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Complexity of Phenotypic Expression:
Transcription, Translation, Protein Synthesis & Post-
Translational Modifications
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NBQA-2011: How Do Market &
Sectors Define/Describe?
“Eating Satisfaction”?
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Flavor Flavor Tenderness Tenderness Tenderness

Tenderness Tenderness Flavor Marbling Flavor

Customer

n q Customer  Customer
Consistency satisfaction Marbling

satisfaction satisfaction

1Based on the number of times that each characteristic was
mentioned as a response to the question.
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Animal Breeding Class

+ Genotype = Phenotype
What is this? v -

8) DN
Human Genome project. Nature Education 1(1):219

Next Generation Sequencing Technology

Human Genome Project
(1990-2003):

, +>13 Years
+~$3 Billion
< 3 Billion BP

HUMANGENOME

Our metagenomics AMR
study:

«1 week
| = $900
E +>8 Billion BP

NBQA-2011: Top Priorities to
Reduce Variation in Eating Quality

Premium value could be captured if
tenderness & flavor were provided
consistently

We will be
penalized in
the market if
we don’t
provide
these two
attributes
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USDA Choice Genetically Controlled?
Factors |nﬂuenc|ng Beef y ; Estimated Fresh Muscle Tenderness Ranking at
. . Optimal Postmortem Aging Time
Eatl ng Q U a I Ity Ranking of combined USDA Select and upper 2/, USDA Choice muscles from lowest to highest
'WBSF at optimum aging time? derived from expected means on exponential decay curve
«Beef Tend oF]  Ranic | wusde | west e L Rani| _musde | westie |
eer lenderness aVvor (carbonyl compounds) I 2 CE Ty AT
> Marblmg ‘»Speues speaﬁc 2 Psoas major® 3.26 12 Triceps brachii® 4.09
»>Maturity »>Amount of Marbling 3 Infraspinatus® 332 13 Gracilis 417
»Structural Differences »Grain-fed vs. Grass-fed : Serratus ventralis® 3.54 i‘; Complexus® 4.18
iorab ius?
+ Amount & Solubility of >Dry Aged vs. Wet Aged . Teres major: 3.54 - Gluteus-medluas 4.49
Connective Tissue (Age) OJ .. Adductor 3.62 Supraspinatus 4.49
v Sarcomere Length (Chi||ing auiciness . 6 Spinalis dorsi® 3.64 16 Vastus lateralis® 4.50
& ES) »>Amount of Marbllng 7 Gastrocnemius 3.68 17 Biceps femoris® 4.75
v Density/Lubrication »Endpoint Degree of 8  Tensor fasciae latae® 3.88 18  semitendinosus? 4.79
(Marbling) Doneness 9 Vastus medialis® 3.89 19 semimembranosus? 4.86
v i i . . 10 issi i 20 icial digi
?(r:glts;?n[s))egradahon >Water—ho|d|ng CapaCIty . dLonslfssuzu: dc:r‘sl o 4.02 Superficial digital flexor NA
. *Values derived from Gruber et al, 2006 study.
/Stress and Handling (Ultimate pH) S e T shwed o mprremer it gt s s reiom USDA Ghokce sl
9.00
Very tender R?=0.413
8.00 <3.40kg §=10.30 + (1.0165 * Shear force) I m portanCe Of Beef Flavor
_ Slightly tender X X
G WBSF & Bid Prices
o™ \\:ia,y Siighty tough * Numerous studies have qted O
2 441-540kg tenderness as the most important trait
ge® ss1° Very tough affecting beef eating satisfaction
5 540kg (Dikeman, 1987; Savell et al., 1987; Miller et al., 1995;
s 500 $4.65° Savell et al., 1999)
B
B o0 » However, several studies have shown
that when tenderness reaches an
300 acceptable level, flavor becomes the
most important driver of beef eating
2""’”‘ A A I satisfaction (Goodson et al., 2002; Killinger et al.,
Good : ’ ’ g Bad 2004; Behrends et al., 2005).
Shear force, kg
Results — Grain vs Grass Finishing Variation in Beef Sensory Attributes
Effect of Grain vs Forage Finishing on Consumer F\.’dﬂng: EXp I ain ed by Dlﬁe rences in M a rb I i ng
Flavor Trait ComFinished (T3)  Grass Finshed (T12)  SEM
TAMU “1005-Head Study” CSU Study
loverall Favor Desiabity ~ 4.35° 329 018 )
g P - — — Smith et al. (1980) Emerson et al. (2013)
Sweet, ; Browned Browned/Grilled 318 321 o % Variation Explained by Marbling % Variation Explained by Marbling
2 Buttery/Beef Fat 2277 153 020 100 100
Sour Buttery Bloody/Metallic 268 280 024 80 80 71 61
- - GrassyHay Like 1160 167 015 60 60
g . — ar = o L w0 Bow
e - [— o o oo 47 24 27 3
oy - Noty/Roasted Nt or2 081 016 20 . . . I 20
Grassy Livery 139 2410 017 o 0
Fishy ozsu 175 042 .(‘)&‘7” Q}(\z‘? %&\d Fy\\\d . & Q}Q@e" N & é\(&‘ < &
i ¢ F ¢S
Sweet 069 048 010 <& O N @ & &S ¢
3O @ S &
Biter oste 1380 047 & ¢ ¥
LS Means i the same row lacking 2 common superscrpt e (P < 0.05)
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Genetic Selection Techniques NBQA-2011 Predominantly Black-Hided Cattle

