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1.  Compare and contrast genetics/genomics research in domestic species 
and human populations.  

•  Understanding biology; genetic architecture 

•  Genomic prediction; estimating genetic merit [or BV] of individuals 

2. ‘Big issues’ people are currently addressing in livestock 

Aims of presentation 
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Genetic research in humans and livestock 
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Genetic research in Livestock Genetic research in Humans 

 
Motivation is to increase production 
through changed genotype. Accurate 
prediction of genetic merit is the main 
aim. 
 
Commercial interests, large 
multinational companies readily apply 
techniques. 
 
Some interest in phenotype prediction. 
Lower importance as less impact. 
 
Quantitative genetics widely applied 
since 80’s (AI); some molecular work 
on mendelian traits 

 
Motivation is to improved outcomes in 
human health. 
 
Prediction of phenotype main goal. 
 
No predictions available for 
quantitative traits (?). 
 
Historically more emphasis on 
mendelian traits, family studies 
 



Level of polymorphism, cattle vs. humans 
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Daetwyler et al. (2016) 

 

Average number of heterozygous sites: 

Cattle   1.44/kb 

Yoruba   1.03/kb 

European  0.68/kb 

 

…One likely explanation for the high rate of heterozygous sites per individual 
observed in our analysis is a large past effective population size. This 
would have allowed the accumulation of large amounts of variation, which has 
been retained between breeds or even between and within individuals of the 
same breed…. 
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Brahman (Bos indicus) 
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              “Out of Africa” 

           HUMAN POPULATIONS 

           HOLSTEIN CATTLE 

Present day Ne ~ 10,000 

Present day Ne ~ 100 



Level of LD – cattle vs. human 
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Goddard & Hayes (2009) Nature Reviews Genetics. 



Understanding complex traits 
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All traits are complex traits, but sometimes large effect mutations also segregate 

Domestic species often have large pedigreed populations (with inbreeding) & 
numerous phenotypes / animal 

 

What observations can we make about complex traits in domestic species? 

›  Alleles can reach high frequencies due to inbreeding (small Ne), this maybe 
deliberate (artificial selection) or by change (genetic drift) 

›  Large-effect mutations usually the targets of selection 

›  Admixture & introgression common 

›  Large-effect mutations often have pleiotropic effects. Sometimes unexpected. 



Even ‘simple’ traits are influence by many loci 

Hayes BJ, et al. (2010) PLOS Genetics 6(9): e1001139. 



Figure 1. Proportion of black phenotype. 

Hayes BJ, Pryce J, Chamberlain AJ, Bowman PJ, Goddard ME (2010) Genetic Architecture of Complex Traits and Accuracy of 
Genomic Prediction: Coat Colour, Milk-Fat Percentage, and Type in Holstein Cattle as Contrasting Model Traits. PLOS Genetics 
6(9): e1001139. doi:10.1371/journal.pgen.1001139 
http://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1001139 

Bull with 95% black (A) and bull with 5% black (B).  



Large-effect mutations in domestic spp. 
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		 dog	 ca'le	 cat	 pig	 sheep	 horse	
Mendelian	trait/disorder	 285	 231	 94	 66	 100	 51	
Mendelian	trait/disorder;	
key	muta<on	known	 211	 132	 62	 31	 47	 37	

http://omia.angis.org.au/home/ 

Examples include: 

•  ‘Breed defining’ characteristics 

•  e.g. wattle type in poultry; horn/poll locus in cattle, sheep and goats; 
double muscling in cattle and sheep; coat colour and coat 
characteristics (e.g. hair type); tail length 

•  Lethal or severely debilitating diseases 

•  e.g. embryonic lethal 
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RED JUNGLE FOWL 

GREYJUNGLE FOWL 

Bateson (1902) – pea comb, 
rose comb, shank colour, 
polydactyly, white plumage 
 
Bateson & Punnett (1905) – 
‘epistastic’ walnut comb  
F1: Pea x Rose = Walnut 
F2: Walnut x Walnut =  
9 Walnut : 3 Pea : 3 Rose : 1 
single 
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Pea-comb 

Dorshorst et al (2015) – 
 
“These findings complete our characterization 
of the genetic basis of the three major comb 
loci in the chicken,  
 
…all of which are caused by 
large-scale structural 
genomic variants… 
 
that drive ectopic expression of transcription 
factors in the comb region during chicken 
embryo development" 

Wild-type (rr pp) 

Imsland F, et al (2012) PLoS Genet 8(6): e1002775. 

Rose-comb (R- pp)  

Pea-comb (rr P-) Walnut comb (R- P-) 

Dorshorst B et al. (2015) PLoS Genet 11(3): e1004947.  



