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Types of Variants

Germline - variants in egg or sperm cells, passed from parent to
offspring

Somatic - variants found in specific cells in the body, not hereditary
Single nucleotide variant (SNV)- substitution of one nucleotide for
another

Single nucleotide polymorphism (SNP) - SNV present in at least
1% of the population

Indel - small insertion or deletion (<50 bps)

Reference: ACGTGCCAGGACATAATGACA
SNV/SNP: ACGTGCCAGGTCATAATGACA

Indel: ACGTGCC AATGACA
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Typical short variant discovery pipeline

C Index 2 Index 1
pg o DNA Insert | g

Trim NGS libraries for ——— —T1
adapters and low-quality https://support illumina.com/bulletins/2020/12/how-short-inserts-affect-sequencing-performance.html
bases

Map reads to a reference
genome

Process alignment files
(e.g. sort, add read groups)
Variant calling
Downstream analyses

(e.g. annotation,

population analysis)

5’

Mapped to reference genome
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Commonly Used Software

Read Read Alignment Variant
Trimming Mapping Processing Calling

FastQC - bwa - SAMtools - GATK
. TrimGalore! - Bowtie2 - Picard Tools - FreeBayes
. Cutadapt - BBMap - BEDtools - BCFtools
. Trimmomatic - bwa-mem?22 - Platypus
BBDuk - VarScan
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GATK Best Practices

Raw Unmapped Reads
uBAM or FASTQ
1

[ Map to Reference ]

| Raw SNPs + Indels [ _J I

Filter Variants
1

Refine Genotypes
1

Annotate Variants

+

| Analysis-Ready [ 1 I

1
Evaluate Callset

ok

[ Troubleshoot ] [ Use in project ]

| Analysis-Ready Reads |

1
Call Variants Per-Sample

-

J

Raw Mapped Reads

Mark Dupllcates

L[ Consolidate GVCFs ]—J

1
Joint-Call Cohort
GenotypeGVCFs

| Raw SNPs + Indels |

https://gatk.broadinstitute.org/hc/en-us/articles/360035535932-Cermline-short-variant-discovery-SNPs-Indels-

Quallty Scores

[ )
[ Recalibrate Base ]

Analysis-Ready Reads
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Accessing the HPRC Portal
e HPRC webpage: https:/hprc.tamu.edu/

Home  User Services Resources Research  Policies Events About Portal  Training
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FASTER Portal

Quick Links

New User Information FASTER Portal (ACCESS)

Accounts
Apply for Accounts
Manage Accounts
User Consulting

i TEXAS A&M UNIVERSITY TO ACQUIRE A
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https://hprc.tamu.edu/

Accessing the HPRC Portal

Log-in using your TAMU NetlD credentials.
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Shell access via the HPRC Portal

Access through (most) web browsers
e Top banner menu: “Clusters” —>"_grace Shell Access”

TAMU HPRC OnDemand (Grace) Files~ Jobs~ Clusters~ Interactive Apps~ Dashboard~ @ My Interactive Sessions </>Develop + @Help~ &

>_grace Shell Access

OnDemand provides an integrated, single access point for all of your HPC resources.

Message of the Day

IMPORTANT POLICY INFORMATION

« Unauthorized use of HPRC resources is prohibited and subject to criminal prosecution.

» Use of HPRC resources in violation of United States export control laws and regulations is prohibited. Current HPRC staff members are US citizens
and legal residents.

« Sharing HPRC account and password information is in violation of State Law. Any shared accounts will be DISABLED.
¢ Authorized users must also adhere to ALL policies at: https://hprc.tamu.edu/policies

! WARNING: THERE ARE ONLY NIGHTLY BACKUPS OF USER HOME DIRECTORIES. !
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Finding Bioinformatics Software

e TAMU HPRC Documentation (https:/hprc.tamu.edu/wiki/Bioinformatics)

e The following Unix commands allow you to search for software:

S module avail

$ module spider tool name

$ module key search phrase

e |f you would like a program installed on Grace, send an email with
the URL link to help@hprc.tamu.edu
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Submitting Jobs on Grace

e Login nodes are not used for large computational jobs
o File manipulation
o Job script preparation
o Short computational jobs (< 60 minutes, 8 cores max)
Most tasks on HPC require job submission and utilization of

compute nodes
Template job scripts available from HPRC (CCATemplates)
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Template Job Scripts

e Available on HPRC wiki page

FastQC

GCATemplates available: grac rag

modute spider Fastls Click to see template script on github.tamu.edu

After running FastQC via the command line, you can ssh to an HPRC cluster enabling X11 forwarding by using the -X option and view the images using
the eog tool.
From your desktop:

ssh -X username@grace.hprc.tamu.edu

From your FastQC working directory on Grace unzip the .zip results file then use eog to view the results in the Images directory:

eog sample_fastqc/Images/per_sequence_gc_content.png

You can also run FastQC interactively using the FastQC GUI by logging in using X11 forwarding and running the command:

fastqc
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Template Job Scripts

Latest commit 844f92c on Nov 15, 2021 &) History

A 0 contributors

Executable File 44 lines (34 sloc) 1.9 KB

#!/bin/bash

#SBATCH ——export=NONE
#SBATCH --job-name=fastqc
#SBATCH ——time=01:00:00
#SBATCH --ntasks-per—node=1
#SBATCH —-—cpus—-per-task=2
#SBATCH --mem=14G

