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Analyses of pig genomes provide insight
BRINGING into porcine demography and evolution

Hu ME TH E A list of authors and their affiliations appears at the end of the paper

BAGUN For 10,000 vears pigs and humans have shared a close and complex relationship. From domestication to modern
Genome sequence of a breeding practices, humans have shaped the genomes of domestic pigs. Here we present the assembly and analysis of
species of agricultural the genome sequence of a female domestic Duroc pig (Sus scrofa) and a comparison with the genomes of wild and

clndhirlruediml domestic pigs from Europe and Asia. Wild pigs emerged in South East Asia and subsequently spread across Enrasia. Our
importance e i results reveal a deep phylogenetic split between European and Asian wild boars ~1 million years ago, and a selective

sweep analysis indicates selection on genes involved in RNA processing and regulation. Genes associated with immunne
response and olfaction exhibit fast evolution. Pigs have the largest repertoire of functional olfactory receplor genes,
reflecting the importance of smell in this scavenging animal. The pig genome sequence provides an important resource
for further improvements of this important livestock species, and our identification of many putative disease-cansing
variants extends the potential of the pig as a hiomedical model.
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The Open Access Publisher

( BioMed Central

BMC series blog i

BMC series publishes companion papers to the pig genome
sequence

Tim Sands on Mowember 15, 2012 at 3:02 pm - 0 Commernts

The BMC series is delighted to host & series of companion articles to the publication of the swine
JEMOME.

The artides are published in a number of BMC serjes jouwrnals and the journal GigaSdence are

gathered on z cross-journal article serdes page, The papers cover a broad spectrum of subjects
related to the pig genome: more details of the content is given in our blog, "Companion articles to

Image credit: David Merrett on Flickr, CC
BY 2.0
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Companion articles for the publication of the swine genome
This eross-journal collection of articles consists of companion articles o the publication of the swine genome sequence by the

Collection published: 15 Novernber 2012
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Strong signatures of selection in the domestic
pig genome
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Assembly

Placed

Unplaced

Annotation*

Total length
Ungapped
length
Scaffolds
Contigs
Scaffold N50
Contig N50

2,596,639,456

2,323,671,356
5,343

73,524
637,332
80,720

211,869,922

195,490,322
4,562
168,358
98,022
2,423

Protein-coding
genes:

Pseudogenes:

NCcRNA genes**;

Gene exons:

Gene transcripts:

21,627

380

2,965
197,675
26,487




Sequence | Sequence | Number of Average Genes with
coverage | accuracy sequence contig incorrect
contigs length bp structures
4x draft 97% 99.99% 160,000 (7k 17,000 30%
sequence (~80Mb accurate / chr)
missing) (1 error
in10kbp)
Sscrofal0.2 92%7? ? 73,524 31,604 ?
(placed)
Improved 99% 99.99% 65,000 42,000 5%
draft (~32Mb accurate (3k / chr)
seqguence missing) (1 error
in10kbp)
Gold standard | 99.9% 99.999% <200 14,000,000 0%
finished (~5Mb (1 errorin
sequence missing) 100kbp)




Minimal set of

overlapping BACs
selected from — —_ — _
physical map | = - — —_ Whole- genome

— — shotgun reads

BAC shotgun - _ = —_— —_—

reads - —_ T - - - - —

\ Seqguence

assembly

Combine overlapping whole-genome and
BAC-derived reads

l l T—— l l Assemble clone sequences to
— —— represent chromosomes and
F— 1 . annotate using Ensembl
automated pipeline
[T " [T .S



«172 placed contigs
saverage length 15 Mb
scovering 2.58Gb
«>98% of euchromatin

Humphray et al., 2007.
Genome Biology
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A high utility integrated map of the pig genome
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Improving the reference genome

® Additional data ;
= SSCX, SSCY s= _ [Slsanger
= ~300 CH242 BACs
* llumina reads (pools, individual clones)
= Sanger WGS paired end reads
= |llumina WGS paired end reads

= Mate pair reads
« CH242 BAC clones (~177 kbp)
* Fosmid clones (~45 kbp)
* lllumina (~6 kbp)




PGP viewer PGP viewer

« Help & Documentation
« Bl

More ¥
% Search terms 4,

Browse a Genome (Vertebrates)

Click on a link below to go to the assembly’s home page.

PGP viewer - Clones and Illumina contigs/scaffolds
W browse Pig 10.2 $510.2 (late 2011)

http://pgpviewer.ensembl.org
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Improving a reference genome sequence

e Genome Reference Consortium

Genome Reference Consortium

The Genome Reference Consortium

Ther criginal moded for repmsenting the genome assemblies was to use a single, prefemed tiing path to produce a single consensus mprsentation of the genome. Subsequent anatysis has shown that for most Ganetios and Development

mammalian gancmes 4 singhs tikng path is insufficiont 1o rpebs0nt & genoma In regions with complox alloh dversity. Tho GRE is row working to create it that bettar nepresent this divarsity and m::;‘:.l:‘l""' 2024, 2012 - Madiaoon,
provide mors rmbust substrates for gunome analysis.
Higdan ansamibly prablama s )
snd
]
. . The buman reference gencme GRChIT

'We are planning to update the human reference assembly to GRCh38 in the summer of 2013. If you ants th
— | . repma

have guestions or concarns about this |8t us know.