Horn and poll phenotypes in Simmental cattle. 

Wiedemar N, et al. (2014). PLoS ONE 9(3): e93435. doi:10.1371/journal.pone.0093435 

Bateson & Saunders (1902) –
dominant POLLED in cattle 
 
Georges et al. (1993) – 
mapped POLLED to BTA1 
 
Medugorac et al. (2012) – 
Allelic heterogeneity at 
POLLED. “Celtic” and “Frisian” 
alleles. Both complex indels 
located in a region with no 
known function. 
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Carlson et al. (2016) – 
 
To our knowledge this is the first empirical 
validation of a putative causative allele in 
livestock, and this report provides 
evidence that PC, a sequence variant 
duplication of  
 
…. unknown function in a 
genomic region with no known 
or predicted coding or 
noncoding genes…. 
 
is causative for polled. 



Genetic screening for deleterious alleles 
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‘Forward genetics’ = phenotype -> genotype 
‘Reverse genetics’ = genotype -> phenotype 
 
Forward genetics limited to high freq alleles & 
those that cause obvious phenotypes (i.e. still 
birth) 
 
Strategy: 
1.  Screen exome of ~ 600 animals for LOF & 

missense mutations 
2.  Genotype ~ 40,000 individuals for ~ 3,800 

candidates and screen for depletion of 
homozygotes 

3.  Confirm by sequencing carrier x carrier trios 

Found 15 % of LoF and 6 % of missense 
suggestive of EL. Confirmed 9 EL mutations via 
sequencing of 200 carrier x carrier matings 
 
9 identified variants account for loss of ~ 0.6% 
of conceptuses 



Genetic screening for deleterious alleles 

(1)  Human’s carry more recessive lethal mutations than cattle 
(2)  Recessive lethals at higher frequency in cattle 
(3)  ‘genetic load’ is about the same 



Genetic screening for deleterious alleles 
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Donner et al. (2016) 
 
….DNA panel screening test for nearly 100 
disorders on a cohort of almost 7000 dogs, we 
found a….  
 

high overall frequency of 
mutation carriers (17.8%)  
 
….while discovering a… 
 

sixth (15/93) of the tested 
disease-causing variants 
in additional breeds.  
 
…They often–but not always–cause the same 
condition in the additional breeds. 



Origin of de novo mutations 
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“As much as 30% and 50% of de novo mutations may occur 
during the early cleavage cell divisions in males and females, 
respectively, causing frequent mosaicism and a high sibling  
recurrence risk of DNM-dependent diseases” 
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Variation between breeds 

breed-defining loci (generally) under selection 

•  Mutations in dogs 
•  IGF1 mutation in small dogs 
•  FGF4 mutation causing 

disproportionate short stature  
•  ~ 6 loci explain most σ2

P 

Disproportionate short stature 



short-legged dogs are homozygous 
(the same) for a 24 kb haplotype 

 

Short-legged dogs have been 
selected for the same mutation 

 

Gene is FGF4 retrogene  

(FGF = fibroblast growth factor) 

 

 

Parker et al. (2009) Science 325(5943): 995-998 



Variation between breeds 

breed-defining loci (generally) under selection 

http://cowsmo.com 

•  PLAG1-CHCHD7 mutation in 
Jersey x Holstein dairy cattle 

•  effect ± 0.4 SD 

Karim et al. (2011) Nature Genetics. 43(5):.405-413. 



Example: B. taurus PLAG1 
mutation in B. indicius 

e.g. heterozygosity is reduced for chromosomes with and without a putative causative mutation, suggestive of 
selection for this locus in Brahman cattle 
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Example: scan of heterozygosity 
on BTA14 

e.g. heterozygosity is reduced for chromosomes with and without a putative causative mutation, suggestive of 
selection for this locus in Brahman cattle 
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Genetic architecture of stature in cattle 

 

Pryce et al. validated human genes from GWAS in cattle  
mutation segregating in the same genes across species 

Within-breed variation 

Courtesy of DairyNZ 



How old are QTL? 
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(1) About half the QTL segregate across breeds  

(2) QTL segregating within Holstein are a mix of ‘young’ and ‘old’ QTL while 
across-breed QTL are always ‘old’ 

(3) Few QTL segregate across B. taurus & B. indicus 

Based on haplotype length, we estimated the QTL to be: 

•  Younger than the B. taurus & B. indicus split (45,000 – 125,000 generations)  

•  Older than when breeds were developed (~ 400 generations) 

 
Bos taurus 

Auroch 
(extinct) 

Bos indicus Brahman 

Angus 

Holstein 

Jersey 

ANCESTORS MODERN CATTLE 
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Kemper et al. (2015) Animal Genetics / Bolormaa et al. (2013) Genetic Selection Evolution 



Moderate-large effect mutations often have pleiotropic 
effects 
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locus trait Notes 
PLAG1 stature Discovered in F1 Holstein x Jersey 

population (B. taurus). Introgressed 
into Brahmans (B. indicus). Affects 
fertility in Brahman. 