#SBATCH ——output=stdout.%x.%]
#SBATCH ——error=stderr.%x.%j

do not export current env to the job

job name

max job run time dd-hh:mm:ss CIiCk “RaW" if

tasks (commands) per compute node

CPUs (threads) per command you Wa nt to
total memory per node
save stdout to file CO py and paste
save stderr to file

from your web

browser

1
2
3
4
5
6
7
8
9

# B B B B K R R

=
= o

module load FastQC/@.11.9-Java-11

[y
N

[y
w

<<README
— FASTQC homepage: http://www.bioinformatics.babraham.ac.uk/projects/fastqc
— FASTQC manual: http://www.bioinformatics.babraham.ac.uk/projects/fastqc/Help
README

=
(= BV B -3
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#!/bin/bash

#SBATCH —-export=NONE do not export current env to the job
#SBATCH --job-name=fastqc job name

#SBATCH --time=01:00:00 max job run time dd-hh:mm:ss

#SBATCH --ntasks-per-node=1 tasks (commands) per compute node
#SBATCH --cpus-per-task=2 CPUs (threads) per command

#SBATCH --mem=14G total memory per node

#SBATCH --output=stdout.%x.%j save stdout to file

#SBATCH --error=stderr.%x.%] save stderr to file

module load FastQC/0.11.9-Java-11

p <<README
- FASTQC homepage: http://www.bioinformatics.babraham.ac.uk/projects/fastqc
GCATel I Ip ate JO - FASTQC manual: http://www.bioinformatics.babraham.ac.uk/projects/fastqc/Help
R
L]
Script (Grace)

# TODO Edit these variables as needed:

R A INPUTS SR
pel_1='/scratch/data/bio/GCATemplates/data/miseq/c_dubliniensis/DR34_R1.fastq.gz'
pel_2='/scratch/data/bio/GCATemplates/data/miseq/c_dubliniensis/DR34_R2.fastq.gz'

#iHHRAHH# PARAMETERS ### A ##
threads=$SLURM_CPUS_PER_TASK

R RAREEE OUTPUTS #Ha# it
output_dir="./"'

HUHRHAAHHHBRRBREHB ARG GBRAIAHHRRURERE COMMANDS  AAIH AR R AT R RIS BRI

# use -0 <directory> to save results to <directory> instead of directory where reads are located
# <directory> must already exist before using -o <directory> option

# —-nogroup will calculate average at each base instead of bins after the first 50 bp

# fastqc runs one thread per file; using 20 threads for 2 files does not speed up the processing

fastqc -t $threads -o $output_dir $pel_1 $pel_2
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#!/bin/bash

#SBATCH ——export=NONE
#SBATCH —-job-name=fastqc
#SBATCH ——time=01:00:00
#SBATCH --ntasks—-per-node=1
#SBATCH —-cpus—-per-task=2
#SBATCH —-mem=14G

#SBATCH ——output=stdout.fsx.%j
#SBATCH ——error=stderr.%x.%j

do not export current env to the job

job name These

max job run time dd-hh:mm:ss
tasks (commands) per compute node - parameters are

CPUs (threads) per command read by thejob

total memory per node

save stdout to file scheduler
save stderr to file

HHEHRHHRHFEHRR

—

module load FastQC/@.11.9-Java-11 | oad the required module(s)

<<README
- FASTQC homepage:| http://www.bioinformatics.babraham.ac.uk/projects/fastqc Comment

- FASTQC manual: Http://www.bioinformatics.babraham.ac.uk/projects/fastqc/Hel .
README ] a1 ARRDD . ges P section

I VARTIABLES  #ft#t i i i A
# TODO Edit these vafriables as needed:

Section to edit
A INPUTS  ##HHEEH
pel_1='/scratch/dat@/bio/GCATemplates/data/miseq/c_dubliniensis/DR34_R1.fastq.gz'
pel_2='/scratch/datp/bio/GCATemplates/data/miseq/c_dubliniensis/DR34_R2.fastq.gz'

HHRHHSHA.
threads3$SLURM_CPUS_PER_TASK
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ittt OUTPUTS ##44444H _
output_dir='./' <& Can be edited

HUHHH AN R RHHH AR B R AR COMMANDS  #####HAHHHHHHHARRHHARRHHA

# use -0 <directory> to save results to <directory> instead of directory where reads are
located

# <directory> must already exist before using -o <directory> option

# ——nogroup will calculate average at each base instead of bins after the first 50 bp

# fastqc runs one thread per file; using 20 threads for 2 files does not speed up the
processing

fastqc -t $threads -o $output_dir $pel_1 $pel 2 Command to run the application

e S S a2
<<CITATION
- Acknowledge TAMU HPRC: https://hprc.tamu.edu/research/citations.html

