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From Sequence to Consequence 
 
Tools for the Exploitation of Livestock Genomes 
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Reference genome sequence as a key resource and 
framework for biological research 

• Genetics 
– Variation (SNPs, indels, CNVs) 

• SNP chips, Genotype-by-Sequence 
– Genome-Wide Association Studies (GWAS) 
– Genetic improvement 

• Functional genomics 
– incl. physiology, immunology,….. 
– Genome-wide analysis of responses to perturbation 

• Gene expression, methylation, ……. 
• Microarrays, Assay-by-sequence 
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2012  
Pig genome 
sequenced 

2012 
Chicken 600K 
SNP chip 

2013 
Sheep genome 
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2013 onwards 
Animal  
ENCODE 

2013 
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Genotype-by-
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Genome variation 

• From a reference to multiple genomes per species 
• Enables 

– Discovery of SNP and structural variation (& SNP chips) 
– Analysis of natural and artificial selection 
– Identification of causal variation 

• Visualising genetic variation (Ensembl – Variation) 
• Predicting consequences (e.g. Variant Effect 

Predictor, SIFT,…) 



Multiple genomes 

 Human 1000 Genomes Project 
- ~4-6x coverage / individual 
- revealing genetic burden 
- ~1-200 potential Loss of Function mutations per 

person 

 Human genetics studies 
- 10’s of thousands per study 
- ICQG 2012 

• 30K sequenced genomes in a study 



Multiple animal genomes 
 Pooled samples 

- 10-15x coverage 
- Chickens, cattle, pigs 
- SNP discovery 
- Signatures of selection 
- Signatures of domestication 

 Individual genomes 
- 4-10x coverage 
- €3,000 per genome 



Multiple animal genomes 
 1000 Bull Genomes Project 

- Collaborative, Cloud data repository 
- Nnn bulls, average coverage ~11x 
- Data analysis cycles for genomic prediction 

 Pigs 
- Groenen (Wageningen) ~300 individual pigs 
- Korean ~60 individual pigs 
- China ?? Pigs 

 Sheep 
- ISGC 75 individual sheep 

 Chickens 
- 10’s of individuals (e.g. 10 individual J line brown egg layers) 



Visualising genome variation 



GDF8 - SNPs 



DGAT1 - variation 



DGAT1 – missense variants 

cf. K232E Grisart et al 2003 PNAS 101: 2398 

flawed link 



Genetic variation 

• Several important ‘mutations’ missing 
– RYR1 (HAL), MSTN/GDF8 (double muscling), DGAT1 (milk 

yield) 

• Indels missing 
• Predictions - limitations 



Gene expression 

• From sequence to consequence 
 

• From microarrays to RNAseq 
• Expression atlases 

• Pig: microarray (published), RNAseq (in progress) 
• Sheep: RNAseq (in progress) 
• Chicken: RNAseq (partial)  

 





Expression array, atlas 

 Tool for monitoring gene expression 
 Inferring function of unknowns 

- Inform genome annotation 

 Comparative functional genomics 
- Is pig kidney more/less like human kidney than 

mouse kidney? 

 Microarray-based atlas 
 RNAseq atlas in progress 

 



Affymetrix Porcine Snowball 
Array content 

 123 Affy controls 
 35 virus genomes (tiled 17 bp spacing) 
 1,857 miRNA probes 
 37 MT-mRNA 
 45,927 mRNA 

- 37,842 with annotation 
• 6,767 LOC annotations 
• 16,626 unique genes with official symbol/description 



Expression profiles 

http://biogps.org 



Chicken IL8 – RNAseq profiles 



Chicken IL8 – RNAseq profiles 



Sheep gene atlas 
 Texel (ram, ewe, ewe lamb, 16d embryo) 
 50+ tissues per animal, whole embryo 

- Samples acquired, RNA prepared 

 Illumina paired ends (2 x 150 bp) 
- > 1 Tb RNAseq data 

 Ensembl RNAseq gene models (in progress) 
 Funded 3SR, RoslinFoundation 
 Poster 419 



