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Vision: Furnish the scientific community and the food animal industries with
scientific information, biotechnologies, and best management practices that
ensure consumers an abundant supply of competitively priced animal products
which enhance human health, ensure domestic food security and enhance the

efficiency, competitiveness and economic and environmental sustainability, of
the food animal industries.
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¥4 Welcome and Charge

« Steve Kappes, Deputy Administrator, Animal Production
and Protection
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« Caird Rexroad, Acting National Program Leader, Food
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« Deb Hamernik, University of Nebraska, Panel Chair
¥4 Program Information
* Caird Rexroad

¥4 Accomplishment Stories: Component 1
* ARS Scientists

¥4 Break (15 minutes)



Ag e n d a. continued

¥ Program Summary Information
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¥ Accomplishment Stories: Components 2 and 3
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USDA

ARS National Program Cycle
OMB Research & Development Investment Criteria

Relevance

Program Planning

& Priority Setting

Program Assessment Scientific Merit

QU ality Peer Review QU ality

(Retrospective) (Prospective)

Program Project

Coordination Implementation

Performance



Retrospective Analysis

% Focus on 5 years preceding completion of 3 year cycle;
e 2010-2014
® Final 2 years of previous cycle, first 3 years of current cycle

¥ Conducting an in-house program assessment and documenting research
accomplishments and/or progress on the National Program Action Plan for
presentation to external reviewers;

¥ Conducting an external review of accomplishments and/or progress, based on
the preceding documentation, focused on the research’s relevance, quality, and
impact;

% Recording the results of the review; and

% Informing ARS leadership of evaluation results.



Interactive Approach

"™ A PowerPoint document is prepared for presentation to the
Evaluation Panel

*  Summary Information
* Program Linkages
* Accomplishment Examples

™ Permits direct interactions between panel members and ARS
Scientists, National Program Leaders, providing an opportunity
for improved communication

"™ The presentation is supplemented by other documentation
provided prior to the Panel Meeting

*  Online > Documents > Presentation

"™ Effectively Reduce reviewer time in reviewing and travel
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USDA Strategic Goal 1 Area:
Nutrition, Food Safety and Quality

Goal 1.3: Enhance the economic viability and competitiveness
of U.S. agriculture by maintaining the quality of harvested
agricultural commodities or otherwise enhancing their
marketability, meeting consumer needs, developing
environmentally friendly and efficient processing concepts,
and expanding domestic and global market opportunities
through the development of value-added food and nonfood
technologies and products, except energy and fuels



USDA Strategic Goal Area 2:
Natural Resources and Sustainable
Agricultural Systems

Goal 2.4 - effectively and safely manage and use manure
and other agricultural and industrial byproducts in ways that
maximize their potential benefits while protecting the
environment and human and animal health.

Goal 2.5 - Develop and transfer economically viable and
environmentally sustainable production and conservation
practices, technologies, plant materials and integrated
management strategies, based on fundamental knowledge
of ecological processes, that conserve and enhance the
Nation's diverse natural resources found on its range, pasture,
hay and turf lands; and

Goal 2.6 - Develop integrated solutions to solve challenges
related to agricultural system productivity, profitability, energy
efficiency, and natural resource stewardship.



2012 - 2017 USDA ARS
Strategic Plan Area 4

Goal 4.1: Provide scientific information and biotechnologies
to enhance management practices that will ensure an
abundant supply of competitively priced animal and
aguaculture products.

Performance Measure 4.1.2: Develop new technologies and
tools contributing to improved precision animal production
systems to meet current and future food animal production
needs of diversified consumers, while ensuring economic
and environmental sustainability and animal well-being.



National Program Action
Plan Research Components

# Component 1: Improving Production and Production
Efficiencies and Enhancing Animal Well-Being and
Adaptation in Diverse Food Animal Production Systems

# Component 2: Genetic Improvement - Understanding,
Improving, and Effectively Using Animal Genetic and
Genomic Resources

# Component 3: Measuring and Enhancing Product Quality
and Enhancing the Healthfulness of Meat Animal
Products



Component 1. Improving Production and
Production Efficiencies and Enhancing Animal
Well-Being and Adaptation in Diverse Food
Animal Production Systems

"™ Problem Statement 1A: Improving the Efficiency
of Growth and Nutrient Utilization

*™ Problem Statement 1B: Reducing Reproductive
Losses

"™ Problem Statement 1C: Enhancing Animal Well-
Being and Reducing Stress



Improved nutrient efficiency of beef cattle and swine

e Feed costs are the single
largest input in both beef and
swine production

e Less than 20% of the feed
energy is converted to edible
product

Hypotheses

« There is genetic variation in the
efficiency that feed is converted to
product

« Management strategies can be used
to improve nutrient utilization




There Is genetic variation in the efficiency that feed
IS converted to product

« Determined feed efficiency and its component traits in cattle are
heritable using quantitative genetics ..
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Management strategies can be used to improve
nutrient utilization

 Determined that feed coproducts (dlstlllers gralns and glycerol)
can be substituted for more s
expensive feed ingredients.
Titration studies were used to
define optimum feeding levels.

 Determined there is an alternative antimicrobial to antibiotics that:
— Improves growth and feed efficiency in swine (lysozyme)
— Improves Gl tract health
— Reduces pathogen shedding



RANGE SHEEP PRODUCTION EFFICIENCY

Problem

= Neonatal diarrhea reduces
growth rates of lambs through
weanhing

= Pathogenic bacteria from the
lambing environment is the
primary cause

= Treatments are costly and some
may result in antibiotic
resistance

Solution

= Affordable and safe prophylactic
approaches that do not cause
antibiotic resistance




RANGE SHEEP PRODUCTION EFFICIENCY

Accomplishment

Lambs fed chlorate salts at birth
had a 90% reduction in intestinal
bacteria known to cause neonatal
diarrhea

Chlorate salts added to the drinking
water of ewes at lambing resulted
in a 99% reduction in fecal £ coli
that was shed in the lambing
environment

Depending on the production
system, elimination of neonatal
diarrhea in lambs could result in a 1
to 5% increase in total lamb-crop
weight at weaning

Logl0 generic
Escherichiacoli -g-1

N LTS T (5] (=3} ~

E. coli cfu, logl0

o =

10.0 4

(o]
(62}
1
—l—
»—.—1

o
&)

(]
o
»—.—«
——

o
o

N
&

Control 30 60 90
Chlorate, mg-kg BW-!

0 28 56 80 110

Chlorate salt, (mg.kg BW1)/d



One Key to Sustainable
Milk Production:

Put more protein (nitrogen) & energy in milk,
not manure, practices that are both
environmentally and economically sustainable
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Determined Benchmarks D

for Nitrogen Use Efficiency [ "

e
i

* Farmer Benchmark: Decreasing MUN by 1 mg/dl
decreases urinary urea nitrogen excretion by 10%.

e So what? Reducing protein feeding that reduces MUN also:

* Reduces farm emissions of both ammonia and nitrous oxide
(most potent greenhouse gas) nitrogen by a similar amount.

e More efficient use of feed with no loss of milk

production.
* S60 to $S95/cow/year savings in protein  [EREL L LE0N
feed costs. oebngy developed Ye@arolm:as
. . LC Vers
e Less environmental impact. e value of oraan "
3 M@W@c N sources W
clgnificant aovanAges
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set goals and monitor their progress! anre o Foxed Nt
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e Starch provides essential energy to promote milk —
production, but too much starch can injure a cow,
reduce feed efficiency, and hurt performance.

e Nutritionists & regulators needed a reliable measure for

starch in animal feeds to give accurate information for
diet & feed formulation.

