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Objectives

1. Know and understand basics in NGS analysis

2. Understand the analysis pipeline of NGS analysis 

3. Understand and be able to use the tools for NGS analysis

4. Be able to analyze the NGS from example organism (M. tuberculosis) 
and compare between the two genomes  
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Outline 

• 1. Introduction of High throughput sequencing (HTS) 

analysis

• 2. Basic terminology

• 3. HTS platforms 

• 4. Analysis pipeline

• 5. Technical information 

• 6. Practice in HTS analysis (bacteria I)

• 7. Practice in HTS analysis (bacteria II)

• 8. Assignment 
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Introduction in NGS analysis
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Genome Sequence Analysis

N Engl J Med. 2011 Jul 28;365(4):347-57. doi: 10.1056/NEJMra1003071
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http://www.ncbi.nlm.nih.gov/pubmed/21793746


Analysis purposes

• Detection of novel mutation associated with drug resistance

• Outbreak investigation and transmission analysis

• Differentiation between reinfection vs relapse

• Detection of variants associated with phenotypes

• Phylogentic analysis

• Etc.
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Strategies for shotgun sequencing

Nat Rev Genet. 2001 Aug;2(8):573-83
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Classical shotgun sequencing

International Human Genome Sequencing Consortium. Initial sequencing and analysis of the human genome. Nature 409, 863 (2001). 

Fill the gaps
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Sample types

• Cell sample types

– Single cell

– Population

– Communities (Metagenomics)

• Nucleic acid sample type

– DNA = genomics, epigenetics

– RNA = transcriptomic (and metatranscriptomics)

• Genome Sizes

– Whole Genome

– Targeted, e.g. exome sequencing 
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Omic analysis
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Basic terminology
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http://www.illumina.com/technology/next-generation-sequencing/paired-end-sequencing_assay.html

Paired-end read
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Read length

http://img.medscape.com/news/2014/wc_140606_dna_sequencing_mapping_reads_800x600.jpg 13



Region coverage
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Read depth (coverage) 

http://bamview.sourceforge.net/gfx/bv.gif

6X 5X

Number of bases /Genome length = estimated sequencing depth, e.g. 50X  

“Depth coverage”
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Significance of sequencing coverage
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Simplified illustration of the assembly process
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1. Re-sequencing 
2. De novo sequencing 

Sequencing assembly strategies 

De novo sequencing Re-sequencing

Contig

Scaffold Mapping reads to Ref.
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Variants

• SNPs

• Indels (small Indels)

• Copy number variants 

• Structural variants (large Indels/ 

inversion/ translocation etc. ) 

• Problematic region: repetitive 

region and PE/PEE genes, 

Hurles et, Trends in Genetics, 2007
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Robert Ekblom and Jochen B. W. Wolf. A field guide to whole-genome sequencing, assembly and annotation. Evolutionary Applications 2014. doi:10.1111/eva.12178

SDL
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Robert Ekblom and Jochen B. W. Wolf. A field guide to whole-genome sequencing, assembly and annotation. Evolutionary Applications 2014. doi:10.1111/eva.12178

SDL
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Robert Ekblom and Jochen B. W. Wolf. A field guide to whole-genome sequencing, assembly and annotation. Evolutionary Applications 2014. doi:10.1111/eva.12178

SDL
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High throughput 

sequencing platforms 
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Recommendation for data requirements 

for a selection of NGS applications

24



High-Throughput Sequencing Technologies

Nature Reviews Microbiology 10, 599-606 (September 2012) | doi:10.1038/nrmicro2850
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Fournier PE. Et al., Genome Med. 6 (11), 2014

High throughput sequencing platforms
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Nature Reviews Microbiology 10, 599-606 (September 2012) | doi:10.1038/nrmicro2850
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Applications of Sequencing Technologies

Nature Reviews Microbiology 10, 599-606 (September 2012) | doi:10.1038/nrmicro2850
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Illumina sequencing
• Illumina Hiseq 2500 sequencing