See our blog for more information on why we think this is important.

Zebrafish (ZG-6264)
The missing C in
_— O Ve W are planning to update the zebrafish reference assembly to GRC210 in late 2013, If you have

CT4TES15.9 has been chocked, the emor
) - tifiedt and the
questions or concerns about this let us know. recifi accession upcated

Human [HG-1001) MNew 3, 2012
With the addition of CH1T:
The Genome Feference Consortium consists of: 16484 (gap spannar in tha regicn). the

0 st updated Reference assembly is now
Sanger spanning the ertire SAGAPIF locus (MG
The Wellcome Trust Sanger Institute

rtitute 12871 JHEIE05Z).

( GENOME see o
L nsriure .

7]
@ Genome Instibute ot Washington University

" The European Bioinformatios Institute

= NCBI

The National Center for Biotechnelogy Information

Page kst updated: Apr 1

http://genomereference.org
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GRCh37-plO Regions containing fix patches
(160 regions: 2.89% of

Chromosomes) . Regions containing novel patches

111 Fix PATCHES: Chromosome update in GRCh38

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

/1 Novel PATCHES: Additional sequence added

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

® SscrofalO.5
Replace SSCX, SSCY assemblies

Add ‘novel’ and ‘fix’ patches
e.g. MHC, LRC

® Sscrofall
iterative exploitation of existing data
global and targeted approaches
community engagement



Adding value — improved annotation



Improving genome annotation

® Gene models
= manual annotation

® NncRNASs
® Gene expression

® Genome variation
= multiple genomes

® Functional sequences
= cf. ENCODE
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What's New in Release 69

Headlines

= Scrollable reqgion view

Core
external database references update (Pig)
Karyotype_rank (Pig)

A karyotype_rank attribute has been added for species with chromosomes. This allows us to store an ordered list of the seq
regions (i.e. chromozomes) that should be drawn in an Engembl karyotype.

Previously this variable (ENSEMBL_CHROMOSOMES) was stored in the specieg’ .ini file, and Ensembl-based sites can
continue to use this configuration as an alkemative. However if you do switch to using the karyotype_rank attrib in your

databases, you will need to comment out the version in the ini file, as it will get added fo the chromosome amay rather than
merged into it.

Genebuild

Pig: Ensembl-Havana gene set (Pig)

Thig iz the first Ensembl-Havana merge for pig where Ensembl annotation is combined with the manual annotation from the
HAVAMA team.

Vega pig annotation added (Pig)
Manual annotation of pig from Havana has been added. These data were released in VYegad9.
Imported ncENAS (Pig)

We have imported a set of ncRMAs for pig. These were provided by the SGSC.
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A gene expression atlas of the domestic pig
e o o
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RESEARCH ARTICLE Open Access

A gene expression atlas of the domestic pig

Tom C Freeman ", Alasdair lvers®, J Kenneth Baillie', Dario Beraldi'”, Mark W Barnett!, David Dorward’,
Alison Downing', Lynsey Fairhairn , Ronan Kapetanowic!, Sobia Raz', Andru Tomoiu', Ramiro Alberia®,
Chunlei Wu®, Andrew | Su®, Kim M Summens', Christopher K Tuggle®, Alan L Archibald" and David A Hume'*

[ Abstract

Background: This work describes the first genome-wide analysis of the transcriptional landscape of the pig. A new
parcing Affymetrix expression amay was designed in order to provide comprehensive coverage of the known pig
trer.s;nptorm TI"r"" ety errey WaS L.Sr""j to generate a genome-wide ﬂ.xprs::ssmr. atlas of ply tlswes derived from

Results: The .:‘.l"x‘.lyili prs::sff:r.ta:td he e ['.II'C‘W'PjES. a detalled functional C.lL.:'.t-f!I'II"r:l of the plg transcriptome whene
transcripts ane grouped according to thelr expression pattern, 5o one can infer the function of an unchaacteriaed
gene from the company it keeps and the locations in which it 5 expressed. We describe the overall transcriptional
slgnatures present In the tlswe atlas, where possible assigning those signatures to specific cell populations or
pathways, In particular, we discuss the expression signatumes associated with the gastrointestinal tract, an organ
thiat was sampled at 15 sites along its length and whose biology in the pig is similar to human, We identify sets of
genes that define specialized cellular compartrments and reglon-specific digestive functions. Finally, we performed a
network anabeslis of the transcription factor expressed Inthe gastrointestinal tract and demonstrate how they sub
divide into functional groups that may control cellular gastrointestinal developrment

