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Gene Editing in Food Animals
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Agriculture: The Real “Hunger Game”
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' HUNGER ISN'T GOING AWAY
13000 The percentage of hsngry people in the develaping world had been dropping
12000 | | fior decades (bottom) even though the number of hungry worldwide barely

dipped (top). But the food price crisis in 2008 reversed these decades of gains.
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Population expected to grow to 10 billion by 70% of gains in food production must

2050 come from innovative agricultural
Food production must double technologies




A Growing Demand for Meat & Milk

Projected growth in meat
demand to 2020
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Traditional
Selection

 Phenotypes have been collected for more than a century
e Estimate genetic merit for animals in a population
o Select superior animals as parents of future generations

Statistical

Methodology
Pedigree



No. Dairy Cows (thousands)
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Selection Works

In 2007 U.S. Produced 34% more milk with 48% fewer dairy
cows than in 1960
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Inbreeding Increases Frequency of Deleterious
Mutations

Deleterious Fertility Alleles

Name Chr Loc Freq Earliest Known Ancestors Gene
BTA  Mbase %
HH1 5 62-68 4.5 Pawnee Farm Arlinda Chief APAF1/stop gain
HH2 1 93-98 4.6 Willowholme Mark Anthony ND
HH3 8 92-97 4.7 Glendell Arlinda Chief, SMC2/non-
Gray View Skyliner synonymous
JH1 15 11-16 23.4 Observer Chocolate Soldier CWC15/stop gain

BH1 7 42-47 14.0 West Lawn Stretch Improver

More mutations on the horizon as selection continues

VanRaden, P.M., et al. Reporting of haplotypes with recessive effects on fertility. Proc.
Interbull Mtg., Stavanger, Norway, Aug. 26-28, 4 pp. 2011.



Crossbreeding to Introgress Superior Performance
Also Dilutes Congenital Mutations

Bull of bread A [100%)
of breed B [100%)

F1 erpsshired progeny
— S0% A and 50% B

Two breed cross occurs where breed A and breed B are two purebreeds
and the F1 progeny (AB) contains equal parts of the two breeds.




Crossbreeding Dilutes Traits of Local Adaptation

Wayne Hutchinson




Non-Meiotic Allele Introgression

Animal Welfare
Humane production
Gender selection
Disease resilience
Disease gene repair

Acceligen

Sustainability
Reduced environmental impact
More efficient feed conversion

Enhanced reproduction

Product Quality
Food safety
Healthfulness

Palatability
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Tools for Enhancing Valuable Variation
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Gene Editing Platforms

DNA double-stranded break (DSB)
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Gene Editing Platforms

Table 2 | Comparizon of three classes of programmable nucleazes*

ZFNs TALENs RGENs
DNA targeting Zinc-finger proteins Transcription activator-like  crRNA orsgRNA
specificity determinant effectors
Nuclease Fokl Fokl Cas0
Success rate Low (~24%) High (>00%) High (~00%)
Average mutation rate!  Loworvariable (~10%) High (~20%) High (~20%)
Specificity-determining  15-36bp 30-40bp 22 bp (total length 23 bp)
length of target site
Restriction in target site  G-rich Startwith Tand end with A End with an NGG or NAG (lower
(owing to the heterodimer  activity) sequence (that is, PAM)
structure)
Design density One per ~100bp At least one per base pair One per 8bp (NGG PAM) or 4 bp
(NGG and NAG PAM)
Off-target effects High Variable
Cytotoxicity Variable to high Low
Size ~1kbx2 4.2 kb (Cast from Streptococcus
pyogenes)+0.1kb (sgRNA)
<10+
Kim & Kim (2014). A guide to genome engineering with programmable nucleases. 9

Nature Rev. Genet. 15: 321-334
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Rates of De Novo mutation in germline

Risk of mutation
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~ Gene editing ™ De Novo (sex)
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Deployment of Gene Editing in Livestock
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Double Muscling to Decrease
Time-to-Market and Increase RPY

e At least 7 Spontaneous Mutations of
Myostatin are known in cattle

e Resultsin 7% and 30% Increased RPY in
European Breeds (+/mh; mh/mh)

e Mutation not found in some breeds

* Heterozygotes come to market weight
on less feed/time.

e Can introduce by cross-breeding but
changes genetics

wi | ESRE | Wild type myoststin

nt&21[delll] [ | ] Belgium Blue cattle

GHIEA [ I 213y |  PFedmaontesecattle

it 18(delT-Ins10] | | Mzine-Anjou cattle
£510T | | C204X Charolais ; Limausine

GETEA [ ] E2286X Mazine-Anjou cattle

GETAT [ | ] E291X fzrchigizna
o 48 86 144 182 240 288 33e 384
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e More Meat- Less Time, Same Feed
Old Trait in a New Breed
e Centuries of Safe Consumption

