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Activities of the Animal 
Production and Health 

Laboratory
Animal Genetics

Genetic variation on the control of 
resistance to infectious diseases in small 
ruminants for improving animal 
productivity

SNP (Single Nucleotide Polymorphism) marker 
discovery in goats
Parasitic infections in goats cause severe economic losses 
to the tune of several million dollars every year across the 
world. Management of gastro-intestinal parasites has 
become complicated with increased prevalence of drug 
resistant parasites. In 2010, IAEA initiated a coordinated 
research project on DNA marker based genetic 
improvement of host resistance against parasites as a long 
term strategy for their effective control. Animal Production 
and Health Laboratory is involved in the process of 
discovering novel candidate gene markers and development

of genotyping tools for testing of goats under field trial in 
different member states. As part of these efforts, targeted 
re-sequencing of 77 candidate genes (Figure 1- NCBI 
GenBank candidate gene symbols) involved in various 
innate and adaptive immune pathways was conducted to 
identify new single nucleotide polymorphism (SNP) 
markers. A total of 187 SNP markers were discovered 
across the goat genome and the process of developing 
genotyping assays for these new DNA markers is currently 
in progress.

Field testing of DNA markers for parasite resistance 
in Burkina Faso sheep
Djallonke sheep is an important transboundary breed in 
Africa and is known for its better tolerance/resistance 
against certain diseases. In order to evaluate Djallonke 
sheep for its resistance against gastro-intestinal parasitic 
infections, a field trial under natural parasite challenge was 
initiated in Burkina Faso. Phenotypes related to parasite 
resistance (faecal egg count, packed cell volume, body 
weight change, etc.) were generated in more than 200 
animals and DNA samples were collected for genotyping. 
Sampled individuals were genotyped at 181 DNA marker 
loci and the data were extracted for association of 
phenotypes with genotypes.
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Fig 1. Distribution of newly discovered goat SNPs across various candidate genes
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Genetic characterization of indigenous 
livestock breeds

The Joint FAO/IAEA Division is supporting Member 
States in implementing global plan of action on animal 
genetic resources (AnGR) through capacity building and 
training. APHL supported Madagascar and Angola on 
molecular genetic characterization of indigenous breeds 
using nuclear and extra-nuclear DNA markers.

Genetic diversity analysis of Madagascar cattle
Cattle in Madagascar are reared primarily for meat, milk 
and draught purposes. Madagascar government introduced 
the policy of crossbreeding local Malagasy zebu cattle to 
improve productivity and develop dairy type and meat type 
composites. However, absence of pedigree and 
performance records under field conditions resulted in 
varying exotic blood levels and poor adaptability to local 
management conditions. Optimal level of exotic blood in 
Malagasy crossbreds and composites has not been 
optimized and hence farmers still prefer to rear Malagasy 
zebu cattle. DNA marker based genetic analysis has 
potential applications for breed assignment and stabilize 
exotic inheritance in Madagascar cattle under field 
conditions. This requires generation of baseline genotype 
data on Malagasy zebu cattle and new composite breeds. 
Except for certain physical features and phenotypic 
characteristics, no information on genetic diversity and 
structure of local zebu cattle and composites is available. A 
total of 172 samples collected from three major cattle 
breeds of Madagascar (Malagasy Zebu, Renitelo and 
Manjani Boina) were analyzed by genotyping 
27 microsatellite marker loci and sequencing control region

(D-loop) of mitochondrial genome. Microsatellite based 
analysis revealed high level of within breed genetic 
diversity in Madagascar cattle breeds. The mean estimated 
level of inbreeding (FIS-heterozygosity deficit) was lowest 
in Renitelo and highest in Malagasy Zebu cattle breeds. 
High genetic differentiation was observed among Malagasy 
zebu and composite crossbred cattle (9.1%). Phylogeny and 
principal component analysis based on inter-individual 
allele sharing distance revealed strong population structure 
existing within three Madagascar cattle breeds (Fig 2). 
Microsatellite genotypes revealed strong potential for breed 
assignment in Madagascar cattle. With prior population 
information on allele frequency distribution in three breeds, 
100% correct assignment was achieved in Malagasy Zebu 
and Renitelo breeds, while 93.75% correct assignment was 
observed in Manjani Boina. Mitochondrial DNA analysis 
revealed 30 unique haplotypes and one maternal haplotype 
lineage in Madagascar cattle. Comparative analysis with 
maternal haplotypes of Myanmar and Zambian cattle 
revealed close phylogeographic relationship of Madagascar 
and Zambian haplotypes.

