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A sequenced genome is a requirement 
for 21st Century biological research 



Pig genome sequencing project 
Swine Genome Sequencing Consortium 
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Adding value – companion papers 
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Archibald, A.L., Slatkin, M., Schook, L.B., Larson, G. and Groenen, 
M.A.M., Genome Biology in press 

Structural and functional annotation of the porcine immunome. 
Dawson, H.D., Loveland, J.E., Pascal, G., Gilbert, J.G., Uenishi, H., Mann, K.M., Sang, 
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Adding value – sequence improvement 



Sscrofa10.2 – assembly, genes 
Assembly Annotation* 

Placed Unplaced 

Total length 2,596,639,456 211,869,922 
Protein-coding 
genes: 21,627 

Ungapped 
length 2,323,671,356 195,490,322 

Pseudogenes: 380 

Scaffolds 5,343 4,562 ncRNA genes**: 2,965 

Contigs 73,524 168,358 Gene exons: 197,675 

Scaffold N50 637,332 98,022 Gene transcripts: 26,487 

Contig N50 80,720 2,423 



Sequence improvement 
Sequence 
coverage 

Sequence 
accuracy 

Number of 
sequence 

contigs 

Average 
contig 

length bp 

Genes with 
incorrect 
structures 

4x draft 
sequence 

97% 
(~80Mb 
missing) 

99.99% 
accurate  
(1 error 

in10kbp) 

160,000 (7k 
/ chr) 

17,000 30% 

Sscrofa10.2 
(placed) 

92%? ? 73,524 31,604 ? 

Improved 
draft 

sequence 

99% 
(~32Mb 
missing) 

99.99% 
accurate  
(1 error 

in10kbp) 

65,000  
(3k / chr) 

42,000 5% 

Gold standard 
finished 

sequence 

99.9% 
(~5Mb 

missing) 

99.999%  
(1 error in 
100kbp) 

<200 14,000,000 0%  



Hybrid Shotgun Sequencing Strategy 

Whole- genome 
shotgun reads 

Combine overlapping whole-genome and 
BAC-derived reads 

Assemble clone sequences to 
represent chromosomes and 
annotate using Ensembl 
automated pipeline 

 BAC shotgun 
reads 

Minimal set of 
overlapping BACs 
selected from 
physical map 

Sequence 

assembly  



The best clone-based physcial 
map of a mammal 

•172 placed contigs 
•average length 15 Mb 
•covering 2.58Gb 
•>98% of euchromatin 
 

Humphray et al., 2007. 
Genome Biology 



Improving the reference genome 

 Additional data 
SSCX, SSCY 
~300 CH242 BACs 

• Illumina reads (pools, individual clones) 
Sanger WGS paired end reads 
 Illumina WGS paired end reads 
Mate pair reads 

• CH242 BAC clones (~177 kbp) 
• Fosmid clones (~45 kbp) 
• Illumina (~6 kbp) 
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Improving a reference genome sequence 

• Genome Reference Consortium 
 

• Patches 
– Fix 
– Novel 

 
 
 

http://genomereference.org 



111 Fix PATCHES: Chromosome update in GRCh38 

71 Novel PATCHES: Additional sequence added 

(adds >5 Mb of novel sequence to the assembly) 

(adds >800K of novel sequence to the assembly) 

Releasing patches quarterly 

GRCh37.p10 
(160 regions: 2.89% of 
chromosomes) 



Finding the data 



Improving the reference genome 

 Improving the assembly 
 Sscrofa10.5 

Replace SSCX, SSCY assemblies 
Add ‘novel’ and ‘fix’ patches 

• e.g. MHC, LRC 

 Sscrofa11 
 iterative exploitation of existing data 
global and targeted approaches 
 community engagement 

 
 



Adding value – improved annotation 



Improving genome annotation 

 Gene models 
manual annotation 

 ncRNAs 
 Gene expression 
 Genome variation 

multiple genomes 
 Functional sequences 

 cf. ENCODE  
 
 

 



http://www.ensembl.org/Sus_scrofa/Info/Index 







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 



Genome variation 
 Multiple genomes 

 ~300 domestic and wild pigs genomes (Groenen et 
al.) 

 ~60 Korean pig genomes 
 mini-pig genome (China) 
 ? Chinese pig genomes 
 breed pooled DNA sequences (Rubin et al) 

 Ensembl variation  
 SNPs displayed in Ensembl 
 Variant Effect Predictor implemented in Ensembl 



EMBL-EBI 

Enabling reading of pig genome sequences 
 Annotation of functional sequences 

- Protein coding 
- Non-coding RNA sequences 
- Regulatory sequences 

 cf. human ENCODE project 
- Encyclopedia of DNA elements in the human 

genome  

 



EMBL-EBI 

ENCODE for farmed / companion animals 
 Genetic variation underlying trait variation 

- Coding sequence 
• RYR1, DGAT1, .. 
• human putative LoF mutations comment 

- Regulatory sequence 
• IGF2, callipyge, … 
• likely to be more important, common 

 Current annotation limited 
- cDNA / EST based gene models 
- SNP variation 

 







EMBL-EBI 

 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 
 Toronto Statement 

 Coordination  

ENCODE for farmed / companion 
animals 

alan.archibald@roslin.ed.ac.uk 
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