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£} US Public Attitude Surveys
’m{] How much have you heard about
“.;s,F,::Jranlmal biotechnology ? (IFIC, 2005)

SOME ALITTLE NOTHING

http:/ /ific.org/research/upload/2005BiotechSurvey.pdf Animal Biotechnology and Genomics Education



% "I know it when I see it"
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Of the people who say they know nothing
about biotechnology, genetic
engineering or genetic modification;
almost half (46%) disapprove of the
use of genetic modification to create
plant-based foods, and 66% disapprove
of animal-based genetic modification.

Hallman, W. K., Hebden, W. C., Aquino, H.L., Cuite, C.L. and Lang, J.T. 2003. Public
Perceptions of Genetically Modlfied Foods: A National Study of American
Knowledge and Opinion. Rutgers - The State University of New Jersey.
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I am not going to be talking about
genetic modifications made by

tradltlonal ammal breeders today..........
'“J)é-'*'v!" ; S . 4
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@t | But rather genetic modifications made by
‘M the process of cloning and genetic

UNIVERSITY
CALIFORMIA

engineering.......
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http://www.ars.usda.gov/is/graphics/photos/jan01/k9314-2.htm

Even though the popular media likes to
suggest genetically engineered animals look
more like this!

UNIVERSITY
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Animal biotechnology

m Artificial selection (breeding programs)
m Artificial Insemination
m Hormone use

m Using DNA information for the marker-
assisted selection of superior animals

m Genomics
m Cloning
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Cloning by embryo splitting

UNIVERSITY
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Embryo is split to form
two half-embryos

N -

Embryos are transferred to an

unrelated surrogate mother Pregnancy is

monitored by
ultrasound

: Sheep gives birtﬁ to
identical twins
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Dolly (1996), the first
adult SCNT clone
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Dolly rapidly became entangled
with the debate over human cloning
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of
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Ensuing discussion failed to elaborate on the
reasons as to why cloning was developed
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Many animal species have been
since been cloned from adult cells
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Where does cloning come into the
breeders equation?

AG = intensity of selection X

accuracy of selection X

(vgenetic variance in population /

generation interval)
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Who’s Buving?
W ying

$20,000

Regancrest Emory Derry died unexpectedly.
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= Who’s Buying?
W ying

|
Specialty Cattle Producers

Starlight: record 77 inches ‘tip to tip’
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Are the milk and meat from SCNT clones
safe for human consumption?

ﬂm 137 Sossiee Rt EX2abethmwn. PR 17021 = 9 ¢
C ma—.umm - " ViaGen enables
™™ & & ’ the owners of cattle, horses
c r and pigs to 0 preserve a d
Champion Il K ' multiply thelr Best gen
EX-85 through mmhank:gn "
. cloning service
e T ot s s
- Qenomic services.
' | Developing in the
P Footprints of her
1" 1 L T T Founder
Alicia-2 Now EX-92
Qe
Visit our Booth at <« W
G omy World Dairy Expo 3

http://www.cyagra.com http://www.viagen.com

m In 2008 the FDA determined clones are as safe
to eat as food from conventionally bred animals

m The USDA currently has a voluntary moratorium
on marketing products from adult SCNT clones.
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“A genetically engineered animal
carries heterologous DNA stably
integrated into its genome.”

Gene

Embryo implanted in uterus of surrogate mother

Offspring ~
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Where does genetic engineering
come into the breeders equation?

AG = intensity of selection X

accuracy of selection X

(vgenetic variance in population /

generation interval)
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SCNT cloning of genetically engineered cells

Cell Culture Making Transgenic Clones

Sheep Oocyte
UNIVERSITY

CALIFORMNIA

Some cells integrate
the human gene into
their chromosomes

o, Transgenic nucleus Enucleated
for human ik added to oocyte without coll
blood-clotting nucleus
factor 1X added g
to culture plus
other regulatory

Embryo devsiops

©.6
OC

Implanted into
surrogate mother

Polly — clotting
TRR factor IX milk

comains human gene for
clotting factor IX in her mifk
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Pharma and industrial applications of
animal biotechnology

(cloning and genetic engineering)
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Cloned transchromosomic calves producing
human immunoglobulin

Yoshimi Kuroiwa', Poothappillai Kasinathan?, Yoon J. Chot®, Rizwan Naeem*, Kazuma Tomizuka
Eddie J. Sullivan‘, Jason G. Knott’, Anae Duteau’, Richard A. Goldsby’, Barbara A. Osborne®, Isao Ishida'"
and James M. Robi="
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Plasmapheresis to extract polyclonal antibodies
from the blood of cloned, transchromosomic,
knockout cattle carrylng human |mmunoglobulln