-

S
L3

lcn®

- "
e S BB

WD 8 o ot ot ¢ 0
pestarch

20

cow health

W il w5 s



Systéfns

g
*" Forage -

&
‘5 Nutritlon

Created Tool: Starch Assay | '*
N\ Envrenmert Jg/

i

USDFRC developed a new starch assay that can be used
for diet formulation and regulatory purposes. Useful for
nutritionists to make better balanced diets for cows, & for
consumers to choose feeds for their animals.

Accomplished with support from
AAFCO & the AOAC Agricultural ~ & " g\ I !2

Materials Community. ; /
Kk

15 commercial, research, & state
laboratories collaborated.

More than 200,000 of these assays
already run per year!

It is the new AOAC Official Method 2014.10.
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Insight for the Future: ;C‘ b 553
Rumen Microbial Profiling &
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 Microbes are crucial for ruminants. They convert feeds to
energy sources for the animal and are a source of protein.

e USDFRC research has
determined that each
cow has a unique y |\
microbial community; i Ve 1
and the commu nity 2000{\, MJLMV.JW,N«»J'\»"‘*’JL“VI"I Whaas M #lﬁaw-.Jrq’”“J” ’L«J‘J\ftw.\_‘lhﬂuj
makeup affects
production and
responses to diets.
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Statement of Problem: It is well o .
documented that ergot alkaloids cause N G o
peripheral vasoconstriction. If h
gastrointestinal vasculature are affected
similarly, then this could result in

decreased nutrient efficiency and help g8 | —
explain observed decrease in liveweight gut vasoactivity causes decreased blood
gain also observed in animals exposed to flow
ergot alkaloids. Artery - Thermonoutral
90 - E- & g O E+
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Accomplishment: Demonstration of 2E ol ? i,
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ergot alkaloid vasoactivity in ruminal £5 o A .
and mesenteric vasculature that result in g “ﬁ/ﬁ ﬁi ﬂ[
reduced nutrient absorption and may B A — SR ma w
contribute to the decreases in body g [-hydroryrypamine,

weight gains and production losses on
toxic endophyte-infected tall fescue

Decreased blood flow results in lower nutrient flux
and efficiency

Propionate Flux Under Butyrate Flux Under
Impact: Identification of a biological A g "] fremeneuiiEondiens
mechanism by which ergot alkaloids I R AR I M =
contribute to decreased animal 3 ‘\\Qi i N:’!
efficiency. I
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Statement of Problem: Management approaches are needed to mitigate the adverse effects that
ergot alkaloids have on the performance and well-being of cattle that graze toxic endophyte-infected
tall fescue.

Accomplishment: A 2-year grazing experiment with steers grazing toxic tall fescue pasture
determined there is synergism on steer daily weight gain when combining treatments of implantation
with steroid hormones and feeding soybean hulls. Feeding soybean hulls at a rate of ~0.8% of
bodyweight per day was shown to mitigate fescue toxicosis.

Impact: This research identified a cost effecting method of mitigating fescue toxicosis for
improving animal performance and well-being. Follow-up published research indicated that the
mitigation is partly due to estrogenic activity of both implants and SBH, which can eventually lead to
development of more approaches to alleviate or mitigate fescue toxicosis.



Plant-based alternatives to antibiotic growth promoters

Statement of Problem: There is no replacement for antibiotic growth promoters for livestock

Accomplishment: We identified plant secondary metabolites that target the same bacteria as
antibiotic growth promoters. The metabolites are: 1) biochanin A, an isoflavone from red

clover, and 2) lupulone, an aromatic acid from hops.

Impact: Identified plant-based alternatives to antibiotic growth promoters that can be used in

backgrounding and finishing.

Key Points (Red Clover):

SFp-

i Jp—

0.407

ORM @
Biochanin A  Formononetin T, pratense,
The source is a wide Biochanin A was
identified with

spread, well-accepted

forage plant. bioassays using the

bacteria targeted by
antibiotic growth
promoters.

% a0 259 b6 vs Control: P = 0,1040
§ 0 * %E .
g2 I
§ 10 EV 1.5
“- T T T T T
1] 1 20
Clover extract (ppm Biochanin A) ! Control ' DGG 'DGG+BA '
It reduces rumen It promoted the
conversion of valuable growth of steers on
amino acids to pasture relative to

ammonia, which ends controls.
up in ground water.



Using Spatial Analysis to Compare Radiant
Heater Performance

» Contract broiler growers spend approximately $500 million annually
on heating fuel. Over 50 % of fuel consumed occurs during the first
week when high brooding temperatures are needed. No information )
exists about how efficiently radiant heaters provide heat to brooding ‘ a

chicks.

——

» Combustion gas analysis, radiant flux measurements and spatial
analysis were used to compare the ratio of total energy reaching the
Ir;tter to energy input of the heater for six commonly used radiant

eaters.

Radiant heater mounting
» Combustion efficiency of new brooders is approximately 80% in low assembly

pressure models compared to advertised 95%. Maximum of 41 % of
energy consumed by a radiant heater reaches the litter as heat that
can be used by chicks. Performance differs by mounting height and
manufacturer.

e IMPACT: — Data show that heaters are less efficient that previously
assumed and advertised. A 3% increase in brooder efficiency could
potentially save $8.25 million industry-wide in the first week of
brooding alone.

Radiant flux sensor array



Evaluation Of Current Lighting
Technologies For Broiler Production

e Bird performance does not differ among lighting
sources. LED lights do not improve nor impair live
performance or processing characteristics

e Adjusting illuminance (intensity) according to species
specific spectral sensitivity does not improve nor impair
live performance or processing characteristics

e Spectral content of broad spectrum (white) light when
varied among different color coordinated temperatures
(Kelvin color) does not affect live performance.

e IMPACT: Choice of light source should be dependent
upon economics of the lighting system as bulb type has
not been shown to affect broiler growth.




