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Activities of the Animal 
Production and Health 

Laboratory  

Animal Genetics 

Genetic variation on the control of 

resistance to internal parasites in small 

ruminants for improving animal 

productivity 

Development of a real time PCR based assay to 
differentiate sympatric Haemonchus species infecting 
ruminants. 

Haemonchus parasites are trichostrongyloid nematodes and 
one of the major parasites affecting ruminants (sheep, goat, 
cattle and camel) around the world. The adult worms suck 
blood from the abomasum of ruminant hosts and cause 
anaemia, oedema, diarrhoea and even death. Apart from the 
loss due to mortality and slow growth, the growing level of 
anthelmintic resistance in these parasites is a serious 
challenge. The level of anthelmintic resistance in different 
species/populations of Haemonchus varies greatly. Three 
different sympatric species of Haemonchus are infecting 
ruminants in Asia viz. H. contortus, H. placei and H. 
longistipes. H. contortus is predominantly a parasite of 
sheep and goat, H. placei infect cattle while H. longistipes 
is more commonly found in camels. However, all the 
sympatric species can be found in the abomasum of any 
host species either as a single infection or as multiple co-
infections. The correct identification of different 
species/variants, as well as knowledge regarding the 
epidemiology and genetic characterization of the principal 
circulating species/variants, is essential for the 
establishment of sustainable control strategies. APHL 
initiated the development of a real time PCR (polymerase 
chain reaction) based assay to differentiate the three major 
Haemonchus species infecting ruminants in Asia.

 
Figure 1. Melting curve analysis of PCR amplicons showing specific 

melting peaks for each of the three sympatric Haemonchus species. 

Species specific single nucleotide polymorphic (SNP) 
variations within internal transcribed spacer 2 (ITS2) gene 
of Haemonchus parasites were utilized to develop the 
assay. Primers for PCR amplification of ITS2 gene and a 
snap back probe to detect species specific SNPs were 
designed. Asymmetric PCR followed by melting curve 
analysis of samples showed three distinct melting 
temperatures specific to each of the three Haemonchus 
species (Figure 1). The assessment of sensitivity and 
specificity of this assay is currently under progress. 

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 Myanmar on molecular genetic 
characterization of indigenous goat breeds using nuclear 
and extra-nuclear DNA markers.  

Genetic diversity, population structure and phylogeography 
of Myanmar goats. 

Myanmar has primarily an agriculture driven economy 
with a contribution of 42% to the national gross domestic 
product, of which livestock plays an important role 
providing employment and livelihood to the rural masses. 
Goats in Myanmar are mostly reared for meat purpose and 
are able to adapt well to the prevailing harsh dry 
conditions. Three major native goat breeds, Jade Ni, 
Nyaung Oo and Waithar Li are available in Myanmar, 
however, baseline information on the phenotypic and 
genetic characteristics on these goat breeds are not 
available. Such information is required to formulate and 
implement effective strategies for their genetic 
improvement and conservation.  

 
Figure 2. Genetic structure of Myanmar goat breeds based on nuclear 

(left) and extra nuclear (right) DNA markers. 

A total of 147 goats from all three indigenous breeds were 
genotyped at 27 microsatellite loci. Genetic diversity in 
terms of allelic polymorphisms, observed and expected 
heterozygosities were found to be moderately high. 
Considerable heterozygosity deficit ranging from 5.5% to 
8.2% was observed in Myanmar goat breeds. Most of the 
genetic variations were found within breeds and only 1.9% 
of the total observed variation was explained by between 
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breed differences. Genetic structure analyses showed 
complete admixture of Nyaung Oo and Waithar Li goats 
indicating high rate of gene flow among these populations 
(Figure 2). Population stratification was observed in Jade 
Ni with a subset of individuals clustering distinctly. 
Variations in mitochondrial DNA (mtDNA) control region 
revealed 22 distinct haplotypes belonging to two major 
haplogroups, A and B. Haplogroup A was found to 
predominate Myanmar goats similar to other goat 
populations in Asia. Comparative analysis of mtDNA 
variations indicated possible Chinese origin of the maternal 
haplotypic lineages of Myanmar goats.  

Genetic relationship of domestic sheep 

breeds with primitive Asian wild Urial 

sheep 

The geographical region extending from Eurasia to North 
West of Indian subcontinent is home to the wild 
progenitors of present day domestic sheep. Asian Urial 
sheep (Ovis orientalis punjabiensis) were initially proposed 
as the first sheep domesticate while later reports suggested 
them to be more primitive than Asiatic mouflons in the 
evolutionary scale. In continuation of Joint FAO/IAEA 
Division’s efforts on characterization of small ruminant 
genetic resources of Asia and as part of the research project 
implemented by University of Veterinary and Animal 
Sciences, Pakistan (funded by world wide fund for nature), 
baseline information on genetic diversity of Urial sheep 
was generated and compared with domestic sheep breeds 
around the world. High levels of genetic diversity in terms 
of allelic diversity, observed and expected heterozygosity 
and inter-individual allele sharing distance was observed 
within the wild Urial sheep. Distribution of diversity was 
consistent with the history of sheep domestication and the 
sheep breeds originating close to Fertile Crescent (center of 
domestication) tend to possess higher diversity. 
Comparison of Urial sheep with domestic sheep breeds 
located near the domestication centers revealed relatively 
closer relationship of Urial with West Asian and East 
European sheep than South Asian sheep. No evidence was 
observed to support the hypothesis of Urial sheep as a 
potential wild ancestor to the Asian domestic sheep 
lineage. 