CONNEALY IRISH 0204
1ANO1215 - 16761484 70

« Bet the ranch calving ease ranking in the top 10% makes him popular for

effr projects.Yel, he sillsies above average growih and carcass (raits.
- Insvs pedigree s nique, oferng matng fexiityto many hefer 60 56.3
programs.
50
Born:[01-26:2010
Birth Weight: 69 I, Yrg Frame:[6.3
205 Days: 624 . Mature Frame:|6.2 20
365 Days: 1426 s, Scrotal: 40.0 cm.
g . Mac:uBm iga;: Vbsh B Tatioo: 0204 %
R s wnad By: | TC Ranch, NE; Genex,
Calving Ease Rating ///// 30

EPDs as of 4/8/16.

PregCheck 100
Support Photos | [ Support Photos Slideshow | Rel 5% 20

carc i 10
TRAIT CED BW WW YW RADG SCR DOC HPG CEM MILK MKH MW MH SEN|CW MARB RE FAT [HP WP sw sF sc  s8
EPD 90 08 50 101 033 117 20 87 13 22 61 25 026655 062 068-0060( 6 141 4303 6903 4129 1743
ACC 83 82 88 82 42 8 67 33 55 64 161 55 4 |5 S s s |13 3 0

‘Connealy Cowboy Mytty In Focus

NBQA-2000 NBQA-2005 NBQA-2011

Changing Optimal Tvpbes NBQA-;Oll Changes in Prime/Choice
§ing Lp , yp Over Time: Cooler Assessment
»\Té%@ 80% 74% NBTA'S
: i 70% ( povom
60% 55% 55%
51%
8 50% 49%
i}
c 40%
8 o
5 30%
e 20%
1958 Grand Champion 2016 Grand Champion 10%
Steer San Antonio Steer Denver National 0%
Livestock Exposition Western Stock Show 1974 1991 1995 2000 2005 2011
c tion for all t f beef steadily declined over the long t T,
onsumption 1or all types of beet steadily declined over the long term NBQA_2011 Lost 4 " gls.‘edthv‘: i

[ Long Term Beef Consumption Trends 0pp°rtu n ities: Value

Annual Eatings per Capita Point . . b,
= m = Change Losses Using 2011 Prices,
- e Preferred Consist & Logic [

80 .-\o—o—o—\“
N L el L e [
uaity crace |8

il : $(2401) $ 7.35 149 $(19.82) §$ (25.25)

40

ield Grade $(14.17) $ (255) $ (7.54) $ (9.39) $ (5.77)

20

(6.75)

Hide/Branding $ (0.85) $ (0.95)

Bf/Hmbgr Dishes Steaks (Beef) Beef Roasts

$ (224) $ (289) $ (546) $ (5.17) (5.15)

“Disclosed with permission of The NPD Group solely for the purpose for
which it is being provided by NCBA (a contractor to the Beef Checkoff). The
reproduction, dissemination, or use of this information for any other purpose

i strictly prohibited without NPD's prior written consent.” b oo

BEEF,

$

$
CEITPERAATTAN 5 056 $ (1.08) $ 162 $ (0.79) $

$ (0.87) $ (069) $ (0.74)

$ $

$ $

(10.76) $(35.86) $ (43.66)

$(40.71) $ (0.12)

The NPD Group, Inc. | Proprietary and Confidentil
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Excess Fat E&\’J$

Trait NBQA 1991 NBQA 2011

Average Yield Grade 3.2 2.9
Fat thickness < .3 in. (%) 10.6 141
Carcass trimmable fat (%) 14.6 14.0

*Reduction in fat yields of at least 5 Ib/carcass.

* The industry been able to capitalize
on this Economic Opportunity.
(Progress — “War On Fat;” quarter-inch trim)

Human Microbiome Project
NBQA-2011: Carcass Weights, Instrument Data (SOURCE: Foxman & Rosenthal, 2013, J\JE)

Average 818.5 pounds Host
I

300 gounds Microbiota
(Steer YG 1, no-roll, .05 in. fat

thickness, 9.1 in? ribeye area)

1358 pounds

o a Agent Envir
(Steer YG 5, Choice, 1.2 in. fat den
thickness, 13.0 in2 ribeye area) Figure 1. Microbiota can modify the effects of agent and

environment on the host and indicate host changes in response to
agent and environmental exposures.