Metabolizable Energy and Maximum Inclusion
Rates of Alternative Feed Ingredients with Heavy
Broilers

* App

arent metabolizable energy of low-fat

DDGS (LF-DDGS) was determined in broilers
at 21 and 42 d of age

Significantly lower AME than conventionally
processed DDGS

¢ Almost 56% difference in crude fat when
comparing conventional DDGS vs. LF-DDGS

AME at 21 d: 1,148 kcal/lb vs. AME at 42 d:
931 kcal/lb

Significant age effect = 42 d AME <21 d AME

IMPACT: Energy value of LF-DDGS should be
adjusted as birds age to ensure energy is not
overfed and ensures production efficiency

* Inclusion rates of LF-DDGS in finishing diets
for broilers (d 28 to 42)

Incremental levels of LF-DDGS fed in finishing
diets (0 to 30% LF-DDGS inclusion)

Up to 24% LF-DDGS in finishing diets have no
detrimental effects on live performance and
production=» Body Wt Gain and FCR
significantly affected by LF-DDGS inclusion
rate at 30%

IMPACT: Diets with 24% LF-DDGS was found
to have a 12 point decrease in FCR when
compared to 30% LF-DDGS. These 12 points
of FCR improvement is worth $90,000/wk in
feed savings

Feed conversion: Body weight gain
SEM 0.02591 SEM=0.04294
Effect of LF-DDGS Effect of LF-DDGS

inclusion: P=0.0039 inclusion: P=0.0281
Linear trend: P=0.0099 Linear effect:
Quadratic trend: P=0.0099

P=0.1588
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Determine The Interactive Effects Of Various Fat Sources
And Feed Additives On Growth Potential, Meat Yields,
And Blood Physiological And Biochemical Variables When
Fed To Heavy Broilers

e Apparent metabolizable energy and production effiency of LF-DDGS fed with
or without an exogenous carbohydrase

 AME of broiler diets fed with 24% LF-DDGS with or without an exogenous
carboyhydrase were determined at 14 and 28 d of age

e Carbohydrase enzymes break down nonstarch polysaccharides that are unavailable to broilers for
digestion. Broilers lack endogenous carbohydrase enzymes.

* The addition of carbohydrase was found to increase AME of diets 115 and 110 kcal/g at 14 and 28
d, respectively
e A production trial was conducted until 49 d evaluating the effects of LF-DDGS
inclusion as well as optimal carbohydrase dosage

* Diets were fed with either 0, 6, or 12% LF-DDGS and carbohydrase was supplmented at 0, 1x
dose, and 2x dose

* Diets fed with 6% LF-DDGS and supplemented with a 1x dose of carbohydrase were found to have
significantly improved FCR when compared to diets fed with 0 or 12% LF-DDGS and were
dependent on the inclusion rate of the carbohydrase

e |IMPACT: Energy value of LF-DDGS was increased by addition of a carbohydrase.
The lowered energy value from corn oil removal can be mitigated by addition of
carbohydrase.



Characterize Gut Microflora And The Interactive Effects
On Live Performance And Gut Microflora Of Heavy
Broilers Fed Diets Containing Feed Additives And
Alternative Feed Ingredients

e Effects of LF-DDGS on GIT development in male broilers reared
under different weather conditions from 46 to 60 d of age

Diets differing in LF-DDGS inclusion (0 to 30% LF-DDGS for finisher | and 0 to
24% LF-DDGS for finisher 1) were fed under two different weather conditions
(summer and winter)

During the finisher | phase (29 to 46 d), there was no effect of LF-DDGS
inclusion on GIT size or intenstinal morphology

During the finisher Il phase (43 to 60 d), 24% LF-DDGS increased jejunal
goblet cells when compared to 0% LF-DDGS diets

In winter conditions, 16% LF-DDGS was found to significantly decrease
proventriculus, gizzard, and dudodenum length in male broilers during the
finisher Il phase

IMPACT: When feeding LF-DDGS, weather conditions were found to influence

digestion of LF-DDGS and utilization of other nutrients via alteration on GIT
structure



There is a need for alternatives to antibiotics:

Staphylococcal Peptidoglycan hydrolase (PGH) enzymes
as Gram Positive antimicrobials.

1. Multiple PGH lytic activities. 3. Triple-acting 4. Effective as mupirocin
Glycosidases . . I
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PGH constructs when fused to a Protein Transduction Domain (PTD) can
1. reduce intracellular S. aureus load, 2. reduce mammary gland
colonization and 3. degrade biofilms.

HZNHS_COOH MOUSE MODEL OF MASTITIS:
lysk  Llysk  lyso =w 28 w reduced TNF-a (infection DYNAMIC BIOFILMS:
S5 2% & ) : :
Sl - 5L cytokine) and bacterial load. PTD harboring construct
pecific Peptidoglycan = # Lytic . . .
cleavages Domains| reduced dynamic biofilms.
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L-PTD @O0 1 w g JtoE gm dors 120 -
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< 6 - % = 100
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KL S;aes - G 4 ey £ =0 -
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[and osteomyelitis in humans].




Spermatogonial stem cell (SSC) transplantation into genome edited
SSC null livestock as a means to preserve valuable genetics.
*Genetic gain is achieved with selection of elite sires, but limited to lifespan of the sire.

*Transplantation of elite sire SSCs into ‘SSC null’ males could avoid repeated selection.
* Genome editing (CRISPR/Cas9 system): NANOS2 ablation yielded ‘SSC null” males.

*The edited SSC null pigs were shipped to Wash. State Univ. for transplantation studies.
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IMPACT: Awaiting transplantation studies at Wash. State Univ.



Improving the Reproductive Performance of Male Turkeys

Problem: The turkey industry relies exclusively on artificial \ Q9P ® PO
insemination, a time and labor-intensive process, to reproduce @Gf@ @l"g%\ i
birds in commercial operations. With freshly collected semen, gggg%ggg
fertility rates are typically 94-98%; however, if semen is held for XX EEd T

longer than 6 hours prior to insemination, fertility rates drop to @Q@@@@Q‘

40%. These low fertility rates are not economically acceptable.
Colormetric assay reflects the

Accomplishment: New semen extender supplements improved the degree of sperm lipid damage.
fertility of turkey semen stored for 24 hours prior to insemination. 200 1

180 4

—&— 0.5 mg/mlL NED-labeled PC

=0 2.5 mg/ml NBD-abeled PC

ARS scientists have been evaluating the biological basis for the drop
in fertility associated with stored turkey semen, and have shown
that the (1) sugar residues on the surface of the sperm membrane
change and (2) lipids within the sperm membrane are degraded
when semen is held for longer than 6 hours at cold temperatures.
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Systematic evaluation of exogenous sugars and lipids established 0+
N i 3 FETEPTEFFEF S GG
that turkey sperm exhibit dose- and time-response mechanisms for SOV
. 5 i Incubation Time
uptake dur.ln.g hypothermlc semen storage, counteractlr\g thg Phosphotidylcholine (PC) uptake
effects of lipid peroxidation and carbohydrate loss that impair by turkey sperm.

sperm function.

Impact: Use of the new semen extender improved the fertility rates of
semen stored for 24 hours from 40 to 85%. This represents a
significant advance in poultry semen storage technology that will
save producers time and money when reproducing flocks.

Sperm uptake of labeled sialic acid. |




Enabling Genomic-based Improvement Programs
for the Turkey Industry -]

Problem: Genetic improvement for turkeys has been achieved using : E'E
selective breeding programs based on physically-measureable traits. C
For less measurable traits such as immunity and reproduction, more
sophisticated genomic selection is needed. While genomic resources
are available for chicken production, these tools have not been
available to the turkey industry.

Accomplishments: Multi-platform next generation sequencing of the e ]
domestic turkey genome and development of a new genetic tool S ]

(SNP array) for turkey producers. o ] ;éx

Phylogenetic tree of 7 commercial

ARS scientists, in partnership with VPl and UMD, sequenced and

annotated the genome of the domestic turkey using a unique turkey lines and 4 turkey breeds,

sequencing strategy of data from both Roche 454 and Illumina GAIll including the ancestral South Mexican
wild turkey.

platforms. R .

