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Animal Breeding Class 
Environment + Genotype = Phenotype 

What is this? 

Source:	
  Chial,	
  H.	
  (2008)	
  DNA	
  sequencing	
  technologies	
  key	
  to	
  the	
  
Human	
  Genome	
  Project.	
  Nature	
  EducaFon	
  1(1):219	
  

Complexity of Phenotypic Expression: 
Transcription, Translation, Protein Synthesis & Post-

Translational Modifications 

Next Generation Sequencing Technology 

Human Genome Project 
(1990-2003): 
!  >13 Years 
!  ~$3 Billion 
!  3 Billion BP 

Our metagenomics AMR 
study: 
!  1 week 
!  $900 
!  >8 Billion BP 

NBQA-2011:  How Do Market 
Sectors Define/Describe1 
“Eating Satisfaction”? 

Retailers 
BW Rank = 2 

Foodservice 
BW Rank = 2 

Packers 
BW Rank = 2 

Feeders 
BW Rank = 6 

Government 
& Allied 
Industry 

BW Rank = 2 

Flavor Flavor Tenderness Tenderness Tenderness 

Tenderness Tenderness Flavor Marbling Flavor 

Consistency Customer 
satisfaction Marbling Customer 

satisfaction 
Customer 

satisfaction 

1	
  Based	
  on	
  the	
  number	
  of	
  1mes	
  that	
  each	
  characteris1c	
  was	
  
men1oned	
  as	
  a	
  response	
  to	
  the	
  ques1on.	
  

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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Factors Influencing Beef 
Eating Quality 

•  Beef	
  Tenderness	
  
"  Marbling	
  
"  Maturity	
  
"  Structural	
  Differences	
  

# Amount	
  &	
  Solubility	
  of	
  
Connec1ve	
  Tissue	
  (Age)	
  

# Sarcomere	
  Length	
  (Chilling	
  
&	
  ES)	
  

# Density/Lubrica1on	
  
(Marbling)	
  

# Protein	
  Degrada1on	
  
(Calpains)	
  

# Stress	
  and	
  Handling	
  

•  Flavor	
  (carbonyl	
  compounds)	
  

"  Species	
  Specific	
  
"  Amount	
  of	
  Marbling	
  
"  Grain-­‐fed	
  vs.	
  Grass-­‐fed	
  
"  Dry	
  Aged	
  vs.	
  Wet	
  Aged	
  

•  Juiciness	
  
"  Amount	
  of	
  Marbling	
  
"  Endpoint	
  Degree	
  of	
  
Doneness	
  

"  Water-­‐holding	
  Capacity	
  
(Ul1mate	
  pH)	
  

Genetically Controlled? 
Estimated Fresh Muscle Tenderness Ranking at 

Optimal Postmortem Aging Time 
Ranking	
  of	
  combined	
  USDA	
  Select	
  and	
  upper	
  2/3	
  USDA	
  Choice	
  muscles	
  from	
  lowest	
  to	
  highest	
  

WBSF	
  at	
  optimum	
  aging	
  timea	
  derived	
  from	
  expected	
  means	
  on	
  exponential	
  decay	
  curve	
  

Rank	
   Muscle	
   WBSF,	
  kg	
   Rank	
   Muscle	
   WBSF,	
  kg	
  
1	
   Pec1neus	
   2.96	
   11	
   Rectus	
  femorisa	
  	
   4.06	
  
2	
   Psoas	
  majora	
   3.26	
   12	
   Triceps	
  brachiia	
   4.09	
  
3	
   Infraspinatusa	
   3.32	
   13	
   Gracilis	
   4.17	
  
4	
   Serratus	
  ventralisa	
   3.54	
   14	
   Complexusa	
   4.18	
  
4	
   Teres	
  majorab	
  	
   3.54	
   15	
   Gluteus	
  mediusa	
  	
   4.49	
  
5	
   Adductor	
   3.62	
   15	
   Supraspinatusa	
   4.49	
  
6	
   Spinalis	
  dorsia	
   3.64	
   16	
   Vastus	
  lateralisa	
   4.50	
  
7	
   Gastrocnemius	
  	
   3.68	
   17	
   Biceps	
  femorisa	
   4.75	
  
8	
   Tensor	
  fasciae	
  lataea	
  	
   3.88	
   18	
   Semitendinosusa	
   4.79	
  
9	
   Vastus	
  medialisa	
  	
   3.89	
   19	
   Semimembranosusa	
   4.86	
  
10	
   Longissimus	
  dorsia	
   4.02	
   20	
   Superficial	
  digital	
  flexorc	
  	
   NA	
  

a	
  Values	
  derived	
  from	
  Gruber	
  et	
  al.,	
  2006	
  study.	
  
