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What are SNPs?
• Reference genome
(Dominettes‘ mosaic)

• Genome of sample split into
billions of small pieces of
DNA (reads) 

• Each read is 101 bases long

• Reads are aligned to
Dominettes genome

• Variants are identified if
single bases in the reads
differ from the reference

BAM = Binary 
Alignment
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Read Depth

• Deep re-sequencing = total 
number of reads is much higher
than the physical length of
sequence

• Depth (coverage) = number of
times a nucleotide is read during
the sequencing process

• Coverage is the average number
of reads representing a given
nucleotide in the reconstructed
sequence (here = 12x)
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Read Depth

Average 
coverage
for most
windows = 
12

• Average 
coverage
/base for
this
window = 
300

Average Coverage (BTA1) of 67 
sequenced animals
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• Higher 
coverage
observed in 
all breeds

Log (Coverage) per Individual (BTA1)

Patterns (high
average coverage) 
observed across 
breeds:
‐ technical

artifacts?
‐ Variation 

(CNVs)?
‐ Related to gaps

in reference
genome?
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...there are
gaps in the
reference
genome?!?
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Since 2009, we have considered the genome of the
domestic cow “finished“...

% Gaps in Reference / mb
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of variants
found is
positively
correlated
with the
number of
gaps in the
reference. 

(r = 0.33)

Number of Variants Identified vs.
Gaps in Reference
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The quality of
variants is
negatively
correlated
with the
number of
gaps in the
reference. 

(r = ‐0.11)

Average Transition / Transversion
Ratio vs. % Gaps in Reference
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Low average
coverage is
more clearly
related to gaps
in the
reference
genome (e.g. 
BTA12).

1. Average coverage varies across
chromosomes

2. Patterns observed across breeds:
‐ technical artifacts
‐ Variation (CNVs)
‐ Related to gaps in reference

genome
3. Number of variants found is

positively correlated with the
number of gaps in the reference

4. The quality of variants is
negatively correlated with the
number of gaps in the reference

5. We need a new reference
(preferably one for each breed)

Summary
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1. Not all SNPs are created equally:

‐ SNP arrays are great (call rate > 98%)

‐ Sequencing data is also great, but varies in read depth & 
quality for many, many, many positions

2. Rapidly evolving technology (Batch effects, software, etc.)

3. Expect many ugly variants

‐ Array variants are pre‐selected (minimumMAF, found
in many populations, etc)

‐ Sequencing reveals variants across the entire allele 
frequency spectrum

4. Variant QC is an art

‐ The genotype table from a GWAS with array data is a 
beautiful thing...

What to expect:
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Large 
variation in 
the average
number of
SNP found
across the
genome