A total of 172 samples collected from three major cattle 
breeds of Madagascar (Malagasy Zebu, Renitelo and 
Manjani Boina) were analysed by genotyping 27 
microsatellite marker loci and sequencing control region 
(D-loop) of mitochondrial genome. Microsatellite based 
analysis revealed high level of within breed genetic 
diversity in Madagascar cattle breeds. The mean estimated 
level of inbreeding (FIS-heterozygosity deficit) was lowest 
in Renitelo and highest in Malagasy Zebu cattle breeds. 
High genetic differentiation was observed among Malagasy 
zebu and composite crossbred cattle (9.1%).
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Fig 2. Phylogeny and genetic structure o f Madagascar cattle breeds
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Phylogeny and principal component analysis based on 
inter-individual allele sharing distance revealed strong 
population structure existing within three Madagascar 
cattle breeds (Fig 2). Microsatellite genotypes revealed 
strong potential for breed assignment in Madagascar cattle. 
With prior population information on allele frequency 
distribution in three breeds, 100% correct assignment was 
achieved in Malagasy Zebu and Renitelo breeds, while 
93.75% correct assignment was observed in Manjani 
Boina. Mitochondrial DNA analysis revealed 30 unique 
haplotypes and one maternal haplotype lineage in 
Madagascar cattle. Comparative analysis with maternal 
haplotypes of Myanmar and Zambian cattle revealed close 
phylogeographic relationship of Madagascar and Zambian 
haplotypes.

Sequencing and genotyping wild sheep
In order to assess the genetic structure of indigenous sheep 
breeds across different geographical regions, the FAO and 
the Joint FAO/IAEA Division initiated efforts on global 
analysis of microsatellite genotypes and mitochondrial 
DNA sequences by merging data from different projects 
including IAEA-CRP, ECONOGENE consortium, Nordic 
Gene Project and national projects from different countries. 
As part of this effort, 44 wild sheep (Urial sheep and 
Asiatic mouflon) were genotyped at 19 microsatellite 
marker loci to assess the genetic structure. Mitochondrial 
DNA was also sequenced in all the samples to investigate 
the phylogeography of global sheep populations. Further, 
analysis of genotype and sequence data is in progress.

Animal Health

Testing irradiation technology for potential 
use in trypanosome vaccine development

African trypanosomosis is a parasitic disease in man and 
animals caused by protozoan parasites of the genus 
Trypanosoma which are mainly transmitted by the tsetse fly. 
This disease presents a major obstacle to development 
particularly in sub-Saharan Africa and is responsible for the 
loss of human life, depletion of livestock and 
underutilization of arable lands. Vaccine development 
presents an attractive alternative for controlling the disease 
in cattle although this has been frustrated by the very nature 
of the parasite which regularly changes its surface coat in a 
bid to evade the immune system thus making it difficult to 
identify vaccine targets. Irradiated trypanosomes have been 
studied as potential vaccines using mouse experiments with 
varying results that require further investigation.

At the APHL in the Joint FAO/IAEA Agriculture and 
Biotechnology Laboratory, experiments are underway that 
further define the characteristics of irradiated trypanosomes 
by measuring their metabolic processes and growth 
dynamics. By combining different tests (parasite counts,

nucleic acid amplification test and protein analysis) to 
analyse the effect of irradiation on trypanosomes, a dose has 
been identified for producing parasites with long-term 
viability in vitro but non-infectious when used for 
inoculation in mice for in vivo studies. Preliminary results 
indicate that these parasites are also able to activate the 
immune system using cytokine expression as a marker of 
immune activity.

So as to help improve the efficiency of an irradiated 
vaccine, modified parasites that do not express pathogenic 
factors that influence virulence and pathology are under 
development using reagents from the University of 
KwaZulu Natal. DNA plasmids obtained from a 
collaborating laboratory (department of Biochemistry, 
University of KwaZulu Natal, Pietermaritzburg) were 
modified to target the deletion of virulence genes in wild 
type trypanosomes that will subsequently be irradiated and 
tested in mice using parameters obtained from the current 
immunization infection studies.