- FastQC: http://www.bioinformatics.babraham.ac.uk/projects/fastqc
CITATION
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GCATemplates - Genomic Computational Analysis
Templates

BIOINFORMATICS GCATemplates (grace)

CATEGORY

. FASTA files

. FASTQ files (QC, trim, SRA)
s gcatemplates . Genome assembly

. Metagenomics

. PacBio tools

. Phylogenetics

. Population genetics
. Protein tools

. RNA-seq

. SNPs & indels

. Sequence alignments
. Simulate data
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Example Data

e We will be using example data to complete each step of the
full pipeline for short variant discovery. The data comes from a
previously published study that examined populations of
Drosophila melanogaster:

~ MOLECULAR ECOLOGY

Original Article (3 Full Access

Population genomic analysis uncovers African and European
admixture in Drosophila melanogaster populations from the
south-eastern United States and Caribbean Islands

Joyce Y. Kao B, Asif Zubair, Matthew P. Salomon, Sergey V. Nuzhdin, Daniel Campo

https://Wwww.ncbi.nlm.nih.gov/bioproject/PRINA274815/
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Downloading the data

e Make a directory in your scratch folder and copy the data
there:

S mkdir SSCRATCH/ShortVariantCourse

S cd SSCRATCH/ShortVariantCourse

S cp —-r /scratch/training/bio/svcourse/*

S 1s
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Quality Control

e NGS libraries should be fFas‘QCRepm
assessed for quality before i

@Per base sequence quality

@Basic Statistics Quality scores across all bases {(Sanger / lllumina 1.9 encoding)

d O\antrea m a n a |yses @Perl:.’asesequence q%ny :: ﬁiliij""'r”l”l' IEILIE 1L rleIHHH T
)Per tile sequence quality 36 *g—‘\‘_‘____‘\‘—__ I I TTTT-r
Ad @Per sequence quality scores Z: JJJ |H ‘~‘\\\ H
O a pte r CO n te n t @Per base sequence content - 1] MM £l

=

@Mw

o Contamination o ase s

@Siquence Length Distribution

@&quence Duplication Levels

o Run quality ————

@&pter Content

FastQC allows us to check

multiple attributes of NGS
libraries
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Quality Control

We will use the program FastQC to evaluate the quality of our
libraries

Use GCATemplates to copy a template job script to your
directory (use the menu to find the template for FastQC)

Modify the script to work with the SRR1820281_subset
paired-end reads

Submit the job script to the compute nodes:

$ sbatch run fastgc 0.11.9 grace.sh
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Quality Control

Summary

@asic saisics @Basic Statistics

Dt sose soaoee suaty

() ' Per tile sequence quality Filename SRR1820281_1.fastq.gz

@Per sequence quality scores File type Conventional base calls

@Per R AP Encoding Sanger / Illumina 1.9

Total Sequences 13262984

@Per sequence GC content
Sequences flagged as poor quality @
@Per base N content

Sequence length 95

@muence Length Distribution e =

@&mence Duplication Levels

/) Overrepresented sequences

@@pter Content
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@Per base sequence quality

Quality scores across all bases (Sanger / lllumina 1.9 encoding)

__ «— Upper extreme

«— Upper quartile

median

+— lower quartile

— «—— |ower extreme

1234567891213 18-19 24-25 30-31 36-37 42-43 48-49 54-55 60-61 66-67 72-73 78-79 84-85 90-01
Position in read (bp}
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©pPer tile sequence quality

Quality per tile

1234567891213 18-19 24-25 30-31 36-37 42-43 48-49 54-55 60-61 66-67 72-73 78-79 £4-85 9091
Position in read (bp)
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Q . @Per base sequence content
Per sequence quality scores

Sequence content across all bases
Quality score distribution over all sequences 100

Average Quality per read

2000000
1750000
1500000
1250000
1000000

750000

500000

250000

1234567891213 1819 24-25 30-31 36-37 42-43 48-49 54-55 60-61 66-67 72-73 78-79 54-85 90-01
2345678910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 Position in read (bp}
Mean Sequence Quality (Phred Score)
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@Per sequence GC content

500000

400000

300000

200000

100000

02468 11 15 19 23

GC distribution over all sequences

GC count per read
Theoretical Distribution

27 31 35 39 43 47 51 55 59 63 67 71 75 79 83 87 91 95 99

Mean GC content (%)

@Adapter Content

% Adapter

lllumina Universal Adapter
lllumina Small RNA 3' Adaptel
lllumina Small F

Nextera Transg|

SOLID Small RN

123456789 1213 18-19 24-25 30-31 36-37 42-43 48-49 54-55
Position in read (bp)

