Cattle genome editing
For resistance to
trypanosmiasis



A transgenic approach to trypanosome resistance

* Proof of concept
* Vehicle for stakeholder engagement
* Product with massive potential for impact
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African trypanosomiasis

e Caused by extracellular protozoan parasites —
Trypanosoma

* Transmitted between mammals by Tsetse flies
(Glossina sp.)

* Prevalent in 36 countries of sub-Sahara Africa.

In cattle

* A chronic debilitating and fatal disease.

* A major constraint on livestock and agricultural
production in Africa.

e Costs USS 1 billion annually.

In human (Human Sleeping Sickness)

* Fatal

* 60,000 people die every year

* Both wild and domestic animals are the major
reservoir of the parasites for human infection.



Trypanosomiasis in livestock costs billions of dollars

Cattle and
tsetse



Livestock are also reservoirs of human disease

T brucei rhodesiense - T. congolense,
. . L -
T brucei gambiense

T. vivax



Trypanosomes lyse when exposed to primate serum,
which contains the pore-forming toxin APOLI

Mouse/Cow/Goat Primate serum
Serum (no APOLI) ____ _______(withAPOLl)




The Mzima Cow- a
transgenic approach




Targeting the Transgene to the ROSA26 Locus Using CRISPR/CAS

Are transfected mice protected from infection by African trypanosomes?



Mice expressing human APOLI are immune to infection by the
cattle/goat infective T. b. brucei
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But humans are susceptible to infection by
T. b. rhodesiense

T. b, brucei
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Mice expressing human APOLI are susceptible to infection by
the human infective T. b. rhodesiense

100 L
757

©
2
> m— Wild Type Mice
=
® o - === Mice with Human APOLI
<
[}
o
(4] 25- 1
o

0 T T T T

0 5 10 15 20

Days PostlInfection



But mice expressing baboon APOLI are immune to infection by
the human infective T. b. rhodesiense

100 L
75 7

©
2
> m— Wild Type Mice
=
» 50 - === Mice with Human APOLI
c
o == Mice with Baboon APOLI
o
Q 25 ™ 1
o

0 T T T T

0 5 10 15 20

Days PostiInfection



Design a synthetic
TLF that could

kill all African
Trypanosomes

Validate the protective
capacity of the genes in
genetically modified mice

Assemble ideal
bovine targeting
construct

Experimental plan

—

Transfection of bovine

construct and blastocyst
implantations

Bovine embryonic fibroblast
cell culture system

Establish bovine cloning system

Phenotyping and field studies




The Mzima Cow

A transgenic approach to trypanosome resistance

Tumaini (Hope), the world’s first cloned
Boran at ILRI

Tumaini resulted from SCNT at ILRI. He is
healthy and fertile.

The APOL1 resistance gene has now
been inserted into the same source cell
line

CRISPR/Cas9 mediated insertion of TLF
protects mice

This construct is now in ‘Tumaini’s
blastocysts’ ready for implantation
into recipient cows at ILRI



The Mzima Cow Project

A transgenic approach to trypanosome resistance

Currently, the Mzima cow methodology is based on An interesting alternative approach is use of spermatogonial
CRSPR-Cas9 with Somatic Cell Nuclear Transfer SCNT stem cell lines(SS5C’s)

using material derived from embryo skin cell lines. * Produce modified males capable of hosting sperm
carrying ‘any’ target gene

. Requires a host male with his own sperm production
. Produce bulls transgenic for your target gene ablated

YY



The Mzima Cow Project

“Mzima Goat” by spermatogonial stem cell transplantation

YY



The Mzima Cow Project

Disseminating preferred genetics

In vitro genomic selection
requires in vitro gametogenesis

Sex selected sperm

Improved methods for sperm/embryo
distribution



Translating Genetic Research to Adoption & Social Value

Preparing the regulatory, safety & public *  Ground-breaking Science
awareness environment  The Challenge of Adoption

* Defining the Testing Routemap

“Systems Change at the Speed of Trust”:

Establishing trust is key to regulatory progress and
the eventual adoption and understanding of genome
edited livestock
Kenyan and
regional
regulators and
stakeholders meet
in ILRI with their
global
counterparts to
discuss the Mzima
Cow project



The Mzima Cow

Regulatory and public awareness

Developing a Theory of Change

To have a positive impact on human wellbeing we need a clear Theory of Change -
ie define the goals, actors and paths to success

Our first workshop was held in January 2017 with stakeholders representing the
following domains: agricultural economics, anthropology, veterinary science, public
health, pastoralist, national parks, biosafety requlation, genetics, parasitology,
science communication, land owners, agricultural marketing, small holders,
community driven programmes

The participants investigated the issues of the burden of trypanosomiasis,
stakeholder and power mapping, impact analysis of Mzima Cattle and the
challenges and the priorities for action



The Mzima Cow

Regulatory and public awareness

USDA Workshop on International Animal Biotechnology
Regulation. Charlottesville July 2017. Recommended:

* Seek specific new regulatory frameworks for animal biotechnology
* Engage with regulatory authorities early and openly

* Encourage cross-border regulatory harmonization or coordination
* Produce roadmaps for research progress

* Produce roadmaps for eventual approval and adoption of
successful research products

* Produce realistic timetables for all of these



The Mzima Cow

Regulatory and public awareness



The Mzima Cow
Testing Roadmap

Systems Change at the Speed of Trust”: Establishing trust is key
to regulatory progress, adoption and understanding

* February 2018 workshop to gain multiple perspectives on the
domains of trypanosome resistance, animal welfare, human
welfare & environmental welfare

e Containment and alignment with (emerging) National
Biosafety Guidelines

e Setting up a comprehensive and transparent testing schema,
or route map, is the first step in building the knowledge to
provide confidence in the viability and safety of these cattle



The Mzima Cow
Testing Roadmap

Next steps

e Development and implementation of communications and
monitoring & evaluation strategies

e Impact modelling

e Expanding to more breeds in more centres

e Development a rapid field-testing kit for the transgene and its
product

e Workshops and planning for introduction of cattle to markets

e Expanding the programme to Mzima Goats (which due to cost, size
and breeding speed could have benefits for both the research
programme as well as consumers)



The Challenge

We are developing transgenic cattle
resistant to an important dis

impact across Afrca. Ou long-term aim
is t0 generate genetically modified cattle,
which carry a gene that imparts resistance

APOLY, encodes for the pore forming
protein component apolipoprotein L of
trypanosome Iytic factors (TLFs)

Trypanosome Lytic Factor
Trypanosome Iytic factor i a high-
density lpoprotein (HOL) (the good
cholestero that circlates in the blood
of some primates. I is composed of
Tpids and three proteins, polipoprotein

protein (HPR), and the pore forming
apolipoprotein L1 (APOLT).

@ o
Lym—
®voni

Upids and

eholestrots

Mechanism of Action of
Trypanosome Lytic Factor
L binds n the flagelar pocket o a
feceptor (mediated by HPR) and is
endocsedby hegaasie s
acthatedin heaid endosome n

i
feers e e membrone g
monovalent fonic poe.

The sctvationcan e boked by the wesk
ium chioride (NHACD, which
Reralnes e andpsosom ysem e
pore allows the equilibration of fons down
their concentration gradients,leading to

parasite swells and bursts.

Mzima Cow Project

A transgenics approach to the basic mechanisms
underlying trypanosome resistance

The Mzima Project Experimental Objectives
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Broader Impacts

© Trypanosome resistant cattle wil survive
in the tsetse belt - 10 millon square miles
 The woren who til the land by hand (0%
of sub-Saharan Affica) can use cattle for
Haulage, traction and so fertiity
sttt bovine ~crop production could increase 10-fold
feint Have mik and meat products
& ~less vulnerable to critcal harvest time
imposed by plants
Have a store of wealth for future
investments
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Expressing APOLT in Mice
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Generating APOL1 and HPR Knock-In Bovine Cells

e nsetion o Targetiog Consrict

We have two targeted
transgenic Boran fibroblast
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Mzima Cow Project