ARS scientists conducted a broad assessment of 11 different turkey
lines and breeds and discovered 5.49 million SNPs that are potential
markers for genetic improvement.

Impact: A comparative analysis of the turkey, chicken and zebra finch
genomes supports the characteristic stability of avian genomes and h
identified genes unigue to each species and the avian lineage. An 800 BC 4

I' 1500’s
array containing 60,000 of the best genetic markers was made e

Domestication of the commercial

publically available for turkey producers and researchers. turkey: a true U.S. immigrant.



Improving Hatchability of Broiler Eggs

Hatch of Stored Broiler Eggs w/
and w/o Pre-incubations (Pl)

Problem
In 2013, 10 billion broiler eggs and 340 million turkey eggs were incubated: only 83% and 79% 100
hatched, respectively. For logistical reasons, storing eggs prior to incubation is a common
practice. However, when stored at 18C° 7 days or longer, there is a progressive increase in 90 |
early embryonic mortality during incubation. An increase of just 1% in broiler egg hatchability
would significantly increase the number of broiler hatching eggs. =

o 80
Accomplishments %
Confirmed previous work that short pre-incubations (PI) during egg storage increase embryo :E 70 |
survival (table in upper left) by increasing the developmental stage of the embryo prior to X
incubation (figure lower right).

60 -

Indentified cellular and molecular alterations to the blastoderm and blastodermal cells as a
result of egg storage with and without Pl before and after incubation. 50 |

Discovered that embryos in fresh laid turkey eggs are less developed than those described for

) ) X Data from 3 experiments: BLUE, eggs stored 4 d; GREEN, eggs
the turkey embryo in 1993: subsequently revised the turkey embryo staging table.

stored 21 d, no PI; PINK, eggs stored 21 d, with PI

Improved methods to isolate embryo and stage embryonic development that have been

successfully applied to chicken, turkey, quail, duck, and goose embryos. . .
Pre-incubation (PI) of stored eggs advances

Relative expression of genes associated with oxidative stress, apoptosis, and fatty acid embryonic development resulting in a
metabolism compared in fresh laid eggs and eggs stored for 21 days with and without PI. . ege . . .
significant decrease in embryonic mortality

Impact
Pre-incubating eggs prior to incubation to reduce embryo mortality is rapidly being adapted by
the poultry industry.

Contributed to the development of the first commercial incubator designed specifically for PI.

Commercial hatchery personnel and poultry scientists utilizing methods in hatcheries and
laboratories.

As a result of this project ARS scientist is recognized as international expert in hen egg early
embryonic development and impact of egg storage on hatchability.

Blastoderm at time egg ~ After PI, embryo is
laid: one cell layer forming third cell layer



The Problem: Weak return on investment for
replacement heifers

A replacement heifer must wean
between 3 and 5 calves to pay her
development costs

100 1 Heifer Calving Da
A survey of cow-calf producers i S
indicated that only 50% of 0 \ e
replacement heifers produce T 707 L\ —M= Z3andafter
3 calves £
s 250
g‘:m ]
Heifers that give birth early stay 3 29
in the herd longer 7 ~m _
10 1 - g 4

1 2 3 4 5. 6 7 8 9 10
Calving Season



We can select heifers that have increased
likelihood of remaining in the herd

Ultrasonographic examination of
the ovaries before breeding to
determine follicle number

Bovine Ovary

0 24 -
S 23 A
S T 22 -
Heifers with more follicles conceive o % 21 -
earlier in their first breeding season ° 3 20 -
2o
= 19 -
2 18 = T 1

1-21d 22-42d >42days
Subsequent Calving Period



The way we feed a heifer after weaning
can change her ovarian phenotype

» N

S “Primary

F e,

U AN SOy

Primordial | /"
R . I"'- !

B
i

A . \'Secandary_

Developing heifers using a stair-step
protocol increased the number of
microscopic follicles in their ovaries

Preantral Follicle Stage

Primordial Primary Secondary

Diet n
Control 6
Stair-Step 6

P-value

524 +14.0 22.2+4.6 3.9+0.38
112.5+14.0 25.8+4.6 5.6+0.38
0.004 0.58 0.13




Nutritional programming of gene function in the
bovine ovary

* To investigate epigenetic
mechanisms, RNA-
sequencing identified 291 ] wsum
differentially expressed
genes

50 - |

m ROBO4

W SLIT3

H
o

 Transcript abundance of
genes involved in follicle
formation and growth was
greater in the ovaries of — Stai-Sten
stair-step heifers Heifer Development Group

mRNA Abundance
s 8

=
o
'l

o
3



Impacts

e Veterinarians are adopting follicle
counts into pre-breeding exams

e We are supplying the basic
knowledge required to apply
nutritional programming on the
farm

e Nutritional programming
decreases the development costs
of a heifer while improving her
ovarian phenotype to increase
her reproductive longevity




Problem: Capacity to satisfy protein food needs of an expanding
global population will require greater food production on an ever
decreasing availability of land available for agriculture.

Possible solution: The ability of ruminant livestock to convert
forages and water of insufficient quality to contribute to human
dietary needs to high quality sources of protein and othefi
utrients for human nutrition. - S S\
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Gilt Development and Sow Longevity

Problem: breeding herd retention of gilts and sows

Pubertal Development

EIN-- **«&“
*)

A

A

() 4
g L g
21, Pituitary 21,
5] 9]
5|3 L/FsH 2|3
-~ N (+) -~ N
Y 8
i N Pubertal Transition E 5
<l & S B
8 Reproductive Cycles 8
W W

— B &
Adipose Ovary

e Defined a hormonal
system that inhibits
secretion of reproductive
hormones.

eDiscovery was used by
scientists to explain the
biological basis of genetic
markers identified
through genomic studies
on pubertal development.

Dietary management of gilts

l ’ _‘ .-_.'
eIncreased preweaning
growth rate correlated
with reduced age at
puberty
e Collaborated with
university and industry
partners to develop a diet
that slows growth of gilts.
® Diet is being used on a
commercial farm, in a
study funded by the
National Pork Board, to
test effect of reduced
growth rate on retention of
gilts in the herd.

Genome Wide Association

K]

2 Study

¢, Parity 2 Weaning to Estrus
;‘f"”g Interval (WEI)

55

&

X

SSC9 - Beginning position of 1 Mb window (Mb)

The gene, SMYDZ2, lies within this genetic
egion.

- SMYD2 inhibits Estrogen Receptor 1, a key
__player.in reproductive activity.