60-61 66-67 72-73 78-79 84

“’Overrepresented sequences

GGGGCTTGCTGAGTATTCAGCATACATACCAATATGGGTTTCGTATGCAG 116222 ©0.8762884732425221 No Hit

TTTGAGATGCTTTCCACGACACAAAACACTCCCCCAAGCTAGATCGGAAG 83511  0.6296546840439528 No Hit

TTTGAGATGCTTTCCACGATTTCTGTCATTGTATATACTTTCGTTTATGA 15746  ©.11872139783927961 No Hit
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Library Trimming

e We will trim our libraries for adapter sequences and low-quality bases
using the TrimGalore! Package

e We will run TrimGalore! interactively on the login nodes

module purge

module spider trim galore

module spider Trim Galore/0.6.7

module load GCCcore/11.2.0 Trim Galore/0.6.7

trim galore --paired --fastgc \
SRR1820281 subset 1.fastg.gz SRR1820281 subset 2.fastg.gz
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Aligning reads to a reference genome

e Popular NGS alignment software:
o bwa
o Bowtie2
o BBMap
o bwa-mem?2
e Reference genome must be indexed before mapping
o Only needs to be done once
o Some genomes already indexed on Grace

/scratch/data/bio/genome indexes/

If you would like a genome index added to any of our clusters,
send an email to help@hprc.tamu.edu
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Aligning reads to a reference genome

We will use bwa-mem?2 to align our reads to the genome

$ module purge

S module load bwa-mem2/2.2.1-Linux64

$ bwa-mem2 index GCF 000001215.4 genomic.fa

$ bwa-mem2 mem -t 8 GCF 000001215.4 genomic.fa \
-0 SRR1820281 subset.sam \
SRR1820281 subset 1 val 1.fqg.gz \
SRR1820281 subset 2 val 2.fg.gz
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Working with alignment files

We can use SAMtools to look at our mapping statistics and format
our alignment file

$ module purge

S module load GCC/11.3.0 SAMtools/1.16.1

$ samtools flagstat SRR1820281 subset.sam

e We need to sort the alignment and convert it to a binary format

S samtools sort SRR1820281 subset.sam \
-0 SRR1820281 subset sorted.bam
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Working with alignment files

We can use picard tools to add read groups and mark duplicates:

S module purge

$ module load picard/2.25.1-Java-11

$ java -jar SEBROOTPICARD/picard.jar AddOrReplaceReadGroups \

-I SRR1820281 subset sorted.bam \
-0 SRR1820281 subset sorted RG.bam \

-LB SRR1820281 -PL Illumina -PU HWI-ST550 0199.3 -SM SRR1820281

$ java -jar SEBROOTPICARD/picard.jar MarkDuplicates \
-1 SRR1820281 subset sorted RG.bam \
-0 SRR1820281 subset sorted RG DM.bam \
-M SRR1820281 subset metrics.txt
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Creating additional files for GATK

We also need to prepare index files for our alignments and dictionary
files for our reference genome:

S module purge

S module load GCCcore/11.2.0 GCC/11.2.0 GATK/4.2.6.1-Java-11 SAMtools/1.14

$ gatk CreateSequenceDictionary -R GCF 000001215.4 genomic.fa

e Use SAMtools to index the genome and bam files:

$ samtools faidx GCF 000001215.4 genomic.fa

S samtools index SRR1820281 subset sorted RG DM.bam
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Running GATK

Raw Unmapped Reads
uBAM or FASTQ

2l ......| RawSNPs + Indels [
‘ Analysis-Ready Reads \ L

}

[ Filter Variants ]
1

[ Refine Genotypes ]
| |

[ Annotate Variants ]

+

‘ Analysis-Ready (1 B | \

1
Evaluate Callset

@‘k@

[ Troubleshoot } [ Use in project ]

1
Call Variants Per-Sample

[ Map to Reference ]

Raw Mapped Reads

Mark Dupllcates

[ )
[ Recallbrate Base ]

Quallty Scores

L[ Consolidate GVCFs }J

1
Joint-Call Cohort
GenotypeGVCFs

‘ Raw SNPs + Indels \
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Running HaplotypeCaller (in GVCF mode)

$ gatk HaplotypeCaller -I SRR1820281 subset sorted RG DM.bam \
-R GCF _000001215.4 genomic.fa \
-0 SRR1820281 subset.g.vcf.gz \
—-ERC GVCF

e Running in parallel requires “L" argument (separate jobs by
genomic intervals)

e This will take ~7 minutes
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Consolidating GVCF Files

e GenomicsDBImport replaced CombineGVCFs
e Merges GVCFs from multiple samples

S mkdir ConsolGVCFs && cd ConsolGVCFs

S cp ../support/*vcf.gz*

$ cp ../GCF _000001215.4 genomic.interval list
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Consolidating GVCF Files

Create the script shown on
the right

Save it as Consol.sh
Submit the job to the
compute nodes:

$ sbatch Consol.sh

This will take about an
hour to run, so we will
move on with previously
generated data

#!/bin/bash

#SBATCH --job-name=ConsolidateGVCFs
#SBATCH --time=02:00:00

#SBATCH --nodes=1

#SBATCH --ntasks-per-node=2

#SBATCH --mem=4G

#SBATCH --output=%x%j.output
#SBATCH --error=%x%j.error

module purge
module load GCCcore/11.2.0 GATK/4.2.6.1-Java-11

gatk GenomicsDBImport -V SRR1820281.g.vcf.gz \
-V SRR1820288.g.vcf.gz \
-V SRR1820302.g.vcf.gz \
--genomicsdb-workspace-path SVC db \
-L GCF 000001215.4 genomic.interval list
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Joint Genotyping with GATK