b	
  USDA	
  Select	
  Teres	
  major	
  showed	
  no	
  improvement	
  with	
  aging	
  to	
  28	
  d,	
  so	
  value	
  represents	
  premium	
  USDA	
  Choice	
  samples.	
  
c	
  No	
  improvement	
  in	
  WBSF	
  with	
  aging	
  to	
  28	
  d	
  occurred	
  in	
  the	
  Superficial	
  digital	
  flexor.	
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Mean bid prices by category All bids

Very tender
< 3.40 kg

Slightly tender
3.41 - 4.40 kg

Slightly tough
4.41 - 5.40 kg

Very tough
> 5.40 kg

$7.20x

$6.37y

$5.11z

$4.65z

R2 = 0.13
ŷ = 10.30 + (1.0165 * Shear force)

WBSF & Bid Prices 

Good Bad 

•   Numerous studies have cited 
tenderness as the most important trait 
affecting beef eating satisfaction 
(Dikeman, 1987; Savell et al., 1987; Miller et al., 1995; 
Savell et al., 1999) 

•   However, several studies have shown 
that when tenderness reaches an 
acceptable level, flavor becomes the 
most important driver of beef eating 
satisfaction (Goodson et al., 2002; Killinger et al., 
2004; Behrends et al., 2005). 

Importance of Beef Flavor 

Results – Grain vs Grass Finishing 
Effect of Grain vs Forage Finishing on Consumer Flavor Trait Ratings 

Treatment 

Flavor Trait Corn Finished (T3) Grass Finished (T12) SEM 

Overall Flavor Desirability 4.35a 3.29b 0.18 

Beefy/Brothy 4.28a 3.64b 0.19 

Browned/Grilled 3.18 3.21 0.24 

Buttery/Beef Fat 2.27a 1.53b 0.20 

Bloody/Metallic 2.68 2.80 0.24 

Grassy/Hay Like 1.16b 1.67a 0.15 

Gamey 1.37b 2.34a 0.14 

Earthy/Mushroom 1.32b 1.79a 0.16 

Nutty/Roasted Nut 0.72 0.81 0.16 

Livery 1.39b 2.41a 0.17 

Fishy 0.28b 1.75a 0.12 

Sour 1.01b 1.39a 0.13 

Sweet 0.69 0.48 0.10 

Bitter 0.91b 1.38a 0.17 

abLS Means in the same row lacking a common superscript differ (P < 0.05) 
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Varia1on	
  in	
  Beef	
  Sensory	
  Acributes	
  
Explained	
  by	
  Differences	
  in	
  Marbling	
  

TAMU	
  “1005-­‐Head	
  Study”	
  
Smith	
  et	
  al.	
  (1980)	
  

	
  
CSU	
  Study	
  

Emerson	
  et	
  al.	
  (2013)	
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Genetic Selection Techniques NBQA-­‐2011	
  Predominantly	
  Black-­‐Hided	
  Cacle	
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Changing	
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NBQA-­‐2011	
  Changes	
  in	
  Prime/Choice	
  
Over	
  Time:	
  	
  Cooler	
  Assessment	
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The NPD Group, Inc.  |  Proprietary and Confidential The NPD Group, Inc.  |  Proprietary and Confidential 
Document classification: Client/Third Party Confidential 
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Consumption for all types of beef steadily declined over the long term 

Long Term Beef Consumption Trends 
Annual Eatings per Capita 

Data represents total beef consumption 
Data for two years ending February 
Source: The NPD Group/National Eating Trends/ In-Home 
Database  

-39.3 

-8.3 

-17.3 

-9.5 

Point  
Change 

‘14 vs. ‘85 

“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 

is strictly prohibited without NPD’s prior written consent.” 

NBQA-2011 Lost 
Opportunities:  Value 
Losses Using 2011 Prices, 
Preferred Consist & Logic 

  1991 1995 2000 2005 2011 

Quality Grade  $ (24.01)  $     7.35   $     1.49   $ (19.82)  $  (25.25) 

Yield Grade  $ (14.17)  $   (2.55)  $   (7.54)  $   (9.39)  $    (5.77) 

Carcass Weight  $     0.56   $   (1.08)  $     1.62   $   (0.79)  $    (6.75) 

Hide/Branding  $   (0.85)  $   (0.95)  $   (0.87)  $   (0.69)  $    (0.74) 

Offal  $   (2.24)  $   (2.89)  $   (5.46)  $   (5.17)  $    (5.15) 

Total  $ (40.71)  $   (0.12)  $ (10.76)  $ (35.86)  $  (43.66) 
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Trait  NBQA 1991  NBQA 2011  

Average Yield Grade  3.2  2.9 

Fat thickness < .3 in. (%)  10.6  14.1 

Carcass trimmable fat (%)  14.6  14.0 
   *Reduction in fat yields of at least 5 lb/carcass. 