LC-MS Volcano Plot of Plasma Different
at Post-Farrowing or Weaning
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Pregnancy and the Neonatal period

Problem: Reduced litter size and increased preweaning mortality

Development of a culture system using alginate hydrogel
encapsulation as a 3D matrix to study the initiation of elongation
Hours in culture

Neonatal glycogen metabolism

Glycogen

Oh 24h 48h 72h 96h Glycogen ., /l Glycogen phosphorylase
Glucose 1-phosphate
Control embryo | @ ® ° ® ® | roshostucomuase
PENTOSE
. I GLYCOLYS? Mus_cfe, é:""EF Egrs*:,x::E
Encapsulate embryo . ﬁ E\ P i Pyruvate e lG-Ph“Phat:ﬂe’ose + NADPH
L = Lactate CO,+H,0 Glucose

= This system encapsulates embryos, maintains viability and architecture, |

and facilitates morphological changes. Blood for use by
» Used to identify and characterize specific factors that regulate embryo ot ciee

elongation in real-time and in a control environment. elm p roved glycoge n turnover | | n ked to su rviva |

= Identify mechanisms to normalize elongation between littermates to
reduce within-litter birth weight variability and improve piglet survival.

Evaluation of transcriptional differences between specific cell
types (tall columnar & short cuboidal) within the chorionic villi

Laser capture of the placenta to isolate specific cell types

= Differential gene expression using lllumina sequencing indicated that
placental fold development, which controls the maternal/fetal interacting
surface, was primarily controlled by short cuboidal cells

= Identified unique patterns of expression for various genes that produce
nutrient specific transporter proteins between these cell types. Most nutrient
transport appears to occur via short cuboidal cells. Unexpected results
included high expression of insulin dependent glucose transporters and
proton dependent inositol transport

Colostrum acquisition by piglets

® Invented the immunoglobulin
immunocrit procedure

e |dentifies piglets that do not get
colostrum and are at high risk of mortality-
colostrum management

e Immunocrit linked to adult fertility



Research conducted over the last 14 years has focused on
identifying environmental, management and genetic factors

affecting lifetime production efficiency in beef cattle.

e Results provide evidence that industry recommendations
for beef herd managements may be excessive and
actually decrease efficiency.
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o Offspring from cows provided less suppl_em"enial. feed:s3
while grazing dormant native forage during the winter- =
had greater sustained reproductive performance when
managed under less nutrient rich conditions 2



Strategic feeding of replacement heifers developed on
native range resulted in $S80 savings per animal
compared to conventional approach of feeding

harvested feed in a feedlot
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Functional genomic and genomic approaches have
Identified 41 gene products and 22 chromosomal
regions associated with reproductive function.

ogistic Regression (4 PCs) Association Tests [208] [+] A

Highly Significant Association (n = 22)

Moderately Significant Association
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Chromosome

High Fertile =30 heifers with 100% pregnancy rate to ET

Subfertile = 21 infertile heifers (0% ET PR)
+ 12 subfertile (25% ET PR and £ 25% Al PR)
33 heifers



USDA-Agriculture Research Service
Livestock Issues Research Unit

Lubbock, Texas

Cattle Temperament Effects Sickness Behavior

The below video clips (click on image for video menu) document the diverse sickness behaviors observed in calm
versus temperamental cattle. Note the increased respiration rate and lethargic behavior of the calm calf compared
to the agitated, alert behavior of the temperamental calf. Typically, the behavior of temperamental cattle will

change very little or not at all after an immune challenge. At times, temperamental cattle may even become more
agitated or excited following an immune challenge.

Temperamental



USDA-Agriculture Research Service
Livestock Issues Research Unit

Lubbock, Texas

Yeast Supplementation Reduces Effects of Heat Stress

Scientists within the Livestock Issues Research Unit have conducted a series of studies with industry collaborators
that have demonstrated that feeding a yeast supplement to cattle reduces the detrimental effects of immune
challenges and heat stress. With regard to heat stress, results have demonstrated that yeast supplementation
reduces body temperature and respiration rates, while increasing water intake. The below figure represents the
respiration rates of feedlot heifers that were fed a standard feedlot ration with (Yeast) or without (CON) a yeast
supplement for 50 days and then exposed to a controlled heat stress.
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USDA-Agriculture Research Service
Livestock Issues Research Unit

Lubbock, Texas

Prenatal Programming of the Immune System in Cattle

Scientists within the Livestock Issues Research Unit have conducted a series of studies in swine and cattle with
university collaborators that have demonstrated that applying various treatments to the dam during gestation can
alter the stress and immune responses of their offspring. The below figure represents data from one study
demonstrating that administering E. coli derived endotoxin (i.e., lipopolysaccharide; LPS) to gestating cows during
the 3" trimester reduced the febrile response in their heifer calves when exposed to LPS at 6 months of age.
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Beak Trimming: Hot Blade vs. Infrared

* More than 336 million hens, to reduce cannibalism.

* ARS has shown that traditional hot-blade trimming causes both
acute and chronic pain, thus creating a welfare problem.

Our research found that infra-red beak trimming is less painful.

The industry has readily adopted this practice as well as
European countries with some abolishing hot-blade trimming in
favor of infra-red trimming.
The chicks on the left have been

hot-blade trimmed, note the
squinted eyes and posture.

Chicks on the right have been
infra-red trimmed, note feeding
behavior.




Non-lnvasive Measurement of Stress

* Research on stress must measure the stressful
state of animals, yet, the act of taking biological
samples can cause a stress response and thus lead to
erroneous conclusions.

* To address this conundrum ARS partnered with a High
Tech Life Sciences corporation to develop a novel housing
system (Development of PigTurn; Culex-L®) for stress-free
simultaneous collection of behavior, biofluids and electro-
cardiac activity.

Plasma norepinephrine response of
pigs restrained by a person or when
taken by the PigTurn machine.

* This resulted in patented device and the establishment of 51201
a core facility (Purdue Translational Pharmacology Facility) 5100 1
on Purdue University’s Discovery Park

e The system is currently being used by drug companies for
in vivo testing of New Chemical Entities to treat human
disease; and by ARS scientist to discover true stress
reactions of swine.

Plasma NE (pg/m

|—0—Autnmated == Automated + Vocal =<r=Manual ‘
T T T T T

The blue line are data from pigs which are
sampled from the machine but can hear a
neighbor pig being restrained.



Rubber Floors for Dairy Cows

The incidence of lameness in dairy cows plagues the industry;
decreasing farm revenue and cow welfare.

ARS found that dairy cows housed with rubber mats in front of Total Leukocyte Counts (WBC)
. . . . 187 | actation ctation

the feed bunk had less incidence of lameness, less interleukin-1 L oot Lacabon2

beta, a measure of inflammation. In addition, cows on concrete =z *|

had elevated leukocytes, a classic indication of chronic pain.

X 10° cells/mL

This research shows that by providing better floor surfaces for 2
. . Uv—v‘ @ N WO O g o0 N©O O g
cows, lameness can be reduced. Further, it shows that housing T T
cows on concrete floors keeps cows in a chronic state of o s
inflammation and possibly some level of chronic pain. T}ﬁ _ﬂgi— T
o 0?0 | °;°: *{q; ‘ﬂ“:‘” ;;ﬂ
Eicher et al., 2013; J. Dairy Sci. g0 040 L LT
0a0f : L
. . . 020 Lactation 1 | Lactation 2
Selected as Featured Article. J. Dairy Sci, 2013; and 1 of top 10 papers of 10f :
2013 that "increase our understanding of the pathophysiology of CTTRSRRATOCCAN

Week of Lactation

disease or change the way we diagnose, treat, and control disease of
food animals" by the American College of Veterinary Internal Medicine
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Questions on
Component 17






Ag e n d a. continued

¥ Program Summary Information
e Caird Rexroad

¥ Accomplishment Stories: Components 2 and 3
* ARS Scientists

¥4 Panel Discussion (Panel Only)

¥4 Panel Report and Debrief (Panel, ONP)



Program Information aE l%

Personnel and Locations

Fiscal Year Number Scientists | Number Locations Number.Research
Projects
2010 99 18 32
2011 91 17 32
2012 96 10 29
2013 84 1 >3
2014 83 13 29

Projects in this Program - by State

gy
a“ﬁ:.l&ﬂ

« $48 Million/year
e $53 Million/year w/Extramural
e Funding Sources 2009 - 2014

— University 22 1o | ﬁ

— Government 31

— Industry 55 —— o

— International 11 Gray = No related research in this state.