S mkdir ../GenotypingGVCFs

$ cd ../GenotypingGVCFs

e Create the script shown
on the right

Save it as Genotype.sh

Submit the job to the
compute nodes

#!/bin/bash

#SBATCH --job-name=GenotypeGVCFs
#SBATCH —--time=04:00:00

#SBATCH --nodes=1

#SBATCH --ntasks-per-node=2
#SBATCH --mem=64G

#SBATCH —--output=%x%j.output
#SBATCH --error=%x%j.error

module purge
module load GCCcore/11.2.0 GATK/4.2.6.1-Java-11

gatk GenotypeGVCFs -R ../GCF 000001215.4 genomic.fa \
-V gendb:///scratch/training/bio/SVC _db \
-0 SVC.vcf.gz
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The VCF Format

##fileformat=VCFv4.0

##fileDate=20110705

##treference=1000GenomesPilot-NCBI37

##phasing=partial

##INFO=<ID=NS, Number=1, Type=Integer, Description="Number of Samples With Data">
##INFO=<ID=DP, Number=1, Type=Integer,Description="Total Depth">
##INFO=<ID=AF,Number=., Type=Float,Description="Allele Frequency">
##INFO=<ID=AA,Number=1, Type=String, Description="Ancestral Allele">
##INFO=<ID=DB, Number=0, Type=Flag, Description="dbSNP membership, build 129">
##INFO=<ID=H2, Number=0, Type=Flag, Description="HapMap2 membership">
##FILTER=<ID=gl0, Description="Quality below 10">
##FILTER=<ID=s50,Description="Less than 50% of samples have data">
##FORMAT=<ID=GQ, Number=1, Type=Integer, Description="Genotype Quality">
##FORMAT=<ID=GT, Number=1, Type=String, Description="Genotype">
##FORMAT=<ID=DP, Number=1, Type=Integer, Description="Read Depth">
##FORMAT=<ID=HQ, Number=2, Type=Integer, Description="Haplotype Quality">

#CHROM POS 1D REF ALT QUAL FILTER INFO o
2 4370 rs6057 G 29 . NS=2;DP=13;AF=0.5;DB;H2

2 7330 . 3 qglO NS=5;DP=12;AF=0.017

2 110696 rs6055 67 PASS NS=2;DP=10;AF=0.333,0.667;AA=T;DB
2 130237 . . 47 . NS=2;DP=16; AA=T
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The VCF Format

##fileformat=VCFv4.0
##fileDate=20110705
##reference=1000GenomesPilot-NCBI37
##phasing=partial
##INFO=<ID=NS,Number=1, Type=Integer,Description="Number of Samples With Data">
##INFO=<ID=DP,Number=1, Type=Integer,Description="Total Depth">
##INFO=<ID=AF,Number=.,Type=Float,Description="Allele Frequency">
##INFO=<ID=AA,Number=1, Type=String, Description="Ancestral Allele">
##INFO=<ID=DB, Number=0, Type=Flag, Description="dbSNP membership, build 129">
##INFO=<ID=H2,Number=0, Type=Flag, Description="HapMap2 membership">
##FILTER=<ID=gl0, Description="Quality below 10">
##FILTER=<ID=s50,Description="Less than 50% of samples have data">
##FORMAT=<ID=GQ, Number=1, Type=Integer, Description="Genotype Quality">
##FORMAT=<ID=GT, Number=1, Type=String, Description="Genotype">
##FORMAT=<ID=DP, Number=1, Type=Integer,Description="Read Depth">
##FORMAT=<ID=HQ, Number=2, Type=Integer,Description="Haplotype Quality">
#CHROM POS ID REF ALT QUAL FILTER INFO
2 4370 rs6057 G 29 . NS=2;DP=13;AF=0.5;DB; H2
2 7330 . T 3 qlo NS=5;DP=12;AF=0.017
2 110696 rs6055 A 67 PASS NS=2;DP=10;AF=0.333,0.667;AA=T;DB
2 130237 T 47 . NS=2;DP=16;AA=T

i

Chromosome
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The VCF Format

##fileformat=VCFv4.0

##fileDate=20110705

##reference=1000GenomesPilot-NCBI37

##phasing=partial

##INFO=<ID=NS,Number=1, Type=Integer,Description="Number of Samples With Data">
##INFO=<ID=DP,Number=1, Type=Integer,Description="Total Depth">
##INFO=<ID=AF,Number=.,Type=Float,Description="Allele Frequency">
##INFO=<ID=AA,Number=1, Type=String, Description="Ancestral Allele">
##INFO=<ID=DB, Number=0, Type=Flag, Description="dbSNP membership, build 129">
##INFO=<ID=H2,Number=0, Type=Flag, Description="HapMap2 membership">