A Transgenics Approach to Introducing Resistance to Trypanosomiasis
Translating Genetic Research to Adoption and Social Value

The Challenge

rypanosomiasis (sleeping sickness) is a
e e e e e

fres R
e Tetee

The “Tsetse belt” of sub-Saharan Africa has.
effectively been dosed to mixed agricultural
devclopment becausecatile donot thive, ond
therefore have not jable for traction,
{entisaton ond 160d

 There is no innate resistance in cattle, One
variety (Ndama) s trypano-tolerant, but this s a
complex trait that conventiona techniques cannot
successfully breed into other varieties

* Orags re vl but r toxk and epensive
and, like anti-tsetse programmes, have to
Mainained. not rovidng  ong-term sotion

Ground-breaking Science

There is now the potentia to produce cattle with
100% resistance to trypanosomiasis (sleeping
sickness)

Some pamate hosts (ncludng humans) are
pano

fove been dntd by ot ayne Raper, iy
University of New York (CUNY)

 Introgression of a synthetic ‘construct’ of
these genes has been demonstrated to confer
resistance in mice

 profs Raper and Kemp saw the potential of
s spproach o uestoce eary on and since
partnership betwes the
e o e (e
ind the Centre for Tropical Livestock Ger
& Mool (CTLGH) has boan evaiing Inarder
o take this further

 ILRI has now developed the skills and

infrastructure to undertake this work in
Ac,snd as succesflly produced Tumaii
ope), the first coned bullin Africa, as a first

The Challenge of Adoption

Regulators, poicy 1
 The scientifc research elements of this programme & Theor of change

are increasingly well developed and understood

 The programme team are aware of
R e e e L
general use

 Animal biotechnology is a novel area particulary for
Altica regulators

© Starting the change programme early s laying
for the eventual smooth uptal
these animals by the wider, target society and
stakeholders

@ There has been a significant broadening i focus.
5 the teom arows {0 ncludebroodr programme
magerment; Socal science end adoptonof
PR

Contactpersons ayne Raper - 2p uhuntercunyed:

bhuntercunyedu

Hunter North, 695 Park Avenve, New York,New York 10065

This projec s funded by Bl and Melinda Gates Foundation,
the NationalScience Foundation and the CGIAR Livestock CRF

Developing a Theory of Change

© Afist step in establishing a programme aiming 1o have a positive
impact on aimal nd human wellbeing s the onstucton of o
Theory of Change: defining the goals, actors and paths to success

* Out st worhop was ek inJanary 2017 with stakeholders
representing the following domains: agriculural ec
antroplog,vteiar scence, ey e

o e et e e
programmes.
* Thepartcants vesigated the sses ofthe burden of

trypanosomiasis, stakeholder and power mapping, impact analysis
of i Ctte and the challenges 20d he piotiie for acion

Defining the Testing Routemap

‘ “Systems change a the Speed of rus”: stablishing
tiust s key 10 fegulatory progress and the eventual
adoption and understanding of these Mzima catle

 setting up a comprehensive and transparent testing
schema, of foutemap, s the firt step in bulding the
Knowledge to provide confidence in the viabity and
safety of these cattle:

* Aworshop e held i Febrary 201 0 g3
mulipl perspectves on the domans of yponssome
Tesstone, onima welore,buman welote nd

envionmental welfare

I addition, we addressed issues of containment and
alignment with (emerging) Nationol Biosofety Guidelnes

At this workshop were Kenyan and international
experts on issues relating to biosafety and animal
welfare

 The report from this workshop is available from the
meeting organisers and at [stidd.com/mzimal

Next steps
© Consolidating the testing foutemap: defiing the plan

 producing the st ansgenicsoran calves (ate
2018/Early 2019)

 Securing funding for and implementing:

Futher Theory of Change and regulatory workshops

kehol wizima Cow Strategy Field rals
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Impact modeling

Expanding to more breeds in more centres
Development 3 apd fl-esting it or the
transgene and its produ

Workshops and planning for introduction of cattle to
markets
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