Program Information aE l%

Technology Transfer,

Collaborations, and Publications*
Applications ) Refereed
Fiscal Year for New Active MTRAs Journal
CRADAs .

Patents Articles
2010 2 6 5 160
2011 1 5 9 150
2012 5 3 5 150
2013 1 4 5 170
2014 1 3 17 135

*Scientists maintain or collaborate on 11 databases.

Mentoring and Editorship

Postdoctoral | Graduate | Undergraduate Visiting
Fellows Students Students Scientists

Editorships

Total
FY2010- 73 68 143 197 48
FY2014




COUNTRY
ARGENTINA
AUSTRALIA
AUSTRIA
BELGIUM
BRAZIL
CANADA
CHILE

CHINA

CZECH REP
DENMARK
EGYPT
FINLAND
FRANCE
GERMANY
GHANA
GRENADA
INDIA

IRAQ

ISRAEL

ITALY
KAZAKHSTAN
KENYA
NORTH KOREA
MALAWI
MEXICO

TOTAL

36
16

59
56

14

11

25

= 2ol & =
o L L 1 S e R S el G G

International Collaborations

COUNTRY
NETHERLANDS

NETHERLANDS ANTILLES

NEW ZEALAND
NIGERIA

NORTHERN IRELAND

NORWAY
PAKISTAN
PHILIPPINES
POLAND

REPUBLIC OF IRELAND

ROMANIA
RUSSIA

SAUDI ARABIA
SCOTLAND
SLOVENIA
SOUTH AFRICA
SPAIN

SWEDEN
SWITZERLAND
THAILAND
TUNISIA
TURKEY
UGANDA
UNITED KINGDOM
URUGUAY
VENEZUELA

531 collaborations in 52 countries

TOTAL

21
1
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o P Wi
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Component 2. Genetic Improvement -
Understanding, Improving, and
Effectively Using Animal Genetic and
Genomic Resources

Problem Statement 2A: Develop bioinformatic and
guantitative genomic capacity and infrastructure for
research in genomics and metagenomics.

Problem Statement 2B: Identify Functional Genomic
Pathways and Their Interactions.

Problem Statement 2C: Preserve and Curate Food Animal
Genetic Resources.

Problem Statement 2D: Develop and Implement
Genome-Enabled Genetic Improvement Programs.

Problem Statement 2E: Improved Techniques For Genetic
Modification and Genetic Engineering of Food Animails.



Two partner projects to develop tools and knowledge

Long-term goals :
Develop bovine genomic and genetic resources and tools
Bring these tools to bear on issues of sustainability, adaptation, and animal welfare

Develop knowledge and tools for evaluating the role of microbial populations associated
with the animals and their production environment

Genetic improvement of beef cattle : more beef with fewer animals

Genetic selection accounts for .

much of increased beef production
(estimated 1/3) with fewer animals

Drawings of cattle
200 years ago

U.S. cattle herd size / amount of beef produced

Thousand head Million pounds
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Using genetics and genomics to address stakeholder needs

e Industry concerns The USMARC *2000 bull project”

— Feed cost, disease, reproduction (performance) Genotyping/sequencing the most important industry bulls
— Environmental impact, welfare, food safety (social
concerns)

Developing genetic markers with predictive merit
for meat quality (tenderness, leanness)

Creating a research population to assess genetics

across the beef cattle industry Markers for Beef

CAPNL1 (tender)

» The Germplasm Evaluation (GPE)

population at USMARC CAST (tender)
GDF8-F94L (lean)
U ~more tender less tender‘
DGATL (fat) . ) -
CSN1S1 (fat) |2 0.20 -
©
GHR (fat) 2 0.15
5010 -
g 0.05 - Nt
£ 0.00 -

o 12 15 21 24
Purebreds and crossbreds e T/T e «eC[T «eee«C/C

Multi-generation pedigrees Genotype of CAST marker :
TT more tender

Intensive and expensive traits



Using genomics and genetics to improve beef cattle

Proqgress :

Technology for re-sequencing has been acquired
and optimized

A reference panel of animals from top breeds has
been established and sequenced

Critical improvements to the reference genome
assembly annotation and contiguity were initiated

Methods to impute sequence in the GPE pedigree
based on genotyping arrays have been developed

Approaches to use sequencing of pooled DNA from
case/control populations have been developed to
support identification of variation in populations
outside USMARC

>120,000 industry animals have been genotyped Y

Eureka Genotyping Solution
Animal genomics

Zoetis
The largest
global animal

Products

Across-breed EPDs i e
— Popular product extensively used by
commercial producers to compare
genetic merit of bulls across breeds
Breed differences and genomic
marker effects for novel traits
— Reproductive success
— Disease susceptibility

Graduate student training with
partner universities
— 6 students since 2012
Low-cost genotyping system
developed with industry partner
— CRADA with Eureka genomics

Eureka Barley Panel
Improving barley populations

Affymetrix Acquines Assets of Eurela Genomics Conporation to
Provide High Throughput and Economical Crop and Anima
Ganotyping

-cast barley genotyping assay launched

health company

ANIMAL GENETICS

W affymetrix

" affymetrix



Studying the impact of microbial ecology on production efficiency, food
safety, and animal disease

Moraxella

* Recent studies have revealed roles of variation , %\
in the “microbiome” in obesity, disease i : Mycoplasma

susceptibility, and pathogen shedding for 6%

humans and biomedical model organisms

« Cattle microbiome projects:
— Compare rumen vs. fecal diversity

— Characterize the gastrointestinal tract microbes in
animals with high and low feed efficiency or methane
production.