##FILTER=<ID=gl0, Description="Quality below 10">

##FILTER=<ID=s50,Description="Less than 50% of samples have data">
##FORMAT=<ID=GQ, Number=1, Type=Integer, Description="Genotype Quality">
##FORMAT=<ID=GT, Number=1, Type=String, Description="Genotype">
##FORMAT=<ID=DP, Number=1, Type=Integer,Description="Read Depth">
##FORMAT=<ID=HQ, Number=2, Type=Integer,Description="Haplotype Quality">

#CHROM POS ID REF ALT QUAL FILTER INFO

2 4370 rs6057 G 29 . NS=2;DP=13;AF=0.5;DB; H2
2 7330 . 3 qlo NS=5;DP=12;AF=0.017
2 110696 rs6055 67 PASS NS=2;DP=10;AF=0.333,0.667;AA=T;DB
2 130237 . . 47 . NS=2;DP=16;AA=T

i

Nucleotide Position
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The VCF Format

##fileformat=VCFv4.0
##fileDate=20110705
##reference=1000GenomesPilot-NCBI37
##phasing=partial
##INFO=<ID=NS,Number=1, Type=Integer,Description="Number of Samples With Data">
##INFO=<ID=DP,Number=1, Type=Integer,Description="Total Depth">
##INFO=<ID=AF,Number=.,Type=Float,Description="Allele Frequency">
##INFO=<ID=AA,Number=1, Type=String, Description="Ancestral Allele">
##INFO=<ID=DB, Number=0, Type=Flag, Description="dbSNP membership, build 129">
##INFO=<ID=H2,Number=0, Type=Flag, Description="HapMap2 membership">
##FILTER=<ID=gl0, Description="Quality below 10">
##FILTER=<ID=s50,Description="Less than 50% of samples have data">
##FORMAT=<ID=GQ, Number=1, Type=Integer, Description="Genotype Quality">
##FORMAT=<ID=GT, Number=1, Type=String, Description="Genotype">
##FORMAT=<ID=DP, Number=1, Type=Integer,Description="Read Depth">
##FORMAT=<ID=HQ, Number=2, Type=Integer,Description="Haplotype Quality">
#CHROM POS ID REF ALT QUAL FILTER INFO
2 4370 rs6057 G 29 . NS=2;DP=13;AF=0.5;DB; H2
2 7330 . T 3 qlo NS=5;DP=12;AF=0.017
2 110696 rs6055 A 67 PASS NS=2;DP=10;AF=0.333,0.667;AA=T;DB
2 130237 T 47 . NS=2;DP=16;AA=T

i
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The VCF Format

##fileformat=VCFv4.0

##fileDate=20110705

##reference=1000GenomesPilot-NCBI37

##phasing=partial

##INFO=<ID=NS,Number=1, Type=Integer,Description="Number of Samples With Data">
##INFO=<ID=DP,Number=1, Type=Integer,Description="Total Depth">
##INFO=<ID=AF,Number=.,Type=Float,Description="Allele Frequency">
##INFO=<ID=AA,Number=1, Type=String, Description="Ancestral Allele">
##INFO=<ID=DB, Number=0, Type=Flag, Description="dbSNP membership, build 129">
##INFO=<ID=H2,Number=0, Type=Flag, Description="HapMap2 membership">

##FILTER=<ID=gl0, Description="Quality below 10">

##FILTER=<ID=s50,Description="Less than 50% of samples have data">
##FORMAT=<ID=GQ, Number=1, Type=Integer, Description="Genotype Quality">
##FORMAT=<ID=GT, Number=1, Type=String, Description="Genotype">
##FORMAT=<ID=DP, Number=1, Type=Integer,Description="Read Depth">
##FORMAT=<ID=HQ, Number=2, Type=Integer,Description="Haplotype Quality">

#CHROM POS ID REF ALT QUAL FILTER INFO

2 4370 rs6057 G 29 . NS=2;DP=13;AF=0.5;DB; H2
2 7330 . T 3 qlo NS=5;DP=12;AF=0.017
2 110696 rs6055 A 67 PASS NS=2;DP=10;AF=0.333,0.667;AA=T;DB
2 130237 . T . 47 . NS=2;DP=16;AA=T

i

Reference Allele
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The VCF Format

##fileformat=VCFv4.0

##fileDate=20110705

##reference=1000GenomesPilot-NCBI37

##phasing=partial

##INFO=<ID=NS,Number=1, Type=Integer,Description="Number of Samples With Data">
##INFO=<ID=DP,Number=1, Type=Integer,Description="Total Depth">
##INFO=<ID=AF,Number=.,Type=Float,Description="Allele Frequency">
##INFO=<ID=AA,Number=1, Type=String, Description="Ancestral Allele">
##INFO=<ID=DB, Number=0, Type=Flag, Description="dbSNP membership, build 129">
##INFO=<ID=H2,Number=0, Type=Flag, Description="HapMap2 membership">