His Ser The Gl Ser Arg Cys Cys frg Ty Pro Lew Thr ¥Wal Asp

{CRCTC CRCAGRATCY CGATGCIGIC GITRCCCICT EéIE-TGE-AI WT
‘IGAG GIGICITAGR GCTACGACAG CAATGGGAGR TIGACACCTR

His Ser Th Gl Ser Arg Cys va  val Th Lew ™ Leu Trp lle

LCACTC CRCAGARTCT CGATECGTCE TTACCCICTA ACTGTGEATI 844De| 1
GIGAG GIGICITAGR GCTRCGCAGC AATGEGAGAT TGACACCTAR

282 Premature
Frame Stop
Shift
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Myostatin KO in sheep E|ijﬁ'ROSUN

Deleted nucleotides
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Deletion of arginine 283
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African Swine Fever

Journar oF VirovLocy, June 2011, p. 6008-6014 Vaol. 85, No. 12
022-538X/11/512.00  doi: 10.11285VL00331-11
Copyright © 2011, American Society for Microbiology. All Rights Reserved.

Species-Specific Variation in RELA Underlies Differences in NF-xB
Activity: a Potential Role in African Swine Fever Pathogenesis”

Christopher J. Palgrave,"*} Linzi Gilmour,*f C. Stewart Lowden,” Simon G. Lillico,?
Martha A. Mellencamp,*$ and C. Bruce A. Whitelaw?*

Veterinary Pathology Unit, Division of Veterinary Clinical Sciences, Royal (Dick) School of Veterinary Studies, University of Edinbugh,
Easter Bush Veterinary Centre, Roslin, Midlohian EH25 9RG, United Kingdom'; Division of Developmental %ﬂw Raslin
Institute and Royal (Dick) School of Ve eterinary Studies, University of Edinbuergh, Easter Bush Carmpus, Roslin,
Midlothian EH23 9RG, United Kingdom®; Veterinary Health Research Py Ltd,, Trevenna Rd, West Armidale,

NSW 2350, Auswralia’: and GenusiPIC, IG\? Bluegrass Commeons Blvd., Hendersonville, Temr,e:me 37075

Received 17 February 2011/Accepted 15 March 2011

African swine fever virus (ASFY) is a highly infections disease of domestic pigs, with virnlent isolates causing
a rapidly fatal hcmnrrhmc fever. In contrast, the porcine species endogenous to Alrica tolerate infection. The
ability of the virus to persist in one host while killing another penchulhr related host implies that disease
severity may be, in part, modulated by host genetic variation. To ion profiling ap-
proaches to identify the underlying genetic variation in the host response to ASFYV, we have taken a candidate
gene appruach based on known ilr,nnlmg pathways that interact with the virus-encoded immunomodulatory
n AZ38L. We report the sequencing of these genes from different pig species and the identification and
in in vitro characterization of polymorphic variation in RELA (pé8; v.rel reticuloendotheliosis viral
oncogene homolog A), the major component of the NF-xB transcription factor. Warthog RELA and domestic
pi|; RELA differ at three amino acids. Transient cell transfection assays indicate that this variation is reflected
in reduced NF-icB activity in vitro for warthog RELA but not for domestic pig RELA. Induction assays indicate
that warthog RELA and domestic pig RELA are elevated essentially to the same extent. Finally, mutational
studies indicate that the S331P site conveys the majority of the functional variation between warthog RELA and
domestic pig RELA. We propose that the variation in RELA identified between the warthog and domestic pig
has the potential to underlie the diference between tolerance and rapid death upon ASFV infection.

S531P

—=miFeverse strand 5.50 kb |




Truncation of RELA in pigs by embryo
injection with TALENSs

Parturition in 4 of 7 recipients
resulting in 39 piglets, 8 of which
carried editing events (21%).