– Paired-end reads (2 x 250 bp) 

– 1 isolate = 2 files

- Read length

- Paired-end

- Sequencing read depth

- Sequencing error rate

- Cost

- Others

http://www.historyofnimr.org.uk/files/2015/04/illumina-large.gif
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http://www.intechopen.com/source/html/49419/media/image2.png 31



• https://www.youtube.com/watch?v=HMyCqWhwB8E

Animation of Illumina sequencing platform 
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Analysis pipeline
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Simple analysis pipeline

-QC (sequencing read checking) FastQC

-Trimming (to remove unwanted region of read) Trimmomatics

-Mapping (Map the raw reads to ref. e.g. H37Rv) BWA MEM

-Sam > Bam (BAM is smaller) Samtools

-Sorting BAM file (co-ordinate sort to genome) Samtools

-Indexing (data structuring for strings) Samtools

-Realignment (decrease mapping error) GATK

-Stat report (see info of mapping & parameters) Samtools/ GATK

-Variant calling (call the variant) Samtools

-Variant filtering (filter low quality variants) Samtools

-Varian annotation (to annotate the variant to the ref.) snpEff

Sideline analysis

-Phylogenetic analysis MEGA

-Variant comparisons Manual

-Others 

Not include Denovo assembly

Not include structural variants (SVs) 

Steps Purposes Example tools.fastq

results
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https://www.broadinstitute.org/gatk/guide/best-practices
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Workflow of a typical whole-genome sequencing analysis

Robert Ekblom and Jochen B. W. Wolf,
Evolutionary Applications 2014 36



Mapping using BWA- Install BWA

Using trimmed-paired reads 

from 2 DR isolates

(After QC and Trimming)
.sam

Create 6 files

Analysis pipeline of NGS IIlumina data (.fastq)

- BWA index H37Rv.fasta

- BWA mem R1 R2 (2 isolates)

to H37Rv

Indexing

Mapping

Sam to Bam

- Install Samtools

- Samtools view .bam

Sort Bam - Samtools sort .sort.bam

Index Bam

- Samtools index

.sort.bam.bai

Index by Samtools

- Samtools faidx H37Rv.fasta - Install GATK

Indel realigner 

.dict

- Install picard-tool
- Picard createsequence

dictionary H37Rv

.fai

-GATK RealignerTargetCreator RealinerTarget .sort.bamH37Rv

.intevals
(target intervals) 

-GATK IndelRealignerH37Rv .sort.bam .intevals

.realn.bam

.realn.bai

-GATK DeptOfcoverage .realn.bamH37RvStat 

Create 7 files 

of .reports

-Samtools flagstat

.flagstat

Stat 

Realignment 

using GATK

Statistical Report

Conversion and sorting

using Samtools
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.realn.bam

H37Rv

Index by Samtools

- Samtools faidx H37Rv.fasta - Install GATK

Indel realigner 

.dict

- Install picard-tool
- Picard createsequence

dictionary H37Rv

.fai

-GATK RealignerTargetCreator RealinerTarget .sort.bamH37Rv

.intevals
(target intervals) 

-GATK IndelRealignerH37Rv .sort.bam .intevals

.realn.bam

.realn.bai

Realignment 

using GATK

samtools mpileup

Bcftools view 

.raw.bcf

Intermediate.bcf

Samtools view | vcfutils.pl varFilter

.filt.vcf

Can do multiple files too, what is the different?

Should do separate or combined isolates 

So, it should be separate because 1. good coverage already  2. easier to compare later 3. reflect the actual situation

It should be combine for multiple sequence alignment and comparisons  

Variant calling 

and filtration

Variant annotation 

and evaluation
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Technical information 
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Consideration

• The tools that used in the analysis pipeline for WGS 

analysis of bacteria were mostly adopted from 

human genome project. 
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Related terms
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http://www.nature.com/nrg/journal/v12/n5/images/nrg2958-f2.jpg
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Heterozygous SNP

• The coverage that support both  Ref vs variant allele

• Whether or not it should be excluded, depend on biology

• Inside the vcf file can see the number 

Position    Ref          A C G T                N             Total

1

2

3

.