##FILTER=<ID=gl0, Description="Quality below 10">

##FILTER=<ID=s50,Description="Less than 50% of samples have data">
##FORMAT=<ID=GQ, Number=1, Type=Integer, Description="Genotype Quality">
##FORMAT=<ID=GT, Number=1, Type=String, Description="Genotype">
##FORMAT=<ID=DP, Number=1, Type=Integer,Description="Read Depth">
##FORMAT=<ID=HQ, Number=2, Type=Integer,Description="Haplotype Quality">

#CHROM POS ID REF ALT QUAL FILTER INFO

2 4370 rs6057 G 29 . NS=2;DP=13;AF=0.5;DB; H2
2 7330 . 3 qlo NS=5;DP=12;AF=0.017
2 110696 rs6055 , T 67 PASS NS=2;DP=10;AF=0.333,0.667;AA=T;DB
2 130237 . . 47 . NS=2;DP=16;AA=T

i

Alternative Allele

High Performance Research Computing | hprc.tamu.edu



The VCF Format

##fileformat=VCFv4.0

##fileDate=20110705

##reference=1000GenomesPilot-NCBI37

##phasing=partial

##INFO=<ID=NS,Number=1, Type=Integer,Description="Number of Samples With Data">
##INFO=<ID=DP,Number=1, Type=Integer,Description="Total Depth">
##INFO=<ID=AF,Number=.,Type=Float,Description="Allele Frequency">
##INFO=<ID=AA,Number=1, Type=String, Description="Ancestral Allele">
##INFO=<ID=DB, Number=0, Type=Flag, Description="dbSNP membership, build 129">
##INFO=<ID=H2,Number=0, Type=Flag, Description="HapMap2 membership">

##FILTER=<ID=gl0, Description="Quality below 10">

##FILTER=<ID=s50,Description="Less than 50% of samples have data">
##FORMAT=<ID=GQ, Number=1, Type=Integer, Description="Genotype Quality">
##FORMAT=<ID=GT, Number=1, Type=String, Description="Genotype">
##FORMAT=<ID=DP, Number=1, Type=Integer,Description="Read Depth">
##FORMAT=<ID=HQ, Number=2, Type=Integer,Description="Haplotype Quality">

#CHROM POS ID REF ALT QUAL |FILTER INFO

2 4370 rs6057 G 29 . NS=2;DP=13;AF=0.5;DB; H2
2 7330 . 3 qlo NS=5;DP=12;AF=0.017
2 110696 rs6055 67 PASS NS=2;DP=10;AF=0.333,0.667;AA=T;DB
2 130237 . . 47 . NS=2;DP=16;AA=T

i

Phred-scaled quality score
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The VCF Format

##fileformat=VCFv4.0

##fileDate=20110705

##reference=1000GenomesPilot-NCBI37

##phasing=partial

##INFO=<ID=NS,Number=1, Type=Integer,Description="Number of Samples With Data">
##INFO=<ID=DP,Number=1, Type=Integer,Description="Total Depth">
##INFO=<ID=AF,Number=.,Type=Float,Description="Allele Frequency">
##INFO=<ID=AA,Number=1, Type=String, Description="Ancestral Allele">
##INFO=<ID=DB, Number=0, Type=Flag, Description="dbSNP membership, build 129">
##INFO=<ID=H2,Number=0, Type=Flag, Description="HapMap2 membership">
##FILTER=<ID=gl0, Description="Quality below 10">
##FILTER=<ID=s50,Description="Less than 50% of samples have data">
## FORMAT=<ID=GQ, Number=1, Type=1Integer, Description="Genotype Quality"
##FORMAT=<ID=GT, Number=1, Type=String, Description="Genotype">
##FORMAT=<ID=DP, Number=1, Type=Integer,Description="Read Depth">
##FORMAT=<ID=HQ, Number=2, Type=Integer,Description="Haplotype Quality">

#CHROM POS ID REF ALT QUAL | FILTER INFO

2 4370 rs6057 G 29 . NS=2;DP=13;AF=0.5;DB; H2

2 7330 . 3 qlo NS=5;DP=12;AF=0.017

2 110696 rs6055 67 PASS NS=2;DP=10;AF=0.333,0.667;AA=T;DB
2 130237 . . 47 . NS=2;DP=16;AA=T

i

Filter or Pass (“." means no filter applied)
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The VCF Format

##fileformat=VCFv4.0

##fileDate=20110705

##reference=1000GenomesPilot-NCBI37

##phasing=partial

##INFO=<ID=NS,Number=1, Type=Integer,Description="Number of Samples With Data">
##INFO=<ID=DP,Number=1, Type=Integer,Description="Total Depth">

##INFO=<ID=AF , Number=. ,Type=Float,Description="Allele Frequency">

##INFO=<ID=AA , Number=1l, Type=String,Description="Ancestral Allele">
##INFO=<ID=DB,Number=0, Type=Flag,Description="dbSNP membership, build 129">
##INFO=<ID=H2 ,Number=0, Type=Flag,Description="HapMap2 membership">