® osecnve

Animals in a bacterial world, a new
imperative for the life sciences

Margaret McFalkNgai*”, Michael G. Hadfield®”, Thomas C. G. Bosch, Hannah V. Careye, Tomislay Domazet-Loso®,
Angela E. Douglas', Nicole Dubilier®, Gerard Eberl", Tadashi Fukami, Scott F. Gilbert., Ute Hentschel®, Nicole King,
Staffan Kielleberg”, Ancrew H. Knoll", Natacha Kremer”, Sariis K. Mazmanian®, Jessica L. Metcalf®,

Kenneth Nealson", Naomi E. Plerce’, john F. Rawis’, Ann Reid', Edward G. Ruby", Mary Rumpho", Jan G. Sanders’,
Diethard Tautz", and Jennifer 1. Wernegreen™

i, Madison, Wi 53706; "Kewalo Marine Laboratory, University
of Hawsi, Honoll, H 96813; Zoologica Institute, Chstian-Albrechis-University, D-24098 Kel, Germany; *Department of Comparative
. Madson, ko HR-10000 Zagreb, Croatia;‘Department of Entomology

3 ) ithoca, N 14853
Symbiosis Group, D-28359 Bremen, Germany; "Lymphoid Tissue Development Uni, Institut Pasteur, 75724 Paris, France; ‘Department of
i Y, Stanford, CA 94305; 3 ty Helsinki 00014, Finland; *Julius-von-Sachs
Instute, Unversiy of Wz, 097082 Wuezug, Gernany; Wi and Cel Bobogy Unversy of Calfori. Betele, CA 54720
"Singapore Gentre on Envronmenta fe Scences Engineering. Naryang Technological rivrsiy. Singapore 637551, and Centre for
Syoney 2052, austrls

. ; g . ,
e e c s Sy e Ry
jAsuzs) 2 e s etecd i the g £ v/
tos Aogels, o Comlridge, MA Q2138; ol Blogy a0 1% s s oot st of ¥ v & V/oris
Pysiogy hape i, NC 2759, . Weshigton, DC 2003, “Department of s o e o pesrse oot o %
Mokcuar and Cl ilogy, Unhersty of 708269, ‘g o lnck e or i 1 o523 nbigl vkt 21
Eolsionay Bokogy 024306 Pen, Gernany: and “ichaos Schoo and Instutefo Genome Scences anc Focy, Duke Uty Dutar,
27708 {
Y
p— >
other systems/tissues
n the st two decades, oo mososiale . behavior
iiagumatiary apose. e
S Speccay Gumentary, adpos

s homeostasis maintained between animals and ther symblonts; and how can ecological approaches deepen our understanding of the

thee appreciation of these interactions and to include investigations of the relationships between and among bacteria and their animal
partners a5 we seck a better understanding of the natural world.

resed oo

i 10 6T 118525110 s | ey 26,2013 | v 110 | o | 322996
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. Pan-genomes comprise the core
Cell Host & Microbe genome, which comprises the

Genetic Determinants of the Gut Microbiome in UK genes found in all members of a
Twins group of interest, & the accessory
Graphical Abstract Authors _genome — genes that are present
Julia K. Goodrich, Emily R. Davenport, in only one or a few members of
TR Michelle Beaumont, ..., Jordana T. Bell,
i /"i/- E Andrew G. Clark, Ruth E. Ley the group.
- Strain-specific

€
e

( Correspondence genes

) rel222@comell.edu

In Brief

Does host genotype shape the
microbiome? Goodrich et al. present a
gut microbiome analysis of 1,126 twin
pairs, which extends the association
between host genetics and select
bacterial taxa. Lactase nonpersistence
was linked to higher levels of
Bifidobacteria. Other gene/microbe links
relate to diet and barrier defense.

