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Overview

High throughput SNP identification using 2nd

generation sequencing
• (1) Species whose genome has been sequenced 

(reference genome)
• (2) Species without a genome sequence

Applications of high throughput SNP typing
Future applications

Introduction

Animal Disease Genomics: Opportunities and Applications
10th - 11th June 2008, Edinburgh, UK

Solexa sequencing (Illumina GA)

1 flow cell, 8 lanes
Read length 36 bp
3-8 million reads per lane
1 sequence run =  2 days
Error rate of ~ 1%
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Introduction

Solexa sequencing (Illumina GA)

(1) Species whose genome has been 
sequenced (reference genome)
• Example: Pig (Swine SNP chip consortium)

(2) Species without a genome sequence
• Example: Turkey
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Introduction
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Estimate of MAF 
within breeds

6x 6x 6x 6x

30x Highly reliable SNP identification

6x

Overview of the pig SNP project

SNP discovery with reference genome
Example: pig

150-200 bp

~ 25 animals/breed
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Preliminary data of HaeIII library

DNA pools digested with 3 restriction enzymes: HaeIII, MspI and  AluI ( 2x)
Separate DNA fragments on polyacrylamide gels
Sequence fragments in the 120-240 bp range, depending on the enzyme used

SNP discovery with reference genome
Example: pig

High throughput SNP identification and genotyping 
Martien Groenen, Wageningen University, The Netherlands
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HaeIII library: 43 million usable sequences
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Breed Total Reads 
(million)

Usable reads 
(million)

Percentage

Duroc 11.3 8.6 76

Pietrain 12.8 9.6 75

Landrace 11.6 8.5 73

Large White 8.6 5.6 65

Wild Boar 14.2 10.9 77

Total 58.5 43.2 74

Preliminary analysis: 60-100,000 SNPs 
(depending on thresholds used)
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Preliminary analysis using MAQ

173 bp

SNP discovery with reference genome
Example: pig
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Time schedule (2008)

Solexa and 454 sequencing: April-June

Data analysis and SNP identification: May-July

SNP selection: July-August

Order of 60 K slides: August 22

60K chip available: December
• (expected > 50K working SNPs)

SNP discovery with reference genome
Example: pig
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SNP discovery in the absence of a sequenced 
reference genome: Turkey

SNP discovery without reference genome
Example: Turkey

36 bp 36 bp

100-200 bp

SNP

36 bp 36 bp

3000 bp

SNP

~ 100 million reads
~ 60 Mb (5 % genome)
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SNP discovery in the absence of a sequenced 
reference genome: Turkey

SNP discovery without reference genome
Example: Turkey

Solexa reads (50 x coverage)

The novo assembly 
(SSAKE, SHARCGS, VELVET)

“Surrogate Reference 
Genome”

SNP analysis 
using MAQ

SNP selection

36 bp 36 bp

3000 bp

SNP

~ 100 million reads
~ 60 Mb (5 % genome)
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Alignment of reads against contigs (MAQ)

SNP discovery without reference genome
Example: Turkey

Reference
(contig)

G/A G/A

High throughput SNP identification and genotyping 
Martien Groenen, Wageningen University, The Netherlands
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30 % of the sequence in contigs > 50 bp
Observed Uniquely mapping to chicken

size frequency number fraction
50-74 126953 62970 0.50
75-99 36810 21058 0.57

100-149 25163 19372 0.77
150-199 8734 6572 0.75
200-299 6379 4434 0.70
300-399 2349 1359 0.58
400-499 1189 551 0.46
500-599 677 259 0.38
>=600 1369 282 0.21

Contig

SNP discovery without reference genome
Example: Turkey

~ 20 Mb
~ 30 % of the sequence data

Overall 58 %
of the sequences 
align uniquely to the 
chicken genome

Can be improved by 
combining with 454 or 
by using paired end

(80 % sequence identity 
for > 80 % of the contig)
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Preliminary analysis using MAQ

SNP discovery without reference genome
Example: Turkey

SNP selection criteria detected
occurrence minor allele >= 8 16144
occurrence minor allele in high quality* >= 4 7656

SNPs

Criteria used for SNP identification
• Minor allele frequency > 0.1
• SNP identifaction tested with high quality sequences as well as 

with all sequences (depth of 58x)

*

*on assembled contigs representing 30 % of the genome
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Applications of high throughput SNP typing

High density SNP typing

A few examples in chicken and pigs based 
on Illumina Golden Gate assays (1536 
SNPs) and a chicken 18K iSelect chip

Jin

Animal Disease Genomics: Opportunities and Applications
10th - 11th June 2008, Edinburgh, UK

LD, Genomic selection and gene identification

High density SNP typing

Fine mapping of QTL
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Genomic selection

Extent of linkage disequilibrium (LD)

Amaral et al (2008) Genetics
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Analysis of selective sweeps
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Identification of selective sweeps

Low frequency of  ancestral allele Decreased Heterozygosity

High density SNP typing

Whole genome association and LD studies
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Whole genome association studies

Courtesy of The Welcome Trust 
case control consortium, Nature (2007)

Needed: High density SNP arrays (~100,000 - 500,000 SNPs)

Jin

Extent of LD for the complete genome

High density SNP typing
Future

High throughput SNP identification and genotyping 
Martien Groenen, Wageningen University, The Netherlands

Animal Disease Genomics: Opportunities & Applications, University of Edinburgh, UK, 9th-12th June 2008
This presentation is the property of the author(s) should not be reproduced without their permission.



Animal Disease Genomics: Opportunities and Applications
10th - 11th June 2008, Edinburgh, UK

Analysis of Copy Number Variation (CNV)
Needed: High density SNP arrays (~500,000 SNPs)

High density SNP typing
Future

Redon et al (2006) Nature 444: 444
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Towards the $1000 genome?

Start thinking about (re)sequencing your 
favorite species – breed  - individuals

Future applications

SNP typing Sequencing

Data
Handling
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Ongoing SNP discovery projects

Your Favorite 
Species/breed?

Summary
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