##FILTER=<ID=gl0, Description="Quality below 10">

##FILTER=<ID=s50,Description="Less than 50% of samples have data">
##FORMAT=<ID=GQ, Number=1, Type=Integer,Description="Genotype Quality">
##FORMAT=<ID=GT, Number=1, Type=String, Description="Genotype">
##FORMAT=<ID=DP, Number=1, Type=Integer,Description="Read Depth">
##FORMAT=<ID=HQ, Number=2, Type=Integer,Description="Haplotype Quality">

#CHROM POS 1D REF ALT QUAL FILTER INFO

2 4370 rs6057 G 29 . NS=2;DP=13;AF=0.5;DB; H2
2 7330 . 3 glo NS=5;DP=12;AF=0.017
2 110696 rs6055 67 PASS NS=2;DP=10;AF=0.333,0.667; AA=T;DB
2 130237 . . 47 . NS=2;DP=16; AA=T
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The VCF Format

##fileformat=VCFv4.0

##fileDate=20110705

##reference=1000GenomesPilot-NCBI37

##phasing=partial

##INFO=<ID=NS,Number=1, Type=Integer,Description="Number of Samples With Data">
##INFO=<ID=DP,Number=1, Type=Integer,Description="Total Depth">
##INFO=<ID=AF,Number=.,Type=Float,Description="Allele Frequency">
##INFO=<ID=AA,Number=1, Type=String, Description="Ancestral Allele">
##INFO=<ID=DB, Number=0, Type=Flag, Description="dbSNP membership, build 129">
##INFO=<ID=H2,Number=0, Type=Flag, Description="HapMap2 membership">
##FILTER=<ID=gl0, Description="Quality below 10">
##FILTER=<ID=s50,Description="Less than 50% of samples have data">
##FORMAT=<ID=GQ, Number=1, Type=Integer,Description="Genotype Quality">
##FORMAT=<ID=GT ,Number=1, Type=String,Description="Genotype">
##FORMAT=<ID=DP,Number=1, Type=Integer,Description="Read Depth">
##FORMAT=<ID=HQ,Number=2 , Type=Integer,Description="Haplotype Quality">

FORMAT Samplel Sample?2
GT:GQ:DP:HQ 0/0:48:1:52,51 110:48:8:51,51
GT:GQ:DP:HQ 0/0:46:3:58,50 0/1:3:5:65,3
GT:GQ:DP:HQ 112:21:6:23,27 2|1:2:0:18,2
GT:GQ:DP:HQ 0/0:54:7:23,60 0/0:48:4:56,51
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Filtering Variants

e Ensurethat you are in the “ShortVariantCourse” directory in
your scratch space and set up a nhew directory for filtering

cd SSCRATCH/ShortVariantCourse

mkdir FilteringVariants && cd FilteringVariants

cp ../support/SVC.vcf.gz*

module purge

module load GCCcore/11.2.0 GATK/4.2.6.1-Java-11
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Filtering Variants

e Split the variants into SNPs and Indels:

$ gatk SelectVariants -V SVC.vcf.gz -select-type SNP \
-0 SVC.snps.vcf.gz

$ gatk SelectVariants -V SVC.vcf.gz -select-type INDEL \
-0 SVC.1ndels.vcf.gz
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Filtering Variants

Filter the variants:

$ gatk VariantFiltration -V SVC.snps.vcf.gz \
—-filter "QUAL < 30.0" --filter-name "QUAL30" \
-0 SVC.snps filtered.vcf.gz

$ gatk VariantFiltration -V SVC.indels.vcf.gz \
-filter "QUAL < 30.0" --filter-name "QUAL3O0" \
-0 SVC.indels filtered.vcf.gz
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Filtering Variants
e Sort the filtered VCFs;

$ gatk SortVcf -I SVC.snps filtered.vcf.gz \
-0 SVC.snps filtered.sorted.vcf.gz

$ gatk SortVcf -I SVC.indels filtered.vcf.gz \
-0 SVC.indels filtered.sorted.vcf.gz

e Merge the filtered, sorted VCF files:

$ gatk MergeVcfs -I SVC.snps filtered.sorted.vcf.gz \
—I SVC.indels filtered.sorted.vcf.gz \
-0 SVC.filtered.sorted.vcf.gz
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Final Notes

The filtered variant files can be used to create a new
“high-quality” SNP database

The new database can be used to run through the pipeline
again (this time re-calibrating base quality scores)

Raw SNPs + Indels [ 1
[Raw Unmapped Reads] 1 - l Analysis-Ready Reads J H
= s H

: L Filter Variants
Map to Reference : Call Variants Per-Sample E
E HaplotypecCaller in GVCF mode E Refine Genotypes
Raw Mapped Reads : :
A - e e ||
Mark Duplicates ' :

Recalibrate Base § Consolidate GVCFs :
Quality Scores : :
E Joint-Call Cohort E Evaluate Callset
[ Analysis-Ready ReadsJ E SenctypeGvcrs E @

[ Raw SNPs + Indels [ 1 J

Analysis-Ready (1 W | ]
©

[ Troubleshoot J [ Use in project
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