‘o= =Bifdobacterium

Goodrich et al, 2016, Gell Host & Microbe 79, 731-743
(@) o May 11, 2016 6 2016 Elsevier Inc. CeII
http://ch.loi.org/10.1016j.chom. 2016.04.017

Source: Nature Reviews Genetics, Soucy et al., 16:472-482 (2015) [RmrS——

Eukaryotes

Land plants Fig. 1 World and A
continental poputation [PT—— -
° & projections. (A) UN 2012
& FE e Fo &, & werld peplation
_— P R rcchon (st e i)
R RN R wih B0% 1 ark shaies

aea), 9% Pl (lght
shaded area). and the
tracitianl UN high

and low variants (dashed
bl fines). (B) UN 2012
populaticn projections by
contoent. In both panels.
the vertica dashec e
denotes 2012

V' \— Function:
Phototropic response

ction:

« DNA replication and repair

« Pathogen and abiotic
stress resistance

WORLD POPULATION

e World population stabilization

* Vascular development
Pl

e tolsnce unlikely this century

. t
‘Thomas Spoorenbers,’ Leor
Nevena Lalle” Gulomas

Raettnen 't Gerhard K. Ho

i Iy ulstion projections based on data untl
2012 nd  Bayesian probabillstic metnodology. Analys!s of these data reveals that.
ntrarg o et ituclicalytn ing i

m the Tr
expeeted Lo happen in Al

etoxiicati . ) !
95 bi 3 sition in 2100 h E B
range 3 i i
rate: i
tha pace o fertity de o the eak of Woeking g people tn ldor poopla s Tkely
10 Gacine substantially i all countiles, even those thatcurrently have young populations.
Nature Reviews | Genetics v . W have youmg popl AVAAAS

Other Opportunities: Outlier Cattle NBQA-2011 Offal Condemnations

NBQA 1991 NBQA 2011
Carcasses that are: (%) (%) 30.0 -

Too light in weight 1.2 04 24.7 H Liver

Too heavy in weight 6.9 1.1 2507 M Lung
00 heavy in weig R . M Viscera

Lower than U.S. Select 8.3 58 20.0 I Head

Dark-cutting 5.0 3.2 ¥ Tongue

YG40orYG5 165 10.2 % 150 |

10.0

= The industry has been able to capitalize 100 -
on this Economic Opportunity.
(Progress — packer purchases on-the-r’, g

NBQA-2005 NBQA-2011
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Probability [P]

7

Control RAC 300 RAC 400 Zilpaterol
Treatment

STRATEGIC ALLIANCE

3 Day Display
Strip Loin

Emerging & Problematic Zoonotic Diseases

»Salmonella spp. (especially in cattle & swine).

> ichia coli
cattle & swme).

»Campylobacter jejuni (often in poultry).

> Yersinia enterocolitica (usually in swine).
»Listeria monocytogenes (mainly in cattle and sheep).
»Staphyloccus aureus (in cattle udders; on swine skin).
»>Streptococcus suis

>Avian influenza

»>vCJD (new variant Creutzfeldt-Jakob)
>HIV/AIDS

»>Nipah virus

>West Nile virus

»>Hantavirus pulmonary syndrome

>Sars

FATTY ACID PROFILE OF BEEF

85 g (3 oz) Portion, Lean Only, Cooked
Total Fatty Acids =7.05 g

Monounsaturat
ed Fatty Acids
PERCENTAGE]

Saturated Fatty

[CATEGORY
NAME]
[PERCENTAGE]
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Total Nutrient Intake Contributed By Lean Beef in the
American Diet (NHANES)

Total Polyunsaturated Fat [l 0.70%
Total Monounsaturated Fat [N 5.40%
Total Saturated Fat NN 3.80%
Total Fat [N 4.50%
Total Calories NN 3.90% *

Unintended
Consequences
of reductions!

potassium | IEG_—_— 6.10%

Phosophorus 30%

Iron
Vitamin 86 |GGG O.20%
Niacin  IEG———— o.90%
protein | IEGCGEG——— 5.20%
Zinc |G 23.10%
Vitamin 812 | 25.00%

Lean Beef's Nutrient Contribution to Overall Diet

Foodborne lliness Source Attribution
Estimates (SOURCE cDC, Feb 2015)

Food category

0 30 60 9 0 30 60 9 O 30 60 9 0 30 60 90

Model-estimated attribution percentages
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Preventative AMD Use &
Assumed Impact

n .ANTIBIOTIC RESISTANCE
from the farm fo the fable

RES\STANCE Al arimos cary backria in thir infstines

EXPOSURE pacplecon gt sck v rsiston

- ‘_&

IMPACT same ressont nfection

@eLlFE eLife 2016;5:013195 wssocnsos | @ |

Resistome diversity in cattle and the

environment decreases during beef

production

Na.uenuoy.s Xiang Yang?, Lyndsey M Linke', Roberta J Magnuson’,
\ger’, Shaun Cook*, nia Geornaras?, DallEWNmor‘

m Dettenwany Higeni
somyl P Gow, Tlm A M(Alllsnr‘  Hon Y:ng  aime | Ruiz’, Kenneth L Jones*,

Funtet iy
e et Chaceet.

RANCHES FEEDLOT TRANSPORT SLAUGHTES

32weeks <8hours 16days

RETAIL

88 Samples

oy S,
g B oty mt,
e,
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