—  Characterize microbial populations of animals that
shed pathogenic strains of E. coli s0% —

—  Compare microbial populations of the nasopharyngeal
area in animals during disease progression to identify

most likely pathogens, and potential antibiotic 70%
resistance .
60% Minor Phyla
& Unclassified_Bacteria
» ldentified bacterial groups shifts due to diet and o Prowobacira
related to E. coli shedding a e
30%
« Quantified diversity of rumen, lower Gl, feces a0
with different diets - l I
» Developed database of sequence to use in rumer
comparing animals in respiratory disease 13822 « Unclassified
studies 60% Bacteria

u Minor phyla

m Actinobacteria

m Proteobacteria



Genetic and genomic research in sheep

Industry issue :

intensive management of existing U.S. sheep
breeds requires expensive labor, lowers
profitability

— USMARC solution : Develop and release new breed that
doesn’t require shearing or other intensive management

e 22% more lambs versus industry standard breeds
* Weaning rate 35-45% higher
— Survival rate is 10-16% higher

Industry issue :

Reduced productivity due to Ovine Progressive
Pneumonia (OPP)

— USMARC solution : develop and release genetic marker
associated with OPP susceptibility
« Dramatic reduction in OPP in selected animals
* New models for OPP transmission developed

Maternal line of prolific hair sheep

1/4 Katahdin 1/4 White Dorper

Percentage infected

8 12 16 20 24 28 32 36 40 44 48 52
Age al testing, mo




Assembling a new Goat Reference Genome

» Capra hircus
. 2.8 Gbp genome
- 30 chromosomes

> Project initiated
under USAID Feed
the Future

> Selected a highly
Inbred San Clemente
Goat

Animal Genomics and Improvement Lab

NP 101



Implementing Cutting Edge Technology to
Develop Genomics Resources

===+ Collaboration with
7" NHGRI, University and
Private researchers

Irys Scaffolding

> FIrst use of PacBio-
only reads + Optical
Mapping + Hi-C data to
develop areference

RH Map Alignments g e n O m e

A0 0 N 1w

L i
M”W‘4.|rhmwf%ﬁr{“

WGS Read Depth

> Solved new problems
arising from the data

Animal Genomics and Improvement Lab NP 101



A New Paradigm of Genome Assembly

> Completed and polished
In a fraction of the time
previously needed

> 100 fold improvement of
genome continuity over
previous agricultural
reference genomes

> Developed a protocol for
the creation of new
Reference genomes

> First single chromosome
scaffold to be reported In
the literature!

Animal Genomics and Improvement Lab NP 101



Safeguarding and Utilizing Animal Genetic Resources —
Gene Bank Development and Use

World’s largest and most genetically diverse
collection of livestock genetic resources

1

OO0 OO0, O 000 00 00 O 0000 O 0000

Beef Collection Index for Minimum Collection

Goal

1.0

e 35 species 0.9 (] o 0.9
° b d 0.8 0.8
156 breeds 05 o © 07
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e 189 research and industry lines gg (o) ° o gg
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Blonde D'Aquitaine

19,323 samples from 7,640 animals released for:
DNA research, reconstituting populations or
introducing genetic variability

Milking Shorthorn bull sired by repository
bull. Breeder then submitted semen from §
progeny to NAGP




Safeguarding and Utilizing Animal Genetic
Resources — Quantifying Genetic Variability

Percent of Molecular Variation for * Not all species are as highly structured as
Kzakh vs US Breeds cattle.

Among

P°P‘j:j/“°“s » US has sampled widely making it a new
center of genetic diversity

* As trade in genetic resources becomes
more contentious our existing diversity
should serve industry well




Safeguarding and Utilizing Animal Genetic Resources —
Evaluation of Techniques for Conserving
Tissues/Germplasm

New technique for
harvesting, cryopreserving & 60

transplanting ovarian tissue -

— initiates industry .

collection (saving "

$1million/yr/line) & speeds -

conservation of fancier 50 I E
breeds 48 |

1960-1975 1976-1991 1992-2009

% Conception rate

Evaluation of storage
semen viability with LSU
— no significant effect of
storage time




Safeguarding and Utilizing Animal Genetic Resources —
Animal-GRIN Database + Genomics Database

Example of Animal with Samples in Repository

———— Animal-GRIN expanded to include storage

Multiple forms of ID

of genomic information, why?
* Increases the value of samples in collection
St e Lack of industry curation
e Research community lacks a mechanism for
long term storage of data after grant is
— completed

Observations

GENOMIC DATA FILE LOADER

R

Animal-GRIN is a web based, publicly accessible &‘
database used by NAGP, Brazil, and Canada

Your data file must be comma delimited.

Upload File Name (in FTP Directory):
ted.manahan/Beef GGP HD 03mar2014_FinalReportbd fransformed

lnformation in Animal.GRlN: Sample information’ I\;;mberufmeta data lines in upload file (Not including column header row):
storage, phenotypes, environment, management &
genetic tests (e.g., halothane in pigs) eornon v

Mapping File Name (in FTP Directory):
Please select a mapping file
OR Identification Value in First Column

Version 2 of Animal-GRIN developed and in production T Ty —

Optional Fields:

Owner: miltthomas d

Private Data [ | Sequencing Date 03/03/2014 ) Allow Creation of New Animals

Hits: 2013 — 574K; 2014 — 814K




Transportation Losses In Pigs

Problem: Transport losses cost the pig industry over $50 million/yr.

® A novel stress syndrome
arose in the USMARC )
commercial population
during transport.

e These pigs have been
transferred to research labs
that are working to develop
® A special population of therapies to mitigate the
animals was created and devastating effect of
detailed physiological eGenetic mapping muscular dystrophy in
traits measured. determined that the defect children.

was caused by a mutation in
the dystrophin gene.

e Dystrophin mutations cause
muscular dystrophy in
humans.

THHTHHEH
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Genetics of Pork Quality

Problem: A dissatisfied eating experience will decrease demand.

Accomplishments

® The results of genome
scans within the USMARC
population have been
leveraged with data from
other research populations
to identify more robust
QTL.

® These results are then
confirmed in commercial
populations by testing pork
samples directly from
commercial processors.

® Genetic markers developed for calpastatin,
which affects tenderness, are commercially
available.

® A meta-analysis of 3 unigue populations
yielded associations with pH and water-holding
capacity.

e Studies on color stability have also produced
interesting results that may allow a longer shelf-
life of the product.




Genetics of Sow Lifetime Productivity

Problem: How do you select the most productive sow at an early age?

Genomics!

Puberty Development Sow Retention ProIificaEy -_

eindividually study ovulation ~ eldentified genes important ~ ®Conducted genomewide
rate and expression of estrus. for return to estrus in first scans for regions associated

eldentified candidate genes  parity sows. with litter size born,

associated with puberty and  ®Combining data from over farrowing speed, stillborn
failure to reach puberty. 1,000 USMARC sows and number, ovulation rate and
3,000 commercial sows to birth weight.
Estrous Behavior understand retention OThese re.sults will be
Yes No patterns of sows through 4 validated in data collected at

commercial farms to evaluate
their utility to the swine
industry.

parities.
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]
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Anestrus
Prepuberta
Anovulatory?
Delayed Puberty

Ovulation
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Goal - Sustainable Poultry Production

“Marek’s Disease - #1 Chronic Infectious
Disease Concern for Poultry Industry

. ]
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» A T-cell cancer caused by the highly  Vaccines inhibit tumor formation but
oncogenic Marek’s disease virus do not stop viral replication and spread,
(MDV), an a-herpesvirus, which is and are the likely force for viral
ubiquitous in the environment. evolution

 Marek’s disease costs the worldwide « Need a sustainable alternative

poultry industry $1-2 billion per year. solution to widespread vaccination



Goal - Sustainable Poultry Production

Why Improve Genetic Resistance?

& It works!

