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Abstract 

Gastrointestinal nematodes are perhaps the most important parasites of domestic sheep 

world-wide. Genetic selection for nematode resistance in domestic sheep is being promoted 

in many countries including New Zealand. There are several strategies to identify genetic 

markers associated with quantitative traits. Single nucleotide polymorphism (SNP)-based 

strategies have been widely used in animal breeding. However, SNP cannot explain all the 

genetic variation for a particular trait. A new kind of variation, copy number variation (CNV) 

has been identified as contributing to genetic variation in production and disease traits. 

Compared with other domestic animals, CNV in sheep is poorly investigated. The primary 

objective of this thesis was to explore the utility of genome-wide CNV as a genetic marker 

for the analysis of quantitative traits in sheep. Five different studies were undertaken to fulfill 

the objective. The first two studies used 50 K SNP BeadChip genotype data and next 

generation sequencing (NGS) data to detect CNV. Extensive CNV differences were evident 

between breeds as well as detection algorithms. NGS-based detection resulted in better CNV 

resolution than that by SNP. Subsequently, a genome-wide association study (with a small 

sample size) using CNV detected from a high density (HD) SNP genotype data identified four 

CNV regions to be significantly associated with a couple of traits pertaining to 

gastrointestinal nematodiasis in Romney sheep, while no significant SNP associations were 

found. Somatic mosaicism of CNV, influenced by age (high in foetuses, compared to adults), 

individuals, detection algorithm and type of tissue analysed, was also evident in separate 

study. The final study detected CNV differences and SNP based selection signatures in two 

Romney lines selected for gastrointestinal nematode resistance or resilience. Several 

significant SNPs and line-specific CNV regions were identified. However, only one SNP 

overlapped to a CNV region, indicating that SNP-based selection signatures and CNV could 

represent different aspects of sheep immunogenetics. Overall, CNV could be a potential 
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genetic marker, albeit with methods for detection and validation needing to be refined. The 

conclusions from this thesis expand our understanding of CNV in sheep and its potential 

application prospects for genetic breeding of sheep in the future. 
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aCGH array comparative genomic hybridization 
AFLP amplified fragment length polymorphism 
AMD age-related macular degeneration 
AS de novo assembly of a genome 
BAF B allele frequency 
BLUP best linear unbiased prediction 
BP biological process 
CC cellular component 
CFH complement factor H gene 
CIITA class II Major Histocompatibility Complex transactivator 
CN-LOH mosaic copy neutral loss of heterozygosity 
CNV copy number variation 
CNVR copy number variation region 
CPU central processing unit 
dH2O deionised distilled water 

DLRS derivative log ratio spread 
DNA deoxyribonucleic acid 
dNTP deoxy-ribonucleoside triphosphate 
dsDNA double-stranded DNA 
EHH extended Haplotype Homozygosity 
ELISA enzyme-Linked ImmunoSorbent Assay 
EMP2 empirical p-value, corrected for all tests 
EPG eggs per gram 
FDR false discovery rate 
FEC faecal egg count 
FLK an extension of Lewontin and Krakauer (LK) test, based 

on population's kinship (F) matrix 
Fst fixation index 
GO gene ontology 
GWAS genome-wide association study 
hapFLK haplotype structure accounted FLK 
HGP human Genome Project 
HIV human immunodeficiency virus 
HMMs hidden Markov models 
IBD identity by descent 
iHH integrated allele-specific EHH 
iHS integrated haplotype Score 
IQRs inter-quartile range 
ISGC International Sheep Genomics Consortium 
KEGG Kyoto Encyclopedia of Genes and Genomes 
LD linkage disequilibrium 
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LRR log R ratio 
LW live weights 
MF molecular function 
MHC II major histocompatibility complex II 
MZ monozygotic twins 
NAHR non-allelic homologous recombinations 
NeSi New Zealand eScience infrastructure 
NGS next generation sequencing 
PCA principal components analysis 
PCR polymerase chain reaction 
PEM paired-end mapping 
qPCR quantitative polymerase chain reaction 
Q-Q quantile-quantile 
QTL quantitative trait loci 
RAM random-access memory 
RAPD random Amplified Polymorphic DNA 
RD read depth 
REHH relative EHH 
RFLP restriction fragment length polymorphism 
RNA ribonucleic acid 
Rsb across Population EHH 
SLE systemic lupus erythematosus 
SM somatic mosaicism 
SNP single nucleotide polymorphism 
SR split read 
SRFA selective restriction fragment amplification 
SSRs simple sequence repeats 
SVS Golden Helix SNP & Variation Suite 
TMB tetramethyl benzidine 
VNTR variable number of tandem repeats 
WF Wave factor 
XP-EHH across Population EHH 
ZHp Z-transformed Heterozygosity Value 

 

 


