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African trypanosomiasis

• 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.



Livestock are also reservoirs of human disease

T brucei
rhodesiense T 
brucei gambiense

T. congolense, 

T. vivax
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Trypanosomiasis in livestock costs billions of dollars 
and excludes livestock from much of Africa
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Origins of N’Dama and Boran cattle

N’Dama
Boran



Contribution of 10 genes from Boran and N’Dama

cattle to reduction in degree of trypanosomosis
Boran (relatively susceptible)

The N’Dama and Boran each contribute trypanotolerance alleles at 5 of the 10 most 
significant QTL, indicating that a synthetic breed could have even higher tolerance 

than the N’Dama.

N’Dama (tolerant)
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Time for a new search for variation underlying tropical 
adaptation and productivity 

Identify and make use of the 
genetics underlying natural 
variation.

There has been no systematic 
search for the genomic basis of 
adaptation. Because until now 
we have had no validation 
tools and no delivery tools.

New Genome Editing tools 
change the landscape.
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Primate trypano lytic 
factor (TLF) has been 
shown to protect 
mice from 
trypanosomes in a 
transgenic system. 

We are attempting to 
make a cow with a 
synthetic TLF

The Mzima Cow Project 
A transgenic approach to trypanosome resistance 



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)
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Resistance to trypanosomiasis

The Mzima cow project



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



Are transfected mice protected from infection by African trypanosomes?

Targeting the Transgene to the ROSA26 Locus Using CRISPR/CAS
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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

Mzima cow Experimental plan



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

The Mzima Cow 
A transgenic approach to trypanosome resistance 

CRISPR/Cas9 mediated insertion of TLF 
protects mice

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



Donor ‘elite’ buck Germline ablated recipient buck

Doe
Donor progeny with ‘elite’ genetics

Schematic adapted from Oatley et al. 2017

• Indigenous germ line 
ablated bucks carry the 
sperm of ’elite’ bucks.

• Instead of having one 
elite buck we would 
have thousands.

• This provides a 
transformative step 
change to disseminate 
‘elite’ semen without 
changing the existing 
the infrastructure.

Jon Oatley Surrogate sires to enable genetic improvement in small 
holder settings



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 livestockKenyan 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
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Thanks!

Jon OatleyMike McGrew Christian Tiambo Jayne Raper


