
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	



•  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.		
•  Costs	US$	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.	

African	trypanosomiasis	



Bovins

Bovins et Glossines
GlossinesCattle	
Tsetse	
Cattle	and	
tsetse	

Trypanosomiasis	in	livestock	costs	billions	of	dollars	
and	excludes	livestock	from	much	of	Africa	

	



Livestock	are	also	reservoirs	of	human	disease	

T	brucei	rhodesiense	
T	brucei	gambiense	

T.	congolense,		

T.	vivax	



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

Ttypanosoma brucei: SERUM-MEDIATED LYSIS 83 

FIG. 1. Phase-contrast photomicrographs of Trypanosoma brucei incubated at 37 C in human 
serum for 0 (a), 30 (b), and 60 (c), and in rabbit serum for 120 min (d). The percentage lysis in the 
preparations was (a) 3, (b) 10, (c) 93, and (d) 4%. Note that not all cells respond uniformly. There 
are always some cells (arrow) which are relatively more resistant to the cytotoxic effect of NHS. In 
general, these cells correspond to the stumpy forms. x 750. 

scribed the rapid immobilization of T. 
brucei that occurs when ATP production is 
limited by metabolic inhibitors (Clarkson 
and Brohn 1976; Opperdoes et al. 1976). 
Since neither motility nor protein syn- 
thesis, as judged by incorporation of 
[3H]leucine into trichloroacetic (TCA)-pre- 
cipitable material (Table I, O-36 min), is af- 
fected in these cells, we can conclude that 
ATP production during this phase must be 
near normal. 

Lysis of trypanosomes is defined by loss 
of motility as well as by loss of refractile 
properties of the cell body (Fig. lc). Dead 
trypanosomes appear as round cell ghosts, 
empty except for some cell organelles, such 
as nuclei (see below), and with the fla- 
gellum still attached and extending out from 
the remains of the cell. The full length of 
the flagellum (often 20 pm) can sometimes 

be seen. Lysis generally does not start until 
after 30-60 min of incubation. A decrease 
in protein synthetic capacity occurs as this 
lytic phase starts (Table I, 36-63 min). 

TABLE I 
Leucine Incorporation in the Presence of Normal 

Human or Rabbit Serum 

[‘HlLeucine 
(cpnlw cells) 

Incubation medium 0- 18 min 18-36 min 36-63 min 

25% Human serum 50,821 11,784 6,237 
25% Rabbit serum 50,657 13,568 15,469 

Note. Ttypanosomn brucei (8.7 x IO6 cells/ml final concen- 
tration) were incubated at 37 C in MEM containing 43 
p.Ci[“H]leucine/ml (60 Wmmole, NEN) and 25% (v/v) serum. 
At 18, 36, and 63 min, ahquots were removed in duplicate 
and sootted directlv onto Whatman 3MM filter oaoer disks. 
The filters were processed for scintillation co&& as de- 
scribed previously (Rifkin 1978~). Cell lysis was not observed 
until after 30 min incubation in human serum. 

Mouse/Cow/Goat		
Serum	(no	APOLI)	

Primate	serum		
(with	APOLI)	

Rifkin,	M.	R.,	Experimental	parasitology	(1984)	



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	

0 5 1 0 1 5 2 0

0

2 5

5 0

7 5

1 0 0

D a y s  P o s t  I n f e c t i o n

P
e

rc
e

n
t 

s
u

rv
iv

a
l

W i l d  T y p e  M i c e

M i c e  w i t h  H u m a n  A P O L I



T. b. brucei 
T. vivax 
T. congolense 

But	humans	are	susceptible	to	infection	by		
T.	b.	rhodesiense	

T. b. rhodesiense 

T. b. brucei 
T. vivax 
T. congolense 

T. b. gambiense 

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



Establish bovine cloning system 

Bovine embryonic fibroblast 
cell culture system 

Transfection of bovine 
targeting 

construct and blastocyst 
implantations 

Phenotyping and field studies 

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	



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	



Currently,	 the	Mzima	 cow	methodology	 is	 based	 on	
CRSPR-Cas9	with	Somatic	Cell	Nuclear	Transfer	SCNT	
using	material	derived	from	embryo	skin	cell	lines.	
	