Piglet 26

ALGTTATAGCCTCAGGGTACTCCATCAGCTGGGCTTCACTTGGGEGGGGEGGGCCTGGEATT

Monoallelic
1bp deletion

AGTTATAGCCTCAGGGTACTCCATCAGCATGGGCTCAGCTGTGTGGGGGGGCA (W)
AGTTATAGCCTCAGGGTACTCCATCAGC-TGGGCTCAGCTGTGTGGGGGGGCA (1 del)

e |
[ ~B ROSUN Live pigs produced from genome edited zygotes. Y
" | Lillico et al, Nature Sci Rep. 2013 Oct 10;3:2847 recombinetics



Livestock Gene Conversion with TALENSs
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‘ Lead U.S. Product:
Genetic Dehorning of dairy cows

= I'i-'
W

e Horns are hazardous to people & cattle
 Most U.S. dairy animals are dehorned (USDS5-20 each)
e Polled at VERY low frequency in Dairy breeds (<1%)

 Breeding into Holstein would take >20 years & destroy dairy
performance.

e Polled mitigates regulatory risk- NATURAL trait, NOT GMO

e Polled mitigates CONSUMER acceptance risk- STRONG market
demand for animal welfare

Acceligen %
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http://www.google.com/url?sa=i&rct=j&q=dehorning+cattle&source=images&cd=&cad=rja&docid=-u2ZLJlyZdOeYM&tbnid=Ts-lcs7X4XrFEM:&ved=0CAUQjRw&url=http://nzdairy.webs.com/thelifeofadairycow.htm&ei=LqdgUcCxDqakiQKdy4DoDg&psig=AFQjCNF_UR2AgKeqtSGRy0IJ0rfQvy4c_g&ust=1365375098668317

Polled is a Target for Introgression

® .' -

Log, Ratio

IR UEU

Medugorac, et al., (2012) Bovine
Polledness — An Autosomal
Dominant Trait with Allelic
Heterogeneity. PLoS One 7 (6)

260 kb

replaces a sequence of 10 bp (1,706,051-1,706,060 bp). Angus,
Galloway, Fleckvieh, Gelbvieh and Murnau-Werdenfelser

P, Friesian origin. P5ID (replace 7 bp (cgcatca with ttctcagaatag;
1,649,163-1,649,169) and 80,128 bp duplication (1,909,352-1,989,480
bp PgqID, plus five point mutations at the positions (G1654405A,
C1655463T, T1671849G, T1680646C, C1768587A)



Polled Allele Introgression into Holstein
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TALEN DSB
| 1546 bp |

Horned Fi—= ¥ +— R1

F2eatohp+ RZ
-— P
Duplexed Oligo . .
HDR Template

In ression

Hl 1748 bp o
— -—
Polled
F2—» 67 bp =—R2
+—FP
| 976 bp | <, Polled specific prnduct|
':.0' \j"\ Ay C“\' n':l;" Y
b & st C I i
< < % ) ¥y
1 2 3 1 2 3 H H P 1 2 3 P H H P
b d e
= .o > & .
S - [ - -
- - — - - e
- - - = - —

Percentage of clones homozygous for introgression = 1-5% %
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Dairy Breeds
Horned

'y

1. Crossbreeding.

Meiotic contamination
R —
1 —

P

Polled Beef Breeds
NATURALLY no horns

I Meat Quality

Milk Yield 5 “

_ Milk Quality

The polled allele (P)
is dominant to the
horned allele (h)

Meat Yield

8+ generations of backcross

' required to recover dairy
genetic merit

2. TALEN mediated gene conversion.

TALEN Cut

£ Red Angus template
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Livestock Gene Conversion with TALENSs
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1-2 weeks archive 2 weeks 1 week 9 months

TALEN
treatment
culture i ; — "’;-.;—;;\
cells ' transfer
clone ID clone
surrogate

HIGH PTA/EBV Bull £ HIGH PTA/EBV
HIGH PTA/EBV / , +EDIT
Young stock

 melting curve  sequence trace
analysis analysis
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Tan, Carlson, Walton, Fahrenkrug, Hackett (2012) Advances in Genetics 80:37-97



Horizontal Allele Introgression
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Selection from a homogeneous populatipn
Selection from a heterogeneous populati

Crossing of existing approved plant varieties®

Agrobacterium transfer of rDNA from closely
related species

Conventional pollen-based crossing of closely
related species

Conventional pollen-based crossing of
distantly related species and/or embryo rescue

Somatic hybridization

Somaclonal variation (SVC)

Biolistic transfer of rDNA from closely
related species

Agrobacterium transfer of rDNA from
distantly related species

Biolistic transfer of rDNA from distantly
related species

Mutation breeding, chemical mutagenesis,
ionizing radiation

*includes all methods of breeding

Gene Editing is Breeding

Less likely » More likely

Figure 1 The NAS committee on the safety of genetically engineered food expressed the likelihood
of unintended changes as a continuum with gene transfer more likely than all other modification

techniques other than mutagenesis.
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