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

Excess Fat 

NBQA-­‐2011:	
  Carcass	
  Weights,	
  Instrument	
  Data	
  

Average	
   818.5	
  pounds	
  

Minimum	
  
300	
  pounds	
  
(Steer	
  YG	
  1,	
  no-­‐roll,	
  .05	
  in.	
  fat	
  
thickness,	
  9.1	
  in2	
  ribeye	
  area)	
  

Maximum	
  
1358	
  pounds	
  
(Steer	
  YG	
  5,	
  Choice,	
  1.2	
  in.	
  fat	
  
thickness,	
  13.0	
  in2	
  ribeye	
  area)	
  

Human Microbiome Project 
(SOURCE:  Foxman & Rosenthal, 2013, AJE) 
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Pan-­‐genomes	
  comprise	
  the	
  core	
  
genome,	
  which	
  comprises	
  the	
  
genes	
  found	
  in	
  all	
  members	
  of	
  a	
  
group	
  of	
  interest,	
  &	
  the	
  accessory	
  
genome	
  —	
  genes	
  that	
  are	
  present	
  
in	
  only	
  one	
  or	
  a	
  few	
  members	
  of	
  
the	
  group.	
  	
  

Source:  Nature Reviews Genetics, Soucy et al., 16:472–482 (2015) 

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

Too light in weight  1.2  0.4 

Too heavy in weight  6.9  11.1 

Lower than U.S. Select  8.3  5.8 

Dark-cutting  5.0  3.2 

YG 4 or YG 5  16.5  10.2 

$  The industry has been able to capitalize  
on this Economic Opportunity.   
(Progress – packer purchases on-the-rail) 

Other Opportunities:  Outlier Cattle NBQA-2011 Offal Condemnations 
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Emerging & Problematic Zoonotic Diseases 
"  Salmonella spp. (especially in cattle & swine). 

"  Verotoxin-producing Escherichia coli (especially in 
cattle & swine). 

"  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  

Pandemic Potential 

25.00%	
  

23.10%	
  

15.20%	
  

9.90%	
  

9.20%	
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7.30%	
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Vitamin	
  B12	
  

Zinc	
  

Protein	
  

Niacin	
  

Vitamin	
  B6	
  

Iron	
  

Phosophorus	
  

Potassium	
  

Total	
  Calories	
  

Total	
  Fat	
  

Total	
  Saturated	
  Fat	
  

Total	
  Monounsaturated	
  Fat	
  

Total	
  Polyunsaturated	
  Fat	
  

Lean	
  Beef's	
  Nutrient	
  ContribuFon	
  to	
  Overall	
  Diet	
  

Total	
  Nutrient	
  Intake	
  Contributed	
  By	
  Lean	
  Beef	
  in	
  the	
  
American	
  Diet	
  (NHANES)	
  

Unintended	
  
Consequences	
  
of	
  reducFons!	
  

Based on 3 oz composite of trimmed retail 
beef cuts, all grades, cooked 

Monounsaturat
ed	
  	
  Fagy	
  Acids	
  
[PERCENTAGE]	
  

[CATEGORY	
  
NAME]	
  

[PERCENTAGE]	
  

Saturated	
  Fagy	
  
Acids	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

[PERCENTAGE]	
  

FATTY	
  ACID	
  PROFILE	
  OF	
  BEEF	
  

	
  	
  	
  	
  	
  3.22	
  g	
  	
  	
  	
  
Stearic	
  Acid	
  1.04g	
  

3.54	
  g	
  

	
  0.29	
  

	
  	
  85	
  g	
  (3	
  oz)	
  Por1on,	
  Lean	
  Only,	
  Cooked	
  
Total	
  Facy	
  Acids	
  =	
  7.05	
  g	
  

Foodborne Illness Source Attribution 
Estimates (SOURCE:  CDC, Feb 2015) 
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Preventative AMD Use & 
Assumed Impact 

eLife 2016;5:e13195  

88 Samples 