¥ Genetic change Is permanent, thus, requires
no further input once established

% Augments vaccinal control measures

% Fits very nicely into the new paradigm of
using genomic selection
2 No need to expose elite flock to hazardous pathogen

= Select both sexes at hatch
=z Higher accuracy and can be combine with other traits



Goal - Sustainable Poultry Production

/ﬂe Genomic (DNA-based) selection for enhanced
Z &)&m
® genetic resistance to Marek’s disease

Allele-Specific Expression

» Genetics markers were screened to
identify differences in gene
expression in response to viral
infection.

» These SNPs account for 83% of the
genetic variance.

Accuracy of selection

0.8 T
0.7
0.6 7
0.5
0.4
0.3

‘o | PR— i
Genomic selection is 125% more
accurate compared to state-of-the-art

breeding methods.

Other advantages of genomic selection
are birds can be tested at day of hatch,
both sexes can be screened, no need to
measure traits.



Develop and Implement Genome-Enabled
Genetic Improvement Programs . ]

Problem: Genetic improvement for turkeys has been achieved using
selective breeding programs based on physically-measureable traits.
For less measurable traits such as immunity and reproduction, more
sophisticated genomic selection is needed. While genomic resources
are available for chicken production, these tools have not been
available to the turkey industry.

Accomplishments: Multi-platform next generation sequencing of the e ]
domestic turkey genome and development of a new genetic tool S ]

(SNP array) for turkey producers. o ] ;éx

Phylogenetic tree of 7 commercial

ARS scientists, in partnership with VPl and UMD, sequenced and

annotated the genome of the domestic turkey using a unique turkey lines and 4 turkey breeds,

sequencing strategy of data from both Roche 454 and Illumina GAIll including the ancestral South Mexican
wild turkey.

platforms. R .

ARS scientists conducted a broad assessment of 11 different turkey
lines and breeds and discovered 5.49 million SNPs that are potential
markers for genetic improvement.

Impact: A comparative analysis of the turkey, chicken and zebra finch
genomes supports the characteristic stability of avian genomes and h
identified genes unigue to each species and the avian lineage. An 800 BC 4

I' 1500’s
array containing 60,000 of the best genetic markers was made e

Domestication of the commercial

publically available for turkey producers and researchers. turkey: a true U.S. immigrant.



Genomic predictions for global dairy
cattle developed by USDA and
transferred to the industry

... to service implementation

A project to improve health and productive
efficiency of dairy animals through genetic
evaluation, thus improving the global diet

USDA
NP 101 (Animal Production) 5-Year Retrospective Review , Feb. 2016 (81) 8042-31000-101-00



Accomplishments

e Development and implementation of a
genomic evaluation system

e Creation and enhancement of a genotype database that now
includes over 1.2 million animals from 50 countries

e Collaborative development of genotyping tools
— Growth from 1 chip to imputing 19 chips of many densities
— Addition of sequence data

e Development of methodology that is used globally to
compute genomic predictions

e Transition of (1) data collection and storage and
(2) calculation and distribution of evaluations to industry

USDA
NP 101 (Animal Production) 5-Year Retrospective Review , Feb. 2016 (82) 8042-31000-101-00



Impact

e Faster genetic progress e Shorter generation interval

Genetic merit of marketed Holstein bulls Parent ages for marketed Holstein bulls

Average gain:
$87.49/year

Average gain:
$47.95/year

Parent age (mo)

Average gain:
$19.42/year
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e Healthier, more productive dairy cattle with a world-leading
genomic prediction system and vast database that producers
in many countries now use routinely to improve their herds
for many traits

USDA
NP 101 (Animal Production) 5-Year Retrospective Review , Feb. 2016 (83) 8042-31000-101-00
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Component 3: Measuring and
Enhancing Product Quality and
Enhancing the Healthfulness of
Meat Animal Products

% Problem Statement 3A: Systems to Improve
Product Quality and Reduce Variation in Meat
Animal Products.

% Problem Statement 3B: Improving the
Healthfulness and Nutritional Value of Meat
Products from Traditional and Non-Traditional
Production Systems.



LED beef carcass grading camera system
Problem

The USDA-AMS-approved beef grading camera included a xenon flash tube which
was sensitive to temperature and fatigue. The instrument manufacturer designed a
new camera system with LED lamps which provide a more consistent light source.
However, because the LED lamps changed the color pattern of the resulting images,
the LED cameras could not be implemented without validation of the accuracy of
regression equations under these new conditions. Industry also demanded that we
evaluate the ability of this system to predict tenderness.

Rizsulic
Equations for grade traits and slice
shear force (tenderness) were RS

developed, validated, and approved by Jg ﬁ W

USDA-AMS.

Impact
Approximately half of the fed-beef
packing plants in North America have §&
Implemented (or upgraded to) the
LED camera. Tenderness prediction
Is used in two plants so far.




Interaction of tenderness prediction classification, aging time,
and blade tenderization on tenderness of strip loin and top
sirloin steaks

Problem

Many food service entities have contemplated eliminating the use of blade
tenderization, due to pathogen risk. Thus, alternate strategies to ensure

tenderness are needed.
Results -

Determined that optimal aging VIR e ad endrction <005
times vary depending on
tenderness classification and blade
tenderization for strip loin and top
sirloin. : e |
USMARC tenderness prediction
system could be used to ensure

tenderness without blade

14.30t015.39 15.40t016.49 216.5

<14.
te n d e r I Z at I O n . VISNIR predicted slice shear force class, kg




Chilling rate effects on pork loin tenderness in commercial
processing plants
Problem

Major tenderness differences observed among pork packing plants.
Objective evaluation was needed to determine the source of plant

differences.

Results
Determined that extremely fast Plant differences in slice shear force
chilling systems result in less ) e
tender pork loin chops. /
Impact ;
National Pork Board convened its [l

CO2 stunning and blast-chilling

Pork Quality Solutions Team to
make the industry aware of this ‘ Bt
Issue. This led some companies to

test strategies to optimize chilling
and tenderness has improved.




Understanding/Improving Lean Color Stability

Problem
* Premature browning of retail meat products costs the meat industry more than
S1 billion annually when product has to be discounted.

* Previous research had minimized animal effects, but meat cuts from some carcasses fail
to meet specifications for case-ready programs.

Results and Impact

e Demonstrated animal-to-animal variation in lean color stability.

— Contrary to previous wisdom. Researchers have changed approach as a result

 Characterized genetic effects of sire breeds on lean color stability of ribeye steaks.

— First report of genetic effects on lean color stability in a population reflecting the U.S. beef herd.

— Indicates opportunity for genetic selection g 2
 Developed non-invasive technology to predict :
lean color stability.
— Provided the industry a tool to manage the problem
* I|dentified previously unknown mechanisms
contributing to lean color stability variation.

— Greater understanding of the biology of the trait
— Further influenced research in the field




Improving Meat Tenderness with Freezing

Too much variability in eating quality, especially tenderness, due to numerous breeds,
production systems, growth technologies, and postmortem processing variables.

Determined freezing can improve tenderness 2 ways:
Direct impact of structural damage from ice crystals,
Reduces the protein that inhibits tenderization during aging.

We have been working with a beef processing company
that is interested in implementing the process, to
optimize the freezing/thawing/aging parameters.

Will result in consistently tender meat.
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