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Land Grant Universities
• The idea for the land-grant university arose in the middle of the 19th century. In an era of 

economic, social, and political turmoil, U.S. Representative Justin Morrill, a Vermont native 
and son of a blacksmith, proposed the notion of government land-grants to support 
practical public education for the working classes.

• Abraham Lincoln signed the first Morrill Act into law on July 2, 1862.  Proceeds from the sale 
of land in each state would be invested in a perpetual endowment to support colleges of 
agriculture and mechanic arts. The signing of the second Morrill Act in 1890, the Hatch Act 
in 1887 (established Agricultural Experiment Stations), & the Smith-Lever Act of 1914 that 
created the Cooperative Extension Service, formed the basis of the land-grant model.

• The Morrill Act enables all citizens of the U.S. to participate in the nation’s economic and 
social progress. After 150 years, the core values embodied in that spirit remain.



Partners



Surrogate for Meat Demand—GDP
SOURCE:  The Economist, Jan 2018



Leading areas:
Atmospheric Science
Energy
Water
Veterinary/Translational 
medicine

Natural resources
Chemistry
Occupational Therapy
Anthropology
Engineering
Food production

Research at CSU ($300 million/year)



Graduate School

“Graduate students today, both M.S. and Ph.D., see how 
hard that you are working, and they want a different life.  
They want larger salaries and better work-life balance.  
They don’t want to spend the time and energy necessary to 
do what you do . . .”
Dr. Mary Stromberger
Dean of the Graduate School and Vice Provost for Graduate Affairs
Colorado State University



Coalition For Next Generation Life Science, 7-1-2018

http://futureofresearch.org/wp-content/uploads/2018/01/workforce-infographic-v5.jpg




Paradigm Shift In Research Methods
• Next Generation Sequencing (NGS)
• Transcriptomics
• Metabolomics
• Metagenomics
• Proteomics
• Pangenomics/Epigenomics
• Gene Editing (e.g., CRISPR)
• Bioinformatics & Transformative Analytics



Next Generation Sequencing Technology

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

Our metagenomics AMR study:
5 days
$900
>8 Billion BP



The Changing Nature of Research & Education



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)



Food Safety Problems



VF Preliminary Analyses

© EpiX Analytics LLC



Ecological Disconnect in AMR Studies?

What Do We Want to Represent?
E. coli

Fecal Microbiome
>1000 bacterial 

species
~20-30 kg 
feces/day

109-1012

bacteria 
per gram

Proteobacteria

Firmicutes

Bacteroidetes

Actinobacteria

100s to 1000s of 
Cattle

1g from 
10-20 animals

1 to 5 Colonies
1 or 2 Species

10-20 AMDs
Conclusions about Risks?



Studies of AMR genes in the beef supply chain & in Liver Abscesses
(Source:  Noyes et al., eLife, 2016)



AMR genes (≈7,000 genes) NOT identified in post-fabrication samples
(Source:  Noyes et al., eLife, 2016)



Microbiome Composition of Liver Abscesses
(SOURCE: Weinroth et al., 2017, J. Anim. Sci., 95 : 4520)
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Bacteroides
Fusobacterium
Pseudomonas
Porphyromonas
f__Enterobacteriaceae
Psychrobacter
Trueperella
Sneathia
Parvimonas
Campylobacter
Helcococcus
Atopobium
Haemophilus

Genus •Fusobacterium &  
Trueperella found in all 
liver abscesses.

•Liver abscess bacterial 
communities were 
polymicrobial.

•Most organisms identified 
were gram-negative 
(Tylosin kills gram-positive 
organisms). 

•While not the primary 
objective, U.S. feeding 
location & tylosin 
supplementation did have 
an effect on the purulent 
material community 
makeup. 
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Powerful CRISPR-Cas9 Tool
CRISPR
C:Clustered
R:Regularly
I : Interspaced
S: Short
P: Palindromic
R:Repeats

Cas
CRISPR-Associated Protein



Guide RNA

Cas9

Genomic DNA

Cleavage

Repair No Repair

Genome Editing Tools Bacterial Cell Death: Antimicrobial

The CRISPR-Cas9 System

Cut

ATG GAC CAT

Find
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E. coli O157:H7 Sakai Surviving Cell Populations (± SE) 
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Kill STEC Cells Using the CRISPR-Cas9 System

*Means bearing differing superscript letters differ (P < 0.05)

No cut Cut at the 
stx1 gene

Cut at the 
stx2 gene
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& stx2 genes

4.71a
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Potential Application: Editing Microbiota 
and Microbiome

Pathogenic bacteria

Commensal non-pathogenic bacteria

Bacteria containing antimicrobial resistance (AR) genes

Selectively 
kill 

pathogenic 
bacteria

Selectively 
remove 

transferable 
plasmids with 

AR genes

Healthy 
microbiome 

in cattle



Undergraduate Curriculums

• Desired outcomes/competencies
• Traditional & non-traditional student demographics--challenges
• Create/enhance hands-on learning & decision-making (and failure) 

opportunities
• Undergraduate research
• Livestock Business Management
• Engagement of industry stakeholders



(from 48 states/15 countries; 47% from Colorado):
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“Globalization”

: the act or process of globalizing;

: the state of being globalized;

especially : the development of an 
increasingly integrated global 
economy marked especially by free 
trade, free flow of capital, & the 
tapping of cheaper foreign labor 
markets.

First known use: 1951

SOURCE: http://www.merriam-webster.com



First “Global” Company-Perhaps?
SOURCE:  Vestey Foods Group, Ltd, www.vesteyfoods.com, 2014

• From 1890 through the turn of the century, 
William & Edmund Vestey established Union 
Cold Storage Co. (today Vestey Foods Group) 
across the UK, Russia, the Baltics, Western 
Europe, & China; they supplied large 
quantities of meat, poultry, eggs & fish to a 
growing UK population.

• Raised livestock on land acquired in Brazil  
& Australia; purchased additional meat 
works in New Zealand & Argentina. 

• Operated butcher shops throughout the UK, 
culminating in around 3,000 shops by 
1923.

• Built & operated the Blue Star fleet until 
1998.



Global Meat 
& Poultry 
Companies

In no particular order & not limited to:
• JBS S.A.
• Tyson Foods
• WH Group (formerly Shuanghui Intl.)
• Cargill Meat Solutions
• Marfrig Global Foods
• Brasil Foods (BRF)
• Danish Crown
• Itoham Foods
• Gruppo Cremonini
• Teys Australia (Joint venture w/ Cargill)
• Hormel Foods
• SuKarne
• Nippon Meat Packers
• ANZCO Foods
• Minerva Foods
• Sigma Alimentos
• OSI Group
• Maple Leaf Foods



LOD (ppb) 0.002
LOQ (ppb) 0.006
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Codex  =  40  ppb
FDA  =  90  ppb 















CSU Export 
Class Makes 
The News!

MAFF officials 
already responded 
if they could join 

the course.



Consumer Lack of Trust—Precedents



Americans “Trust” in Food Production
SOURCE:  Sullivan Higdon & Sink, FoodThink: Emerging Faith in Food Production, March 2014



Growth in Farmers Markets
SOURCE:  USDA-AMS
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