•  Produce	bulls	transgenic	for	your	target	gene	

The	Mzima	Cow	Project		
A	transgenic	approach	to	trypanosome	resistance		

	 An	 interesting	 alternative	 approach	 is	 use	 of	 spermatogonial	
stem	cell	lines(SSC’s)	
•  Produce	 modified	 males	 capable	 of	 hosting	 sperm	

carrying	‘any’	target	gene	
•  Requires	 a	 host	 male	 with	 his	 own	 sperm	 production	

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	

awareness	environment	
•  Ground-breaking	Science	
•  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	



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	regulation,	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		
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	

•  Containment	and	alignment	with	(emerging)	National	
Biosafety	Guidelines		

•  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	
 
•  Development	and	implementation	of	communications	and	

monitoring	&	evaluation	strategies	

•  Impact	modelling	

•  Expanding	to	more	breeds	in	more	centres	

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

•  Workshops	and	planning	for	introduction	of	cattle	to	markets	

•  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)	

	



Ground-breaking Science

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

l Some primate hosts (including humans) are 
resistant to trypanosomes. Genes encoding a 
protein (ApoL1) which confers total resistance 
have been identified by Prof Jayne Raper, City 
University of New York (CUNY)

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

l Profs Raper and Kemp saw the potential of 
this approach for livestock early on and since 
then the partnership between CUNY, the 
International Livestock Research Institute (ILRI) 
and the Centre for Tropical Livestock Genetics 
& Health (CTLGH) has been evolving in order 
to take this further

l ILRI has now developed the skills and 
infrastructure to undertake this work in 
Africa, and has successfully produced Tumaini 
(‘Hope’), the first cloned bull in Africa, as a first 
step

Regulators, policy makers and stakeholders at the Mzima Cow Strategy 
& Theory of Change workshop 26-27th February at ILRI Nairobi, Kenya

The Challenge of Adoption

l The scientific research elements of this programme 
are increasingly well developed and understood

l The programme team are aware of the 
complexities of introducing new technologies into 
general use

l Animal biotechnology is a novel area particularly for 
Africa regulators

l Starting the change programme early is laying 
the way for the eventual smooth uptake of 
these animals by the wider, target society and 
stakeholders

l There has been a significant broadening in focus 
as the team grows to include broader programme 
management, social science and adoption of 
innovation expertise

Developing a Theory of Change

l A first step in establishing a programme aiming to have a positive 
impact on animal and human wellbeing is the construction of a 
Theory of Change: defining the goals, actors and paths to success

l 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 regulation, genetics, parasitology, science communication, 
land owners, agricultural marketing, small holders, community driven 
programmes

l 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

Defining the Testing Routemap

l “Systems Change at the Speed of Trust”: Establishing 
trust is key to regulatory progress and the eventual 
adoption and understanding of these Mzima cattle

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

l A workshop was held in February 2018 to gain 
multiple perspectives on the domains of trypanosome 
resistance, animal welfare, human welfare and 
environmental welfare

l In addition, we addressed issues of containment and 
alignment with (emerging) National Biosafety Guidelines

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

l The report from this workshop is available from the 
meeting organisers and at [sti4d.com/mzima]

Next steps

l Consolidating the testing routemap: defining the plan

l Producing the first transgenic Boran calves (Late 
2018/Early 2019)

l Securing funding for and implementing:

 l Further Theory of Change and regulatory workshops

 l Field trials

 l Development and implementation of 
communications and monitoring & evaluation 
strategies

 l Impact modelling

 l Expanding to more breeds in more centres

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

 l Workshops and planning for introduction of cattle to 
markets

 l 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)
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The Challenge

Bovine Trypanosomiasis (sleeping sickness) is a 
significant health and economic issue, especially in 
sub-Saharan Africa. In Africa, the disease vector is 
the Tsetse fly:

l The “Tsetse belt” of sub-Saharan Africa has 
effectively been closed to mixed agricultural 
development, because cattle do not thrive, and 
therefore have not been available for traction, 
fertilisation and food

l There is no innate resistance in cattle. One 
variety (N’dama) is trypano-tolerant, but this is a 
complex trait that conventional techniques cannot 
successfully breed into other varieties

l Drugs are available, but are toxic and expensive 
and, like anti-tsetse programmes, have to be 
maintained, not providing a long-term solution

Mzima Cow Project
A Transgenics Approach to Introducing Resistance to Trypanosomiasis

Translating Genetic Research to Adoption and Social Value

Contact person: Jayne Raper • raper@genectr.hunter.cuny.edu

http://raper.bioweb.hunter.cuny.edu

Room 927 Hunter North, 695 Park Avenue, New York, New York 10065

This project is funded by Bill and Melinda Gates Foundation, 

the National Science Foundation and the CGIAR Livestock CRP
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The Challenge
We are developing transgenic cattle 
resistant to an important disease, 
trypanosomiasis, that could have a major 
impact across Africa. Our long-term aim 
is to generate genetically modified cattle, 
which carry a gene that imparts resistance 
to African trypanosomes. The gene, 
APOL1, encodes for the pore forming 
protein component apolipoprotein L-I of 
trypanosome lytic factors (TLFs).