MSTN double muscling Six different LOF mutations in 
numerous breeds. Pleiotropic effects 
on meat quality, carcass dressing % & 
calving ease. 
 
 
 

DGAT1 milk composition & yield Mutant allele decreases milk fat, 
increases protein yield & milk volume. 
Intermediate frequency in numerous 
breeds 

Kemper and Goddard (2012) Human Molecular Genetics. 



Understanding complex traits 
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All traits are complex traits, but sometimes large effect mutations also segregate 

Domestic species often have large pedigreed populations (with inbreeding) & 
numerous phenotypes / animal 

 

What observations can we make about complex traits in domestic species? 

›  Alleles can reach high frequencies due to inbreeding (small Ne), this maybe 
deliberate (artificial selection) or by change (genetic drift) 

›  Large-effect mutations usually the targets of selection 

›  Admixture & introgression common 

›  Large-effect mutations often have pleiotropic effects. Sometimes unexpected. 



Predicting complex traits 
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Strategy: Use a ‘reference’ population of phenotyped and genoytped animals to 
predict a ‘validation’ population (who were no included in the predictions). 

 

Methods: 

•  GWAS – NEVER used; too much LD, winners curse 

•  GBLUP 

•  Non-linear (e.g. BayesR), best when large-effect QTL segregate 

 

Two strategies to evaluate: 

•  Cross-validation (subsample population, excluding sire groups, beef/sheep) 

•  Next generation (birth-year cut off, typically in dairy) 



Predicting Complex traits 
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Reference Set Method Milk volume (L) Fat % 
Holstein GBLUP 0.58 0.71 
Holstein BayesR 0.62 0.81 

Holstein & Jersey GBLUP 0.59 0.72 
Holstein & Jersey BayesR 0.63 0.81 

Jersey GBLUP 0.10 0.15 
Jersey BayesR 0.21 0.48 

Predicting milk traits in Holstein: 

**differences in LD between SNP & QTL 

**some QTL only segregate within one breed 



Prediction, WTCCC 
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GBLUP (i.e. GCTA) 

Single SNP GWAS 



Genomic Prediction 

95% Confidence interval APR at different reliabilities 
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Predicting complex traits, PEV 

Parent average Progeny test 
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95% confidence interval with different reliabilities (accuracy2) 



Reliabilities for an individual less important 

Use ‘teams’ of genomically tested bulls 
genomically tested bulls have lower reliability than proven bulls 

but using a team of bulls reduces risk 

i.e. EBV of some bulls in the team might go down but others 
will go up 

0.50 
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0.80 
0.90 
1.00 
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team size 

DNA proven 

Dtr proven 

Dtr proven = daughter proven, 
Australian daughters 
 
‘DNA’ proven = genomically 
tested (only), no daughters 



Industry Potential increase 
Dairy Cattle  60-120% (Pryce et al. 2011) 
Meat sheep  21%   (van der Werf 2011) 
Wool sheep  38%   (van der Werf 2011) 
Beef cattle 29-158% (Van Eenennaam 2011) 
Layers 40% (Dekkers et al 2009) 
Broilers 20% (Dekkers et al. 2009) 

Predicting Complex traits, why all the excitement? 

Advantageous when: 

*sex-limited traits, i.e. milk yield from bulls or egg production from roosters! 

*traits that are hard to measure, e.g. feed efficiency 

*traits expressed later in life, e.g. fertility or adult wool production 



Genomic prediction in US dairy cattle 
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Wiggans et al. (2016) Annual Review of Animal Biosciences 



GI for four paths of selection (SB, SC, DB, and DC) by birth year of offspring for Holsteins. 

Adriana García-Ruiz et al. PNAS 2016;113:E3995-E4004 

Genomic prediction in US dairy cattle 



Genomic prediction in US dairy cattle 
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Realised improvements in the rate of genetic gain 

Reduction in generation interval has been primary driver 



1.  Understanding complex traits: 

•  genome structure and function, regulatory regions 

•  ‘phenomics’ 

•  human genetics leads the way in understanding biology 

2.  Predicting complex traits: 

•  Prediction of BV, incorporation of pedigree and genomic 
information, i.e. ‘single-step’ methodologies 

•  Prediction of future phenotypes 

•  Across breed predictions 

•  More important for livestock to achieve good results in 
prediction 

In the pipeline… 
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Thank you 


