
Utilising the genome analysis toolkit (GATK) to identify single 
nucleotide polymorphisms for use as genetic markers 
Eleanor Karp-Tatham 

Supervisors: Prof Damer Blake, Prof Fiona Tomley, Dr Dong Xia & Dr Alasdair Nisbet (Moredun Institute) 



Dermanyssus gallinae

ØBlood-feeding ectoparasite

ØSignificant welfare impact at moderate infestation 
levels

Ø €130 million loss to European poultry industry a year

Ø28 avian hosts 

ØVector for multiple pathogenic agents 

ØFive stage life-cycle

ØFeed during hours of darkness (~30-90 minutes)

ØUnder optimal conditions (high relative humidity and 
20-25°C) the complete cycle can occur in 7-10 days 



Current control of Dermanyssus gallinae



Genetics of Dermanyssus gallinae 

Ø Transcriptomic 

data

Ø Illumina 
Ø Not currently 

published



Population genetics

Population genetics is the study of genetic variation within and among populations and the evolutionary factors 
that explain this variation.

Population structure 

and diversity
Vaccination Acaricide/drug 

resistance



Overall plan 

Hannover transcriptome – 454 sequencing[1]

Moredun genome assembly used as reference genome

• VCF stands for Variant Call Format. 
• It is a standardized text file format for 

representing SNP, indel, and structural 
variation calls 

• Used to identify a subset of SNPs with the 
highest confidence 

• MassARRAY panel designed to capacitate 384 samples per plate 
with up to 40 SNPs per sample

• Option to run two plates - 768 samples with 40 SNPs
• Mites from the UK and Europe 

• Single mite samples 

MassARRAY Panel Variant calling file 

• GATK best practices followed for Germline SNP & Indel
Discovery in Whole Genome and Exome

Genome Analysis Toolkit1 2
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Sample collection: UK



Sample collection: Europe 



Genome Analysis Toolkit (GATK): 

Ø Developed in the Data Sciences Platform at the Broad Institute, the toolkit offers a wide variety of tools with a 
primary focus on variant discovery and genotyping. Its powerful processing engine and high-performance 

computing features make it capable of taking on projects of any size.



GATK on Galaxy 
Ø Galaxy servers implement a common core set of tools and reference genomes, and are open to anyone to use. They also 

contain tools and genomes that are local to each server.



GATK’s Best Practices

Ø Germline short variant discovery (SNPS + Indels)



GATK workflow 

Hannover reads 1

Hannover reads 2

Consolidate into 

one VCF file with 
highest quality 

SNPs

Run final round of 

SNP calling using 
GATK best 

practices pipeline

Final table of 

SNPs produced

Ready for primer 

design, panel 
preparation and 
everything else 

J

2 3
4
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Initial rounds of SNP calling



Pre-processing

Hannover 1

Hannover 2



Variant Discovery



Initial SNP Tables

ID
An 

optional 
identifier 
for the 
variant 

#CHROM
POS

The contig 

and genome 
coordinates 
on which the 

variant 
occurs

REF 

ALT
The 

reference 

allele and 
alternative 

allele(s) 

observed

QUAL
The Phred-scale 

probability that a 
REF/ALT 

polymorphism 

exists at this given 
site given 

sequencing data

FILTER
The field contains 

the name(s) of 
any filter(s) that 

the variant fails to 

pass, or the value 
PASS if the 

variant passes all 
filters

INFO
Various site-level annotations. 

They typically summarise 
context information from 
other sources. Some are 

default by GATK tools and 
others can be added. 

For example, AC, AF and AN 
represent chromosome counts

FORMAT 
HANNOVER_Fastq

Short names of the sample-level information
GT: Genotype at this sample site

AD + DP: Allele depth and depth of coverage
PL: “Normalized” Phred-scaled likelihoods of the 

possible genotypes

GQ: Quality of the assigned genotype

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT Hannover_fastq

Mite_0003 26054 . G A 77.44 PASS AB=0.286;AC=1;AF=0.50;AN=2;BaseCounts=5,0,2,0;BaseQRankSum=1.495;DP=7;Dels=0.00;FS=0.000;GC=52.48;HRun=0;HaplotypeScore=1.9664;LowMQ=0.0000,0.0000,7;MQ=60.00;MQ0=0;MQ0Fraction= GT:AB:AD:DP:FA:GQ:MQ0:PL 0/1:0.29:2,5:7:0.714:26.39:0:107,0,26

Mite_0003 26942 . T C 39.74 PASS AB=0.636;AC=1;AF=0.50;AN=2;BaseCounts=0,4,0,7;BaseQRankSum=-2.037;DP=11;Dels=0.00;FS=7.123;GC=50.50;HRun=1;HaplotypeScore=0.9867;LowMQ=0.0000,0.0000,11;MQ=60.00;MQ0=0;MQ0Fracti GT:AB:AD:DP:FA:GQ:MQ0:PL 0/1:0.64:7,4:11:0.364:69.73:0:70,0,152

