d N

Born April 2015

How might gene editing be
used in beef cattle breeding?

- Polled/Horned
- Myostatin
Recessive Genetic Conditions
Tenderness loci (calpastatin/calpain)
Disease resistance (e.g. BRD)
SCD (stearoyl-CoA desaturase)
Editing would synergistically accelerate conventional

breeding programs (not replace them!) by precisely
bringing in discrete desired genetic variation as needed

BIF 6/1/2017

Maybe we need more quantitative knowledge?

information obtained from various genome
wide association studies (GWAS) could be
translated into valuable genetic variation for
use in animal breeding programs

BIF 6/1/2017 Anim:
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EPD at Molecular Level

Slide Courtesy of Dorian Garrick

-2 -3 +4 -
+2 + -4 +5
EBV=2
{2 {1 Y I - EPD=1
+2 +3 -4 -5

Below-average bulls will have some above-average alleles and vice versal

Breed Specificity

(Kachman etal. 2013)

Weaning weight MBV
Breed Angus Hereford Limousin
Angus 0.36+0.07 0.14£0.08 -0.06+0.08
Red Angus 0.16+0.16 0.09+0.16 0.25+0.16
Hereford 0.04+0.21 0.42+0.18 0.27+0.21
Limousin 0.02+0.09 0.23+0.09 0.40+0.08

Add More SNP?

- Simply adding more SNP does not help.
« Increase resolution and decrease power
- Need biological knowledge of added content
- 50K vs HD (80K) (Red Angus Example)
- Average rg = 0.53 and 0.54
- Looks like it is negligible

I —
Industry Needs to Actively Participate

- Benefits of GS in beef cattle will not be fully captured until
an infrastructure exists for capturing additional ERT
- Fertility
- Carcass
- Disease
- Genotyping only the “best” animals is counterproductive
- No decision to be made
- Can lead to bias
- Use the technology to make selection decisions
- Genotype entire cohort groups

2017 BIF Symposium, Athens, Ga.

Shift in Direction

- Phenotypic Database-> Standard Panel-> Prediction
equation (within population)
- Variants from Sequence—> Phenotypes in Research
Population>
- Variant list to external populations (requires phenotypes to train)
- Prediction equations to external populations (phenotypes not
needed)

Weight Trait Project

The WTP is an organized effort to facilitate DNA
technology transfer and while at the same time
providing a national focus for integration of
molecular information into beef genetic evaluation
and selection.
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Sequencing Validation of Variants
[1 H ” H H
Categorlze.d the§e pUtatlve _varlants by Created a “small” panel of severe variants screened
their predicted severity. for Birth Weight in the Cycle VIl population.
Genotyped > 600 sires from the Rex Ranch for this
Severe 6,513 panel of 185 variants.
Moderate 89,591 Correlation = Rex Ranch -
Low impact 109,171 (BW) " l
Modifiers 34.0 million Variant 63 . Illll
Total 34.2 million peliE] =HENNEEE

Sequencing Is Just Beginning

-New GGPF250 assay
- Best chance we have at
« Predicting across populations and transferring information from
research populations
+ Birth weight MBV based on 293 variants-- r, ranged between 0.25-0.44
- Single variant (birth weight)—r, ranged between 0.17 and 0.34

« Explaining a limited amount of variation (~10%) can be important for
ERT that are sparsely collected (if at all).

- Developing MAM products
- An objective, but the highest hanging fruit
- GXExM

BIF 6/1/2017
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