X ,c"V For

N %
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1O John Wilevy & Sony 45

NENOTRANSPLANTATION

Structural characterization of
al,3-galactosyltransferase knockout pig heart
and kidney glycolipids and their reactivity
with human and baboon anti

Diswall M, Angstrém J, Karlsson H, Phelps CJ, Avares D, Tencberg S,
Breimer ME. Structural characterization of 1.3 galactosyltransferase
knockout pig heart and kidney glycolipids and their re: ictivity with
human and baboon antibodies.

Xenotransplantation 2010; 17: 48-60. © 2010 John Wiley & Sons A/S.

Revnvucor

Home About Us Technology Management Publications News Contact Us

Revivicor is delivering the technology
and promise of regenerative medicine

Lcam about our company and the
tect 0Qies weve developed in our
que t 0 treat and cure senous human

disease

bodies

Mette Diswall,’ Jonas i\ngstrom
Hasse Karlsson Carol J. Phelps,’
David Ayares,® Susann Teneberg .
and Michael E. Breimer,’

'Department of Surgery, Institute of Clinical

WWW.revivicor.com
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Production of human monoclonal antibody in eggs
of chimeric chickens

Let Zhu', Marie-Cecile van de Lavoir', Jenny Albanese”, David O Beenhouwer™, Pina M Cardarelli
Severino Cuison®, David F Deng’, Shreikant Deshpande?, Jennifer H Diamond', Lynae Green®,

Edwurd L Halk®, Babette S Hever', Robert M Kay', Allvn Kerchner Philip A Leighton', Christine M Mather'
Sherie L Morrison®, Zivke L Nikolov', David B Passmore®, Alicia Pradas-Monne', Benjamin 1 Preston
Vangipuram S Rangar Mingaia Shi', Mohan Sriniv wan’, Steven G White', Pegey Winters Digiacinto

Susan Wong®, Wen Zhou' & Robert ) Etches'

The tubutar gland of the chicken oviduct is an attractive system for protein expression as large quantities of proteins are

s deposited in the ege, the production of eges s easily scalable and good manufacturing practices for therapeutics from eggs have
been established, Mere we examined the ability of upstream and downstream DNA sequences of ovalbumin, a protein produced
exclusively in very high quantities in chicken egg white, to drive tissue-specific expeession of human mADL in chicken egas. To
accommodate these large regulatory regions, we established andd transfected lines of chicken embryonic stem (cES) cells and
formed chimeras that express mAb from cES cell-derived tubular gland cells. Eggs from high-grade chimeras contained u

£ 3 mg of mADb that possesses enhanced antibody-dependent cellular cytotoxicity (ADCC), nonantigenic glycosylation, acceptable
v

hatf-life, excellent antigen recognition and good rates of internalization

Origen
NP The r..pgun.( s | Our mission is

)(IH“

A\ hea

L I mai http://www.origen.com
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INTERNATIONAL

BioPharm

The Science & Business of BioPharmaceuticals

Production of Recombinant Therapeutic
Proteins in the Milk of Transgenic Animals

Home

About BIO

Conferences 8 Events
Past BI0 Events
Industry Calendar
State/Int'| Cslendar

Members.8l0.0rg

o, llgws, Media, Speeches, &
* Publications

BIO Blogs & Podcasts
National Issues

www.gtc-bio.com
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Genetically engineered
food animals
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Fast growing salmon

The founder female was generated in 1989 — 21 years ago

TR Nature BioteChn0|ogy 10:176 — 181. 1992

L
CALIFORMNIA |

GROWTH ENHANCEMENT IN TRANSGENIC ATLANTIC
SALMON BY THE USE OF AN ““ALL FISH"” CHIMERIC
GROWTH HORMONE GENE CONSTRUCT

Shao ‘]un Du, Zhiyuan Gong, Garth L. Fletcher', Margaret A. Shears’, Madonna J.
King', David R. Idler' and Choy L. Hew*

Research Institute, The Hospital for Sick Children and Departments of Clinical Biochemistry and Biochemistry, University of
Toronto, Toronto, Canada M5G 1L5. 'Ocean Sciences Centre, Memorial University of Newfoundland, St. John's,
Newfoundland, Canada A1C 587. *Corresponding author.

i“ © 1992 Nature Publishing Group http://www.nature.com/naturebiotechnology

We have developed an “all fish” growth
hormone (GH) chimeric gene construct by
using an antifreeze protein gene (AFP)
promoter from ocean pout linked to a
chinook salmon GH cDNA clone. After
microinjection into fertilized, nonacti-
vated Atlantic salmon eggs via the micro-/
pyle, transgenic Atlantic salmon were gen- "
erated. The presence of the transgene was &

ANG107 —11/3/2011
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What is the AquAdvantage
salmon?

e |
-.-l-'l-""ﬂ-_""
' - ~Transg enmmw
iR Sk : Atlantm Salmon...