Mite_0003 35076 . C T 46.01 PASS AC=2;AF=1.00;AN=2;BaseCounts=0,0,0,3;DP=3;Dels=0.00;FS=0.000;GC=52.48;HRun=1;HaplotypeScore=0.0000;LowMQ=0.0000,0.0000,3;MQ=60.00;MQ0=0;MQ0Fraction=0.0000;Num454=3;NumOther=0;N GT:AD:DP:FA:GQ:MQ0:PL 1/1:0,3:3:1.000:9:0:78,9,0

Mite_0003 49726 . C T 35.06 PASS AB=0.400;AC=1;AF=0.50;AN=2;BaseCounts=0,2,0,3;BaseQRankSum=1.231;DP=5;Dels=0.00;FS=0.000;GC=46.53;HRun=0;HaplotypeScore=0.9832;LowMQ=0.0000,0.0000,5;MQ=60.00;MQ0=0;MQ0Fraction= GT:AB:AD:DP:FA:GQ:MQ0:PL 0/1:0.40:2,3:5:0.600:30.37:0:65,0,30

Mite_0003 49753 . T C 89.66 PASS AC=2;AF=1.00;AN=2;BaseCounts=0,5,0,0;DP=5;Dels=0.00;FS=0.000;GC=54.46;HRun=1;HaplotypeScore=0.0000;LowMQ=0.0000,0.0000,5;MQ=60.00;MQ0=0;MQ0Fraction=0.0000;Num454=5;NumOther=0;N GT:AD:DP:FA:GQ:MQ0:PL 1/1:0,5:5:1.000:14.97:0:122,15,0

Mite_0003 49801 . G A 35.04 PASS AB=0.400;AC=1;AF=0.50;AN=2;BaseCounts=3,0,2,0;BaseQRankSum=1.231;DP=5;Dels=0.00;FS=0.000;GC=54.46;HRun=0;HaplotypeScore=0.0000;LowMQ=0.0000,0.0000,5;MQ=60.00;MQ0=0;MQ0Fraction= GT:AB:AD:DP:FA:GQ:MQ0:PL 0/1:0.40:2,3:5:0.600:34.37:0:65,0,34

Mite_0005 13419 . T A 37.19 PASS AB=0.250;AC=1;AF=0.50;AN=2;BaseCounts=3,0,0,1;BaseQRankSum=0.727;DP=4;Dels=0.00;FS=0.000;GC=51.49;HRun=1;HaplotypeScore=0.0000;LowMQ=0.0000,0.0000,4;MQ=60.00;MQ0=0;MQ0Fraction= GT:AB:AD:DP:FA:GQ:MQ0:PL 0/1:0.25:1,3:4:0.750:11.69:0:67,0,12

Mite_0005 13424 . G A 38.15 PASS AB=0.250;AC=1;AF=0.50;AN=2;BaseCounts=3,0,1,0;BaseQRankSum=0.727;DP=4;Dels=0.00;FS=0.000;GC=51.49;HRun=2;HaplotypeScore=0.0000;LowMQ=0.0000,0.0000,4;MQ=60.00;MQ0=0;MQ0Fraction= GT:AB:AD:DP:FA:GQ:MQ0:PL 0/1:0.25:1,3:4:0.750:12.69:0:68,0,13

Mite_0010 87702 . A G 42.03 PASS AC=2;AF=1.00;AN=2;BaseCounts=0,0,3,0;DP=3;Dels=0.00;FS=0.000;GC=54.46;HRun=0;HaplotypeScore=0.0000;LowMQ=0.0000,0.0000,3;MQ=60.00;MQ0=0;MQ0Fraction=0.0000;Num454=3;NumOther=0;N GT:AD:DP:FA:GQ:MQ0:PL 1/1:0,3:3:1.000:8.99:0:74,9,0

Mite_0010 91003 . G A 37.98 PASS AC=2;AF=1.00;AN=2;BaseCounts=3,0,0,0;DP=3;Dels=0.00;FS=0.000;GC=46.53;HRun=1;HaplotypeScore=0.0000;LowMQ=0.0000,0.0000,3;MQ=37.32;MQ0=0;MQ0Fraction=0.0000;Num454=3;NumOther=0;N GT:AD:DP:FA:GQ:MQ0:PL 1/1:0,3:3:1.000:8.96:0:70,9,0

