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SNP Detection Analysis

Manpreet S. Katari

PTC Tasting

* Phenylthiocarbamide is a chemical that not everyone can taste.
* Generally about 70% of individuals can taste the bitterness.
« Can we use genetics to explain this phenomenon ?

« In order to keep the dataset small we are going to focus on one gene
that is known to important in this.

* The sequence for this gene was obtained from four individuals who
also performed the taste test.

Single nucleotide polymorphisms (SNPs)
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Types of variants

« Single-nucleotide polymorphisms ———

SNP (Genotypes GIG, reference A/A) <

Types of base substitutions

* Transition (Ti):

. purine -> purine mutation
*Or
. pyrimidine -> pyrimidine mutation

« Transversion (Tv):

. Purine -> pyrimidine mutation
*Or

. Pyrimidine -> purine mutation

Small insertion deletions (INDELS)
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Types of variants

« Single-nucleotide polymorphisms
« Smallinsertion/deletion polymorphisms ¢
SNP (Genotypes G/G, reference A/A)

Insertion allele in
reference

Mutation detection pipeline

« Alignment: SAM format (BAM = binary)

* SNP detection: VCF format (BCF = binary)

« Functional assessment

Variant Call Format (VCFs): summary of variants in a genome(s)
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Optional header lines (meta-data
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Variant Call Format (VCFs): representation of variants

(b) NP (c) Insertion (d) Deletion (€) Replacement
Alignment  VCF representation
12 U 12345 POS REF ALT 1234 POS REF ALT 1234 POS REF ALT
AC6T 2 € o ACGT 1 ACG A ACGT 1 ACG AT
ATGT ACTGT

(f) Large structural variant

Alignment VCE representation
100 110 120 290 300 POS REF ALT  INFO
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| | Whole genome-resequencing: snp-calling
Tmage el s basa calieg
« CHROM: PTC_Human ¥
« POS: 245 Rendmogpin <«— Reqires assembled genome
+ ID:.
2. < Steps to reduce the “false
* RER:T discovery rate’ (FDR)
. ALT:C Wit sample calling SESIEGG ) <= Muiti-sample algorithms improve
+ QUAL: 999 ¥ SNP-calling in population studies
. FITER: Pramotecandidsts S

+ FORMAT: GT:PL:GQ GT PL likelihood,GQ quality
0/1:244,0,248:99
0/0:0,255,255:99
1/1:255,255,0:99
1/1:255,255,0:99

INFO: DP=7609;VDB=0.0040;AF1=0.625;AC1=5;DP4=1985,855,2346,2276;MQ=59;FQ=999;PV4=2e-60,1,4.6e-
05,1
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4— Hard-filtering of suspect SNPs is
required in most snp-calling and
genotyping applications

Nielsen, Nat. Rev. Genetics 2011
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Duplicate handling: PCR Duplicates

« Whatis a PCR duplicate?

: Not a duplicate
aduplicate

% | PCR duplicates

Not a duplicate

i
1111

Reference genome

Indel Re-alignment

Why is it necessary to re-align reads?

Outcome is refinement of insertion-deletion positioning and reduction in false
positive SNPs

« Example e = -
DINDEL _—
GATK -

IndelRealignerTargetCreator / |

IndelRealigner Before: _
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After:
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Resequencing workflow

QC of sequencing data
Align reads - generates SAM/BAM alignment

Coordinate sort reads

Mark duplicate reads

Re-alignment around insertions/deletions
SNP-calling

Filtering / Quality control

Assess predicted effects of SNPs

GATK framework

Phase 1. Phase 2:

Typicaly by lane

Popuiation
siructure

Stuctural
variation (8V)

Base qualty
rocalbration

Geanayps
refinement

output Raw variants
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Annotating Variants

Fly (Ausin). 2012 Apr 1 6(2) 80-82. PMCID: PHIC3E7S285
Pubished onina 2012 Apr 1. doi: 10 416119695