Strengthening animal disease diagnostic 
capacities in veterinary laboratories in sub- 
Saharan Africa

Since its launch in 2010, the IAEA Peaceful Uses Initiative 
(PUI) has become an important vehicle to raise 
extrabudgetary contributions for IAEA activities in the 
peaceful uses of nuclear technology. As an important 
funding initiative, PUI allows IAEA to implement for the 
benefit of its Member States additional projects in the 
peaceful applications of nuclear technology many of which 
would have otherwise remained unfunded. The Animal 
Production and Health Subprogramme of the Joint 
FAO/IAEA Division has been provided with funds from 
Japan, and the USA as part of the PUI project. In addition, 
in 2012, a donation to the IAEA from the South African 
Government's African Renaissance and International 
Cooperation Fund (ARF) was provided to APHL in order to 
support swift animal disease diagnosis and reduce the risk of 
livestock loss in sub-Saharan African countries by 
building/strengthening capacities in different regions and 
promoting close collaboration between laboratories through 
networks.

A technical meeting with directors of veterinary laboratories 
participating in the PUI and ARF projects was held at the 
IAEA's Headquarters in Vienna, Austria, from 4 to 6 
February 2014. The purpose of the meeting was to discuss 
the results of past activities, draw on lessons learnt from 
past experiences, and develop future plans.

Please find the meeting report under Past Events.

Together with guidance from the project coordinators each 
partner developed a work plan for 2014 and presented a list 
of specific requirements. Based on these work plans, a 
number of expert missions to participating laboratories 
have been planned. In each case experts will work side by
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side with laboratory technicians and diagnosticians on 
specific arguments (e.g. molecular diagnosis of PPR, ASF 
and Capripox). Following that plan, two countries were 
visited in April:

1) Burkina Faso. A staff of the Animal Production and 
Health Laboratory (APHL) travelled from 7 to 11 April 
2014 Ouagadougou, Burkina Faso, to support the 
implementation of gene-based identification of pathogens.

The mission was undertaken in the Framework of the 
project to strengthen animal disease diagnostic capacities in 
selected sub- Saharan African countries, supported by the 
South African Renaissance Fund (ARF), and USA- and 
Japan supported- PUI project. The Laboratoire National 
d'Elevage (LNE), Ouagadougou, Burkina Faso has recently 
received equipment donated by this project to improve its 
diagnostic platform. On the request from the Laboratoire 
National d'Elevage (LNE), the APHL staff traveled to 
transfer real time PCR technology as an additional tool for 
a more accurate diagnosis of transboundary animal 
diseases.

During one week, the laboratory was assisted to set up their 
instruments and workflow, and the laboratory staff was 
trained on protocols selection procedures as well as 
different techniques used for the detection of animal 
diseases by real time PCR. Eleven scientists and technician 
from three local institutions of Burkina Faso (Laboratoire 
National d'Elevage du Burkina, lnstitut de l'Environnement 
et de Recherches Agricoles and the University of 
Koudougou, benefited from the training. The participants 
were able to set up and interpret the results of real time 
PCR assay for the detection of African swine fever, for 
Capripoxvirus genotyping as well as multiparametric assay 
to detect four pathogens responsible for respiratory 
diseases in small ruminants: peste des petits ruminants 
virus, capripoxvirus, pastereulla and contagious caprine 
pleuripneumonia (CCPP).

It is expected that this technology will help the laboratory 
to better fulfill its mandate within the national strategies for 
the control of transboundary animal diseases.

2) Cameroon. A technical officer from APHL carried out a 
field support mission to Laboratoire National Veterinaire 
(LANAVET), Garoua, Cameroon, from 07th to 12th April 
2014 to set up in that laboratory the work flow for animal 
disease diagnosis by nucleic acid amplification and DNA 
sequencing: sample preparation, nucleic amplification, 
amplified product purification and submission to 
sequencing service provider, DNA sequence data analysis. 
Total sixteen participants from LANAVET (Cameroon) 
and IRED (Chad) took part at the training.

The participants were guided to work with different animal 
pathogens- Peste des petits ruminants (PPRV), African 
swine fever virus (ASFV) and foot and mouth disease virus 
(FMDV) samples- from extraction to amplification and 
further appropriate samples selection for further 
sequencing. The generating of high quality amplicons for 
sequencing is very critical to achieve high quality 
sequencing data. These parameters were detailed and 
participants performed PCR product purification and 
quantification. Followed by sample preparation, 
submission to service provider, upload of sample details 
and download of sequence data was learnt by the 
participants. Bioinformatics tools for the sequence data 
analysis (Assembly, database, BLAST, aligning) using 
freely available online software were tried with the sample 
data. Finally, participants were able to draw the best fit 
phylogenetic tree and interpret the sample data.