Mite_0010 92053 . C T 50.75 PASS AB=0.333;AC=1;AF=0.50;AN=2;BaseCounts=0,2,0,4;BaseQRankSum=1.380;DP=6;Dels=0.00;FS=0.000;GC=50.50;HRun=2;HaplotypeScore=0.0000;LowMQ=0.0000,0.0000,6;MQ=55.21;MQ0=0;MQ0Fraction= GT:AB:AD:DP:FA:GQ:MQ0:PL 0/1:0.33:2,4:6:0.667:32.40:0:81,0,32

Dataset Read sets File size
Sequencin

g platform
Read type

Quality 

scores

GATK 

run1 

complete

Mapping 

results 

No. of 

SNPs

VCF 

intersect

Hannover

1 12.9MB 454 Single Y Y 96.4% 63,592

39,396

2 13.5MB 454 Single Y Y 96.4% 69,440



GATK workflow 

Hannover reads 1

Hannover reads 2

Consolidate into 

one VCF file with 
highest quality 

SNPs

Run final round of 

SNP calling using 
GATK best 

practices pipeline

Final table of 

SNPs produced

Ready for primer 

design, panel 
preparation and 
everything else 

J

2 3
4

51

Initial rounds of SNP calling

39,396



Variant Discovery

Variant filtration 



In reality…



Variant Filtration



Variant Filtration

Dataset
Read 

sets

GATK 

run1 

complete

Mapping 

results 

No. of 

SNPs

VCF 

intersect

GATK 

run 2 

complete

No. of 

SNPs 

total

No. of 

SNPS

PASS

No. of 

excluded 

SNPS

VCF 

intersect

VCF 

intersect 

PASS

Hannover

1 Y 96.4% 63,592

39,396

Y 66,296 65,248 1048

32,940 32,599

2 Y 96.4% 69,440 Y 69,440 68294 1146

-6,797 SNPs



Selecting SNPs 

2 3 4

SNPs related to vaccine 

targets 

SNPs relating to 

acaricide/drug resistance

High quality scoring SNPs 

in coding regions

1

Bioinformatics tools to 

predict SNP effect

32,599 SNPs



VCF Intersect File 

Hannover read sets 1 +2

32,599 SNPs

Read depth set to a 

minimum of 50

PHRED quality score set to 

a minimum of 500

Local BLAST alignment 
against genome

No. of threads: 1, Filter low 

complexity 
Expect: 10, Word size: 11, 

Match 1, Mismatch -3, 
Existence 5, Extension 2, Max 

no. of hits: 1,500

SNPs discarded if:

1. Adjacent to another SNP

2. Located 20-30bp from 

another SNP

3. Right at the start or end of 

contig

Maximum of two SNPs per 

contig with following 

attributes:

Distant from each other

High quality score

High read depth

Local BLAST alignment 
against Moredun and RVC 

transcriptome data

No. of threads: 1, Filter low 
complexity 

Expect: 10, Word size: 11, 
Match 1, Mismatch -3, 

Existence 5, Extension 2, Max 

no. of hits: 250

Selecting SNPs 

PHRED quality score set to 

a minimum of 400

Local BLAST alignment 
against genome

No. of threads: 1, Filter low 

complexity 
Expect: 10, Word size: 11, 

Match 1, Mismatch -3, 
Existence 5, Extension 2, 
Max no. of hits: 1,500

Read depth set to a 

minimum of 40

40 SNPs remaining from 40 

contigs 

Quality scores: 500-1,900

Read depth: 50-127

SNPs discarded if:

1. Adjacent to another SNP

2. Located 20-30bp from 

another SNP

3. Right at the start or end of 

contig

Maximum of two SNPs per 

contig with following 

attributes:

Distant from each other

High quality score

High read depth

Local BLAST alignment 
against Moredun and RVC 

transcriptome data

No. of threads: 1, Filter low 
complexity 

Expect: 10, Word size: 11, 
Match 1, Mismatch -3, 

Existence 5, Extension 2, Max 

no. of hits: 250



Selecting SNPs 

Ø 75 SNPS

Ø Contig size: 27,617-3,015,868
Ø Quality score: 400-2552
Ø Read depth: 40 - 127



What’s next? 

• Final panel of SNPS sent to 
MassARRAY company

• Primers designed to 
encompass target SNPs
• Sample preparation 

undertaken
• Wait for processing time

• Diversity assessed 
across UK and 

European samples
• Inter-farm and intra-

farm diversity 

investigated
• Phylogenetic analysis 

conducted

Computational analysisSend to MassARRAY 

• Selected SNPs tested in 
house 

• Primer design followed 
by PCR and sequencing 

to further validate GATK 
workflow

Validation of SNPs

1 2 3



Acknowledgements

Dr Alasdair Nisbet

Dr Stewart 
Burgess

Dr Kath Bartley 

Prof Damer Blake 

Prof Fiona Tomley 
Dr Dong Xia

Dr Tatiana Kuester
Miss Laura Evans Dr Øivind Øines