A program for annotating and predicting the effects of single nucleotide
polymorphisms, SnpEff

SNPs in the genome of Drosophila melanogaster strain w'118; iso-2; iso-3

Pablo Cingolan, ' +2-3 Adrian Platts, * Le Lily Wang,  Melissa Coon, 2 Tung Nguven, 5 Luan Wang, ' -2 Susan J.
Land, 2 Xiangyi Lu, ' and Douglas M. Ruden -2~
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Do the analysis

IGV: Integrative Genomics Viewer

* http://www.broadinstitute.org/igv/

« Standalone java program
* Does not require a mysql database server or an apache web server
* Limited to the resources of the machine that it is running on.
* More interactive compared to Gbrowse.
* Both IGV and Gbrowse can use GFF file format.

Load the fasta file as the genome (reference
sequence)

Baesn s

~senxo S E

Select the PTC_Human.fa file

Namo

B igvinip

20 PTC_Human 2015_gatk vt
PTC_Human_2015_gatk.ve.idx
PTC_Human.dict
PTC_Human.fa.fai
Sample1RG.bam
Sample1RG.bam.bai
Sample2RG.bam
‘Sample2RG.bam.bai
‘Sample3RG.bam
‘Sample3RG.bam.bai
‘Sample4RG.bam
‘Sample4RG.bam.bai
SampleSRG.bam
‘SampleSRG.bam.bai

Notice the sequence at the bottom
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Now load the Alignment files (.bam)

T
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Coverage is the consensus of all
Now load the Alignment files (.bam) sequences together

(e B) (AEsmn ) 1m0 o®<-00xo a

Namo

B igvinip
22 PTC_Human_2015_gatkve!
| PTC_Human_2015_gatk.vet.idx

PTC_Human fa.fai
‘Sample1RG.bam.bai
Sample2RG.bam
Sample2RG.bam.bai
Sample3RG.bam
Sample3RG.bam bai
Sample4RG.bam
Sample4RG.bam.bai
SampleSRG.bam
SampleSRG.bam bai

[
PTC_Human fa S “
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Gray means sequence is the same as the genome, color shows a change from reference.

Load all the bam files Zoom into region of interest
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You can move the tracks by clicking on the name and dragging them.
Put your mouse over each base to get more statistics about each base.
VCF Format Load the VCF file
PEPPTe
Col  Field Description NN
1 CHROM  Chromosome name ]
2 pos 1-based position. For an indel, this is the position preceding the indel. o = = = ]
3 [5) Variant identifier. Usually the dbSNP rsID. L N—
4 ReF Reference sequence at POS involved in the variant. For a SNP, it is a single base.
s AT Comma deli list of
6  QuaL Phred-scaled probability of all samples being homozygous reference.
7  FILTER  Semicolon delimited list of filters that the variant fails to pass.
s INFO list of variant
9 FORMAT  Colon delimited list of the format of individual genotypes in the following fields.
10+ i genotype defined by FORMAT.
= =
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Load the VCF file

_gatk.vo
PTC_Human_2015_gatk.v.idx
PTC_Human dict
PTC_Human.fa

PTC_Human.fa fai
Sample1RG.bam

Sample1RG bam.bai
Sample2RG.bam
Sample2RG.bam.oai
Sample3RG.bam
Sample3RG.bam.bai
Sample4RG.bam

Sample4RG bam.bai
Sample5RG.bam
SampleSRG.bam.oai

Details of SNP

fchr:PTC_Human
|Pasiton: 245
o

| Reference T+
Aternate: €

Qual 1407252
Type:

12 iered OutiNo

Alleles:

Place your mouse over the SNP to get the details.

Are the conclusions the same ?

What additional filtering should we apply?

“Homvar: 1

v.
Allle Freauency: 0.600
Alele Count n Genotypes: 6
MQRanksum: -1.366

%0
Tota Aleles n Genorypes: 10
rs:189.585
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