Concluslons: As an important [vestock animal with a physiology that 5 mare similar than mouse to man, we
provide a major new resource for understanding gene expression with respect to the kown physialogy

of mammalian tisswes and cells. The data and analyses are avallable on the websites httpo/ blogps.ong and

hittped fvavew rniacnop hages o mply-atlas,

Keywords: pig, porcine, 5w sorods, microamay, tansoiptome, ranscription network, pathway, gastrointestinal trac




Expression array, atlas ROS! N

= Tool for monitoring gene expression
= |nferring 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 Iy —OSLIN

= 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
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® 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
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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 ROS! N

ENCODE for farmed / companion animals

= Genetic variation underlying trait variation

- Coding sequence
* RYR1, DGAT], ..
* 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



ARTICLE

doi:10.1038/naturell247

An integrated encyclopedia of DNA
elements in the human genome

The ENCODE Project Consortium®*

The human genome encodes the blueprint of life, but the function of the vast majority of its nearly three billion bases is
unknown. The Encyclopedia of DNA Elements (ENCODE) project has systematically mapped regions of transcription,
transcription factor association, chromatin structure and histone modification. These data enabled us to assign
biochemical functions for 80% of the genome, in particular outside of the well-studied protein-coding regions. Many
discovered candidate regulatory elements are physically associated with one another and with expressed genes,
providing new insights into the mechanisms of gene regulation. The newly identified elements also show a statistical
correspondence to sequence variants linked to human disease, and can thereby guide interpretation of this variation.
Owerall, the project provides new insights into the organization and regulation of our genes and genome, and is an
expansive resource of functional annotations for biomedical research.

The human genome sequence provides the
underlying code for human biology. Despite
intensive study, especially in identifying
protein-coding genes, our understanding of the

genome is far from complete, particularly with

ENCODE

Encyclopedia of DNA Elements

95% of the genome lies within & kilobases (kb)
of a DNA-protein interaction (as assayed by
bound ChlP-seq motifs or DNase [ footprints),
and 99% is within 1.7kb of at least one of the
biochemical events measured by ENCODE.
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ENCODE for farmed / companion animals

= By-product of biology-led research
- development, differentiation, responses to perturbation

= Focus on target tissues
- musco-skeletal
- Immune tissues

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



natire L=~

COMMUNICATIONS
ARTICLE
Received 7 Oct 2011 | Accepted 19 Apr 2012 | Published 22 May 2012

An atlas of DNA methylomes in porcine adipose
and muscle tissues

Mingzhou Li'*, Honglong Wus, Zonggang Luo®3, Yudong Xia?, Jiugiang Guan', Tao Wang', Yiren Gu?,

Lei Chen?, Kai Zhang!T, Jideng Ma', Yingkai Liu', Zhijun Zhong, Jing Nie!, Shuling Zhou', Zhiping Mu,

Xiaoyan Wang', Jingjing Qu', Long Jing!, Huiyu Wang', Shujia HL,|a|r'|g:2r Na YiZ, Zhe Wangz, Dongxing Xi?,

Juan Wangz, Guangliang YinZ, Li Wangz, Ming Li2, Zhi Jiangz, Qiulei Langé‘, Huasheng Xiao’, Anan Jiang!, Li Zhu/,
Yanzhi Jiang', Guoqging Tang', Miaomiao Mai', Surong Shuai', Ning Li®, Kui Li®, Jinyong Wang?, Xiuging Zhangz,

Yingrui LiZ, Haosi Chen'?, Xiaolian Gao'Y, Graham S. Plastow'", Stephen Beck'Z, Huanming Yang?, Jian Wang?,
Jun Wang?, Xuewei Li' & Ruigiang LT @ FTO (Adipose B-DMR) FTO (Muscle B-DMR)
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Volume 148, Issue B, § June 2012, Pages 1381-1352

Resource

Comparative Epigenomic Annotation of Regulatory DNA

Shu )(iao"?“s, Dan Xie"”, Xiaoyi Cao”“s, Pengfei Yu?‘s‘s, Xiaoyun Xings, Chieh-Chun Chenu, Meagan
Musselman', Mingchao Xiea, Franklin D. West“, Harris A Lewinz, Ting Wanga, Sheng Zhongtm F 3

' Department of Bioengineering, University of lincis at Urbana-Champaign, 1304 West Springfield Avenue, Urbana, IL 61801,
Usa

? Institute for Genomic Biclegy, University of lincis at Urbana-Champaign, 1304 West Springfield Avenue, Urbana, L 61801,
Usa

* Center for Biophysics and Computational Biclegy, University of llincis at Urbana-Champaign, 1304 West Springfield &venue,
Urbana, IL 61801, USA

: Department of Animal and Dairy Science, University of Georgia, 425 River Road, Athens, GA 30602, USA
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ENCODE for farmed /7 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
alan.archibald@roslin.ed.ac.uk
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