Ocean Pout Fish

Promoter gene

.

Chinook Salmon
Growth hormone gene
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Fish reach adult size in 16 to 18
months instead of 30 months

Growth Curves (Growout)

AquAdvantage Salmon

g

.I/

300 400 500 600

Days (from first feeding)
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Aqua bounty growth-enhanced salmon
http://www.aquabounty.com/
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Retrieved from “"AquAdvantage” image search
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EnviropigTM (Low-phosphorus manure)

i © 2001 Nature Publishing Group http://biotech.nature.com

RESEARCH ARTICLE
Nature Biotechnology 200 1

Pigs expressing salivary phytase produce
low-phosphorus manure

Serguei P. Golovan'<, Roy G. Meidinger?, Ayodele Ajakaiye’, Michael Cottrill', Miles Z. Wiederkehr?,
David J. Barney*, Claire Plante®, John W. Pollard®, Ming Z. Fan®, M. Anthony Hayes®, Jesper Laursen’?,
J. Peter Hjorth’, Roger R. Hacker?, John P. Phillips2*, and Cecil W. Forsberg'*

To address the problem of manure-based environmental pollution in the pork industry, we have developed the
phytase transgenic pig. The saliva of these pigs contains the enzyme phytase, which allows the pigs to digest
the phosphorus in phytate, the most abundant source of phosphorus in the pig diet. Without this enzyme
phytate phosphorus passes undigested into manure to become the single most important manure pollutant of
pork production. We show here that salivary phytase provides essentially complete digestion of dietary
phytate phosphorus, relieves the requirement for inorganic phosphate supplements, and reduces fecal phos-
phorus output by up to 75%. These pigs offer a unique biological approach to the management of phosphorus
nutntion and environmental pollution in the pork industry

“reduces fecal phosphorus
output by up to 75%"

www.uoguelph.ca/enviropig
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http://www.google.com/imgres?imgurl=http://unexplainedmysteriesoftheworld.com/wp-content/uploads/2010/02/Enviropigs-300x300.jpg&imgrefurl=http://unexplainedmysteriesoftheworld.com/archives/canada-on-the-verge-of-approving-enviropigs-millions-of-canadians-will-soon-be-eating-mousepig-hybrids&usg=__rWgEmaGqhq0d3Bvk-B7d_I1rf9Q=&h=300&w=300&sz=25&hl=en&start=36&itbs=1&tbnid=nryXnkF3st_7iM:&tbnh=116&tbnw=116&prev=/images?q=enviropig&start=18&hl=en&sa=N&gbv=2&ndsp=18&tbs=isch:1
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Nature Biotechnology 2007

Production of cattle lacking prion protein

Jiirgen A Richt'®, Poothappillai Kasinathan®, Amir N Hamir', Joaquin Castilla®, Thillai Sathivascelan®,
Francisco Vargas', Janaki Sathivaseelan?, Hua Wu?, Hiroaki Matsushita®, Julie Koster?, Shinichiro Kato'>,
Isao Ishida®, Claudio Soto’, James M Robl* & Yoshimi Kuroiwa*®

Prion diseases are caused by propagation of misfolded forms PrP-specific western blot analyses on fibroblasts (Fig. 1d), penpheral
of the normal cellular prion protein PrPC, such as PrPESE jp blood lymphocytes (Fig. 1¢) and brain stem (Fig. 1f) from wild-type
bovine spongiform encephalopathy (BSE) in cattle and prpCiD and PRNP™'™ calves using the mouse anti-bovine PrP monoclonal
in Creutzfeldt-Jakob disease (CJD) in humans!, Disruption of antibody F89, We detected PrP-specific bands in the wild-type calves,

Suppression of prion protein in livestock
by RNA interference pnas 2006

Michael C. Golding*, Charles R. Long’, Michelle A. Carmell*, Gregory J. Hannon**, and Mark E. Westhusin'