This mission allowed the laboratories to perform the 
sequencing based molecular assays and analyse their data, 
which further allowed in determining the genotypes, 
generating the epidemiological information, which is 
crucial in proper management of the transboundary animal 
diseases.

Proficiency Testing for Peste des Petits 
Ruminants (PPR) Diagnosis by Nucleic 
Acid Amplification (RT-PCR)
Since 2010, the Animal Production and Health Laboratory 
(APHL) has been conducting annual proficiency testing 
(PT) in some laboratories in Africa and Asia for the 
evaluation of diagnosis of PPR by reverse transcription 
polymerase chain amplification (RT-PCR). Participants 
from 17 countries participated in this exercise in 2013 (see 
table 1). A number of well characterized samples (6 
positives and 4 negatives) were sent as blind samples but 
labelled with random numbers to each laboratory and the 
participants were asked to determine the diagnostic status 
of these samples using the RT-PCR method of their choice. 
They could repeat the testing as many times as they wished 
but should, at the end, supply a single definitive result for 
each sample. The returned data were collected, analysed
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and the results including a short report were sent back to 
each participating laboratory. Each laboratory 
(participant/counterpart) has received the full coded results 
were they could see only their own results. Three 
participating laboratories did not send back data. From the 
14 responsive laboratories, only three counterparts had 
100% correct results. Some participants didn't receive the 
shipment in time because of delays with customs clearance. 
The conditions of storing the shipment before customs 
clearance, such as high room temperatures, might have 
affected the quality of the samples and thereby the results. 
Apart from those cases, analysis of the results suggested 
that the majority of participating laboratories which failed 
this PT need training on the implementation of RT-PCR 
and/or more stringent implementation and monitoring of 
quality control and GLP. The next PPR proficiency test 
will be organized in the second semester of 2014 with the 
improvement of shipment conditions.

Country Institute
Cote
d'Ivoire

Laboratoire Central Veterinaire de 
Bingerville

Turkey Viral Diagnostic Laboratory, Pendik 
Veterinary Control and Research Institute

China Institute of Animal Science and Veterinary 
Medicine, Chinese Academy of 
Agricultural Sciences, Beijing, China, 
100081

Mali Laboratoire central veterinaire de Bamako

Pakistan National Institute for Biotechnology & 
Genetic Engineering (NIBGE)

Bangladesh Department of Pathology, Bangladesh 
Agricultural University

Burkina
Faso

Laboratoire National D' Elevage

Sudan Animal Resources Research Corporation 
(ARRC), Central Veterinary Research 
Laboratory Center

Nigeria Federal Ministry of Agriculture and Water 
Resources, National Veterinary Research 
Institute

Cameroon Laboratoire national veterinaire 
(LANAVET), Diagnostique et sante 
animale

Kenya Central Veterinary Laboratories Kabete

URT Center for Infectious Diseases and 
Biotechnology, Tanzania Veterinary 
Laboratory Agency

Ghana Accra Veterinary Laboratory

Benin Laboratoire de Diagnostic Veterinaire et de 
Serosurveillance

Ethiopia National Animal Health Diagnostic and 
Investigation Center (NAHDIC)

Uganda National Animal Disease Diagnostics and 
Epidemiology Center

DRC Central Veterinary Laboratory

Fellows
Mr Moumouni Sanou from Departement Productions 
Animales, Institut de l'Environnement et de Recherches 
Agricoles (INERA), Ouagadougou, Burkina Faso, was 
trained on "Single nucleotide polymorphism (SNP) marker 
genotyping of candidate genes related to parasite resistance 
in Djallonke sheep at APHL for three months (15 
November 2013 to 13 February 2014) under TC fellowship 
(BKF/13005).

Mr Norbertin Ralambomanana from Departement de 
Recherches Zootechniques et Veterinaires, Centre national 
de la recherche appliquee au development rural, 
Antanarivo, Madagascar was trained on Genetic 
characterization of Madagascar Zebu cattle using nuclear 
and extra nuclear DNA markers at APHL for three months 
(3 February 2014 to 30 April 2014) under TC fellowship 
(MAG/13018).

Mr Kiala Sebastino from Instituto de Investigacao 
Veterinaria (IIV), Huambo, Angola was trained on genetic 
diversity analysis of indigenous livestock breeds using 
DNA markers at APHL for three months (3 February 2014 
to 1 May 2014) under TC fellowship (ANG/13002).
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