Animal Health 

Using irradiation technology to develop a 

potential trypanosome vaccine 

Trypanosomosis, a parasite disease in mammals, remains a 
big hindrance to the development of livestock resources in 
Africa with approximately 8.7 million km2 of Africa 
infested by tsetse flies, the major insect vector of the 
parasite on the continent. The disease puts 4.6 million 
cattle at risk annually with annual losses estimated to be 

between 1.3 and 5 billion US$. A vaccine would provide 
the most effective means of managing the disease in 
livestock. Recent advances using irradiation in developing 
vaccines against other parasite diseases e.g. malaria, 
brucellosis and toxoplasma have contributed to further 
research in trypanosomosis. At the Joint FAO/IAEA 
Agriculture and Biotechnology Laboratory in Seibersdorf, 
experiments have been carried out to characterize the 
effects of using low level irradiation doses on 
trypanosomes. Several assays that measure the metabolic 
processes and growth dynamics of irradiated parasites have 
shown that it is possible to produce trypanosomes with 
long-term in vitro viability that are non-infectious when 
used for inoculation in mice for in vivo studies. Mice that 
have been inoculated with these living but non-infectious 
parasites display a response when using cytokine levels as 
a marker of immunity. Immunization using parasites 
irradiated with lower levels of irradiation leads to a wider 
variation of cytokine response.  

In order to further investigate the characteristics of 
irradiated parasites, whole transcript arrays that measure 
the expression profiles of parasites subjected to different 
amounts of irradiation are being designed. These arrays 
cover the genomes of three different trypanosome 
genomes; T. brucei, T, evansi and T. congolense and will 
be used to analyse irradiated parasites. Information 
gathered from these experiments will then be used to 
identify novel genes involved in parasite virulence and 
disease pathology. These genes will be further 
characterized using reverse genetics in combination with 
infection studies. Initial experiments using pathogenic 
factors previously described in literature have resulted in 
the production of mutant parasites that will also be used for 
irradiation in a bid to improve the efficiency of an 
irradiated vaccine. The identification and characterization 
of novel genes associated with pathology will provide the 
basis for new vaccines that present a large repertoire of 
antigens to the host immune system using one inoculation 
so as to induce protection in the mammalian host. 

Peste des petits ruminants (PPR) 

Full genome sequence of a lineage III PPRV from Kenya. 

In May 2014 tissue samples that had been collected from 
goats suspected of having died from peste des petits 
ruminants (PPR) disease in Turkana county northwestern 
Kenya in 2011 were sent to APHL for further 
characterization. The samples were processed and tested by 
the nucleic acid amplification test (RT-PCR for Reverse-
transcription Polymerase Chain reaction,) for the presence 
of PPR viral RNA. The positive samples were sequenced 
and identified as belonging to PPRV Lineage III. The full 
genome using the viral RNA from one of the samples was 
generated and analysis revealed that the virus causing 
disease in Kenya in 2011 was 95.7% identical to the full 
genome of a virus isolated in Uganda in 2012 and that a 
segment of the viral fusion gene was 100% identical to that 
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of a virus circulating in Tanzania in 2013. These data 
strongly indicate transboundary movement of Lineage III 
viruses between Eastern Africa countries and has 
significant implications for surveillance and control of this 
important disease as it moves southwards in Africa. 

Capacity Building in Member States 

Laboratories 

Technical visit to the Central Veterinary 

Laboratory, Kinshasa, Democratic 

Republic of Congo  

As part of the Peaceful Uses Initiative (PUI), African 
Renaissance Fund (ARF) and Identify projects the CVL in 
Kinshasa was visited by an expert from APHL from the 13 
to 17 October 2014. The primary aims of the visit were to 
deliver and install a real-time PCR instrument in the 
laboratory that had been purchased using ARF funds and to 
assist in the activation of the sequencing service provided 
to partners under the Identify project. The real-time PCR 
instrument was successfully installed and tested. CVL staff 
members were assisted in the setting up of two real-time 
protocols for peste des petit ruminants (PPR) and African 
swine fever (ASF) using the new instrument. In addition, 
PCR amplicons were generated from positive samples of 
PPRV, ASF and rabies virus and prepared for shipment to a 
sequence provider in Europe. 

Fellows/interns/consultants 

Ms Pann Pwint Phyu from Livestock Breeding and 
Veterinary Department, Yangon, Myanmar was trained on 

Genetic characterization, population structure and 
phylogeography of indigenous goat breeds from Myanmar 
at APHL for three months (25June to 21 September 2014) 
under TC fellowship (MYA/13013). 

Mr James Jenkins stayed at the APHL from 14 July to 23 
September 2014 as intern. During his stay, he has 
contributed to development of bioinformatics tools for 
qPCR data analysis, and sequence analysis. Additionally, 
he has initiated work on the development of multiple 
pathogen detection in swine. 

Ms Kadidia Tounkara joined APHL in July 2014 for a 
nine month internship. She is being trained on the 
characterization of peste des petits ruminants virus through 
virus gene amplification and sequencing. A new virus gene 
is being explored for studying the molecular epidemiology.  

Mr Abel Wade from LANAVET, Garoua, Cameroon 
worked as consultant at APHL from 01 February 2014 to 
30 September 2014 on biology and molecular biology of 
African swine fever (ASF). During this period, Mr Wade 
contributed to the characterization of ASF virus strains 
identified in pathological samples collected in Western and 
Central Africa and the molecular epidemiology study of 
this virus. 

Prof Yu Daojin from the Fujian Agriculture and Forestry 
University (FAFU), China, who joined the IAEA Animal 
Production and Health Laboratory (APHL) in July 2013 as 
a cost free expert returned home in August 2014. During 
his stay in APHL, he focused his research activities on 
peste des petits ruminants. His contribution in the 
improvement of PPR vaccine production was highly 
appreciated. 

  