*Watson School of Biological Sciences, Cold Spring Harbor Laboratory, Howard Hughes Medical Institute, 1 Bungtown Road, Cold Spring Harbor, NY 11724,
and *Department of Veterinary Physiology, College of Veterinary Medicine, Texas A&M University, College Station, TX 77843

Communicated by James E. Womack, Texas A&M University, College Station, TX, February 2, 2006 (received for review November 21, 2005)

Given the difficulty of applying gene knockout technology to  interfering RNAs enables induction of silencing by “classical™

N 3 » o A 2 « a2 ey

() ales a A A
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GE Chickens That Don't
Transmit Bird Flu

Breakthrough could prevent future bird flu epidemics

Suppression of Avian Influenza

Transmission in Genetically
Modified Chickens

Jon Lyall,” Richard M. lrvine,” Adrian Sherman, ™ Trevelyan ) M(Klulv\yI Alejandro Nunez,’
Auriol Purdie,” Linzy Outtrim,” lan H. Brown,” Genevieve Rolleston-Smith,’
Helen Sang,’t Laurence Tiley't4

) ¢t | | il antigenn "

Science 331:223-226. 201 1 SCIENCE V!

http:/ /www.roslin.ed.ac.uk/public-interest/gm-chickens
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“"Would there be general acceptance of transgenic technology if
it could be applied to engineering resistance to influenza in
poultry and therefore lessen the risk of an influenza epidemic,
such as the one in 1918 that killed more than 20 million people?”

Clark,J. & Whitelaw,B. 2003. A future for transgenic livestock.
Nature Reviews Genetics 4, 825-833




| 2001 foot-and-mouth outbreak in UK

$ 3.5 to $6 billion lost, Numerous producer suicides
Millions of animals slaughtered from 10,000 farms

UNIVERSITY

B T

CALIFORMNIA

Is it possible that “playing it safe” by not pursuing research and
development in genetically engineered animals might deny us a
technique or products which could prevent an environmental or
public health disaster in fifty years time, or could prove invaluable
in the treatment of some livestock disease?

Animal Biotechnology and Genomics Education



GE animals raise unique moral,
ethical, and cultural questions

e Animal “integrity”

e Animal welfare
e related to breeding goals 4
e related to biotechnology

e Environmental issues
with regard to gene
flow from GE animals L
to native populations.

ANG107 - 11/3/2011 Animal Biotechnology and Genomics Education



1. Government regulators should include ethical and moral
considerations, in addition to scientific evaluation of risks
and benefits, when making regulatory decisions about
cloning or genetically modifying animals.

UNIVERSITY

CALIFORMNIA

2. Though ethical and moral considerations are important,
government regulators should consider only scientific
evaluation of risks and benefits when making regulatory
decisions about cloning and genetically modifying animals.

1. Morals / Ethics
and Science

63%

2. Science only

27%

Not Sure - 1

10% Feel that way strongly

http://pewagbiotech.org/research/2005update/2005summary.pdf
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How to incorporate social and ethical
Issues into regulatory decisions ?

m American consumers (75%) and scientists (70%)

agree that cloning and genetic engineering of animals
raise some moral and ethical issues

s However public is much less likely to approve (21-
25%) of these technologies than scientists (60-68%)

s How to reach a societal consensus on which set of
values will ultimately be applied to decide the
acceptable uses of animal biotechnology ?

Keystone Research Center (2004) — Biotechnology and ethics: a national survey of consumers and
scientists. Report to the Biotechnology Industry Organization. KRC Research, Washington DC, 29pp.

ANG107 - 11/3/2011
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“...genetic engineering is a key technology, Wthh
will be vital for meeting the world’s future food
needs. While animal genetics alone will not solve
the world’s future food problems, to fail to apply
the best available technologies to the solution of
contemporary and future food shortages would be
morally reprehensible.”

Fahrenkrug et al. 2010. Precision Genetics for Complex Objectives in
Animal Agriculture. J. Anim Sci. Jul;88(7):2530-9
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SUMMARY

‘|: No GE or SCNT cloned food animals are currently
on the U.S. market

FDA regulates GE/cloned food animals in U.S.

m The future of Pharma and industrial applications of
animal biotechnology looks promising

Future of agricultural applications is less certain and
regulatory process is not clear or predictable

m Yet to see if the expense of the technology and
regulatory process is commercially viable

Animal biotechnology faces some ethical questions
that were not part of plant biotechnology debate
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Chinese work on transgenic animals

Production of re
of pig to improve
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