Cerebrum Abomasum Skeletal muscle, biceps Testes, epididymis 

Brain stem Rumen Skeletal muscle, 
longissimus dorsi 

Corpus luteum, ovary, 
ovarian follicles 

Tonsil Duodenum Skin (side/back) Uterus, cervix, placenta 

Cerebellum Omentum Spleen Mammary gland 

Hypothallamus Caecum Mesenteric lymph node 

Pituitary gland Colon Precapuslar lymph 
node 
 

Adrenal gland Rectum Peyer’s patch Whole embryo 
 

Thyroid gland Alveolar macrophages 

Bone marrow 



Enabling the reading of farmed animal genomes 

• Annotation of functional sequences 
– Protein coding 
– Non-coding RNA sequences 
– Regulatory sequences 

• cf. human ENCODE project 
– Encyclopedia of DNA elements in the human genome 



ENCODE 







Headlines 
 It is possible to correlate quantitatively RNA 

sequence production and processing with both 
chromatin marks and transcription factor binding at 
promoters 

 indicating that promoter functionality can explain 
most of the variation in RNA expression 



Headlines 
 Single nucleotide polymorphisms (SNPs) 

associated with disease by GWAS are enriched 
within non-coding functional elements, with a 
majority residing in or near ENCODE-defined 
regions that are outside of protein-coding genes. 

 In many cases, the disease phenotypes can be 
associated with a specific cell type or transcription 
factor. 

 
 See also Hindorff et al 2009 PNAS 106: 9362 

• 88% of trait associated SNPs are intronic / intergenic 



ENCODE for farmed animals - Why? 

• Understanding the genetic control of 
complex traits 

• From sequence to consequence 



ENCODE for farmed animals 

• Genetic variation underlying trait variation 
– Coding sequence 

• RYR1, DGAT1, 

– Regulatory sequence 
• IGF2, callipyge 
• likely to be more important / common 

• Current annotation limted 
• cDNA, EST-based gene models (now RNAseq models too) 
• SNP variation 

 



How 
 By-product of biology-led research 

- development, differentiation, responses to perturbation 

 Focus on target tissues 
- musco-skeletal 
- immune tissues 

 Limited assays 
- DNaseI, FAIREseq 
- histone marks (promoters, enhancers) 
- methylation 
- RNAseq (stranded), CAGE 

 

ENCODE for farmed / companion animals 













 Species 
- single consortium / one per species / species groups 

 Cells 
- transformed cells / primary cells / iPS cells 
- sharing 

 Data management, publication 
- across groups 
- wider community 

• Data hubs model 

- Toronto Statement 

 Coordination  

ENCODE for farmed / companion animals 

alan.archibald@roslin.ed.ac.uk 



PloS Biology 2011 9: e1001046  





Next steps 
 White paper 
 Develop data management strategy 
 Review / promote ENCODE experimental 

protocols 
 Develop / review cell line resources 
 Develop communications strategy 
 COST Action application (Sept 2013) 
 US-EU ABWG workshop at PAG 2014 



Where next? 

• Improving reference genomes* 
• Functional annotation (cf. ENCODE)* 
• Sequencing 1000’s to millions of individuals 

– Genotyping-by-sequencing and imputation 

• Genomic selection 
 

* US-EU Biotechnology Task Force Animal Biotechnology Working Group (ABWG)  priorities – awaiting funding 
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http://genomics.ed.ac.uk 



• Merger of ARK-Genomics & Gene Pool 
• Sequencing 

– Sanger: ABI3730 
– Illumina: 6x HiSeq2500, 3 MiSeq 

• Bioinformatics 
– bioinformaticians 
– Edinburgh Parallel Computing Centre 

• secure multi terrabyte data store 
• secure compute Grid 

• Genotyping, gene expression (ARK-Genomics) 
 



Technologies 
DNA Sequencing 

Illumina Sequencing 
• Up to 250 bp paired 
• Novel genomes 
• Resequencing 
• RNA-Seq 
• ChIP-Seq 
• Epigenetics 

 
Illumina HiSeq 2500 
Illumina MiSeq 
Sanger 3730 
 

Genotyping 
Illumina - from HD to 
custom chips 
• iScan, Inifinium 
• BeadXpress, Goldengate 
• BeadChip 

 
 
Affymetrix 
• GeneTitan, Axiom 
• Process 96 arrays / run 

Microarrays 
Gene Expression 
• Affymetrix 
• Agilent 
• Illumina 
• Whole genome 
• Exon-level 
• microRNA 

 
CGH, ChIP-Chip, MeIP 
• Nimblegen 
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