Broader Impacts
l Trypanosome resistant cattle will survive 

in the tsetse belt – 10 million square miles

l The women who till the land by hand (90% 
of sub-Saharan Africa) can use cattle for:

 l Haulage, traction and soil fertility 
– crop production could increase 10-fold

 l Have milk and meat products 
– less vulnerable to critical harvest time 
imposed by plants

 l Have a store of wealth for future 
investments 

Mzima Cow Project 
A transgenics approach to the basic mechanisms 

underlying trypanosome resistance

Design a synthetic 
TLF that could 
kill all African 

Trypanosomes

Establish bovine cloning system

Establish bovine 
embryonic 
fibroblast cell 
culture system

Transfections 
and blastocyst 
implantations

Validate the protective 
capacity of the genes in 

genetically modified mice

Assemble ideal 
bovine targeting 

construct

Apolipoprotein L-I targeted transgenic murine 
matings: F1 heterozygote mice are Trypanolytic

Generating APOL1 and HPR Knock-In Bovine Cells

Contact person: Jayne Raper • raper@genectr.hunter.cuny.edu

http://raper.bioweb.hunter.cuny.edu

Room 927 Hunter North, 695 Park Avenue, New York, New York 10065

This project is funded by Bill and Melinda Gates Foundation, 

the National Science Foundation and the CGIAR Livestock CRP

Phenotyping and field studies

The Mzima Project Experimental Objectives

 APOL1

 HPR

 Hemoglobin

 APOA-I 

 Lipids and 
Cholesterols

Trypanosome Lytic Factor
Trypanosome lytic factor is a high-
density lipoprotein (HDL) (the good 
cholesterol) that circulates in the blood 
of some primates. It is composed of 
lipids and three proteins, apolipoprotein 
A-I (APOA-I), haptoglobin related 
protein (HPR), and the pore forming 
apolipoprotein L-I (APOL1).

Established Bovine Fibroblasts Select Ideal CRISPR Guide RNA

Expressing APOL1 in Mice APOL1 Protects Against 
Trypanosome Infection

1. Native APOL1
2. Transgenic mouse #1 high-density lipoprotein
3. Transgenic mouse #2 high-density lipoprotein
4. Transgenic mouse #3 high-density lipoprotein

APOL1 is Secreted and Loaded 
onto Mouse HDL Complexes

APOL1 55 kDa 

1 2 3 4

1. Native APOL1
2. 1 ul of Heterozygous serum
3. 2 ul of Heterozygous serum
4. 1 ul of Homozygous serum
5. 2 ul of Homozygous serum

APOL1 55 kDa 

1 2 3 4 5

Expression Level is Copy-
Number Dependent

Human and Cattle-Infective T. b. rhodesiense

Hydrodynamic Gene Delivery

So much plasmid solution injected so quickly, 
cells swell and break open, allowing plasmid 

to enter; when cells repair themselves, 
plasmid is inside cell. 

Mouse cell Mouse cells express 
gene on plasmid and 

secrete protein 

Wild Type (9) 
Tg-APOL1 HET (6) 
Tg-APOL1 HOM (6)
Tg-APOL1 HET + HPR (4)

P < 0.001 for all
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l African Bos indicus breed

l High resistance to ticks and heat

l Can endure scarcity of water

l Can live on low quality feed

Mechanism of Action of 
Trypanosome Lytic Factor
TLF binds in the flagellar pocket to a 
receptor (mediated by HPR) and is 
endocytosed by the parasite. TLF is 
activated in the acidic endosome and 
APOL1 is released from the particle and 
inserts into the membrane forming a 
monovalent ionic pore. 

The activation can be blocked by the weak 
base ammonium chloride (NH4Cl), which 
neutralizes the endolysosomal system. The 
pore allows the equilibration of ions down 
their concentration gradients, leading to 
the dissipation of the membrane potential 
and the influx of water, such that the 
parasite swells and bursts.

Normal 
Trypanosomes

TLF-Treated
Trypanosomes

CRISPR/Cas9 Mediated Insertion of Targeting Construct

We have two targeted 
transgenic Boran fibroblast 
lines that have been taken 

to the blastocyst stage in 
vitro. These will be used 

to generate transgenic 
pregnancies in 2018. 



Asanteni	