.
235        A          23             26                                                                    49  
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Source of false variant  

• Sequencing error: missing data at particular region

• Mapping error 

• Calling error: genotyping error (e.g. heterozygous)

• Software: parameters   

• Monomorphic SNP: unique to specific population

• Reference: the reference error 
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Fastq file format
• Each entry in a FASTQ file consists of four lines:

– Sequence identifier

– Sequence

– Quality score identifier line (consisting of a +)

– Quality score

NOTES:

1. If there are 1,000 raw sequence 

reads then there will be 4x1,000 

= 4,000 lines in the FASTQ file.

2. There should be the same 

number of sequences/lines in the 

corresponding FASTQ files if the 

sequencing run is paired-end.

1

2

3
4 45



VCF format
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Data processing

• Linux based software (open source)

(lacking of basic can make you headache)

Data Analysis

• R programming 
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New analyzer should aware

• Practice for Linux and how to use Terminal

• Symbolic and option of the bash language 

• Typing: beware a case sensitive letter

• Beware extra “space”, “tab”, “enter” that cause 

error to the command line

48



Practice in NGS analysis I 

49



Need to prepare

1. Copy all files (28 Gb) to your computer 

2. Install VirtualBox

3. Try to lunch the VM and setting share folder

4. Send me the e-mail (kiatichai@kku.ac.th) 
“asking for the code” 
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To run the command line tools, we use Unix based OS

- Linux

- Mac OSX

Window !?!? 

- We will use virtual machine (VirtualBox) based on linux OS

- All necessary software are preinstalled (normally you install by yourself)

- There are codes that can be copy and paste 

(normally you type yourself and there are options to consider)

Install Oracle VM VirtualBox >> Create VM by go to NEW 

>> Select Ubantu 64 bit >> Set System (CPU and Ram) >> Set Share folder

VirtualBox

Note There is a way to do “share folder” between host (Window) and VM (Ubantu), (you do it later)

51

64 bit OS system
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Be careful!!!

When you want to delete the old set up

DO NOT select “delete all file”

As all file will be gone.

Just choose remove only



Making share folder for VM

Share folder: please follow the step by step guide from

http://www.htpcbeginner.com/setup-virtualbox-shared-folders-linux-windows/

- Select both automount and permanent

- Select 
- Select the Folder location>>>> /media/sf_Share
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1

2

3

4

5

6

Select Setting >> 2. Select “Share Folder” >>>  3. Add new share folder >> 

4. Tick “Auto-mount” >> 5. Click drop down list of “Folder path” >> 

6. Select the “share” folder inside the “Workshop TB” where you copied your file >>

Then click OK

Making share folder for VM



Location of necessary file

• /usr/bin/ = for all miscellaneous software , e.g. samtools, bwa

• /usr/local/bin = for fastqc, trimmomatics, GenomAnalysisTK.jar, vcfutils.pl

• /home/user/program = TBprofiler, SpoTyping, snfEFF, piecard
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- There are 2 Mtb strains, 

- Illumina Miseq, paired, 250 bp read length, 50X read depth  

1.) TB1_259: (TB1_259_R1.fastq/ TB1_259_R2.fastq)

2.) TB2_260: (TB2_260 _R1.fastq/ TB2_260 _R2.fastq)

Tested strains
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Basic for using Terminal (Bash)

- File location and patch

- List the file = “ls”, “ls –alh”

- Go to particular directory by “cd”

- See the file by “ls”

- Hidden file = ./

- Refresh the terminal screen = Ctrl + l
- Others, you will know it when you do it, might stuck! but you can google it
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Simple analysis pipeline

-QC (sequencing read checking) FastQC

-Trimming (to remove unwanted region of read) Trimmomatics

-Mapping (Map the raw reads to ref. e.g. H37Rv) BWA MEM

-Sam > Bam (BAM is smaller) Samtools

-Sorting BAM file (co-ordinate sort to genome) Samtools

-Indexing (data structuring for strings) Samtools

-Realignment (decrease mapping error) GATK

-Stat report (see info of mapping & parameters) Samtools/ GATK

-Variant calling (call the variant) Samtools

-Variant filtering (filter low quality variants) Samtools

-Varian annotation (to annotate the variant to the ref.) snpEff

Sideline analysis

-Phylogenetic analysis MEGA

-Variant comparisons Manual

-Others 

Not include Denovo assembly

Not include structural variants (SVs) 

Steps Purposes Example tools.fastq

results
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QC: fastQ

$ fastqc ~/data/fastq/TB*.fastq -o ~/result/fastqc_result/

1

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/

$ fastqc -h

To see option

To run

There are 2 file “.html” + “.zip” for each fastq (8 files in total)

See the result of each read (R1 and R2) of both strains in “.html file”

Is that OK?

Note: You can compare the fastqc result before vs after trimming (do it later yourself)
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Quality Control: Bad Illumina Data

60



Trimming: Trimmomatic

http://www.usadellab.org/cms/index.php?page=trimmomatic 

• LEADING:3 = cut the base at the start of read when the score below 3

• TRAILING:3 = cut the base at the end of read when the score below 3

• SLIDINGWINDOW:4:15 = cut sliding window of 4 bps when the average score below 15

• MINLEN:75 = Exclude read below 75 bp

• TOPHRED33/64: for changing the offset of the quality score to the preferred format 

• HEADCROP: cut specific length of start of read

• CROP: 230 cut the read to specific length 

• ILLUMINACLIP: exclude the adaptor

Stringency is matter for the quality (but some data will be lost)

2
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Flow of reads in Trimmomatic Paired End mode 
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$ java -jar /usr/local/bin/trimmomatic-0.35.jar PE -phred33 

~/data/fastq/TB1_259_R1.fastq ~/data/fastq/TB1_259_R2.fastq 

~/result/trimming_result/TB1_259_pair_R1.fastq ~/result/trimming_result/TB1_259_unpair_R1.fastq 

~/result/trimming_result/TB1_259_pair_R2.fastq ~/result/trimming_result/TB1_259_unpair_R2.fastq 

LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:75

So, you can select only paired reads for the downstream analysis

See the result = 4 files for 1 strain: 2 paired + 2 unpaired reads

Do for the 2nd strain: TB2_260 strain

To run (for TB1_259 strain)

See the result = 8 files of the 2 strains

You can see that >90% (see output message) of the paired reads are survived 

$ java -jar /usr/local/bin/trimmomatic-0.35.jar PE -phred33 

~/data/fastq/TB2_260_R1.fastq ~/data/fastq/TB2_260_R2.fastq 

~/result/trimming_result/TB2_260_pair_R1.fastq ~/result/trimming_result/TB2_260_unpair_R1.fastq 

~/result/trimming_result/TB2_260_pair_R2.fastq ~/result/trimming_result/TB2_260_unpair_R2.fastq

LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:75

Note: You can do batch (many strain on one run),  you can find the option to do it later
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Commonly Used “short-read” DNA Mappers

• BWA

 http://bio-bwa.sourceforge.net/

• Bowtie2

 http://bowtie-bio.sourceforge.net/bowtie2/index.shtml

• MAQ

 http://maq.sourceforge.net/

• SMALT

 https://www.sanger.ac.uk/resources/software/smalt/

• NovoAlign

 http://www.novocraft.com/main/page.php?s=novoalign
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Mapping: BWA MEM3

http://bio-bwa.sourceforge.net/

3.1  Indexing the reference strain (for later mapping with tested stains)

$ bwa index ~/ref/refBWA/h37rv_sequence.fasta

However, h37Rv reference was indexed (No need to do this)

5 additional files will be added

Skipped

Note: Bowtie2 is another popular software for mapping but

– BWA: (BWT) is fast, detect small indels and good sensitivity 

65



3.2  mapping the trimmed read to the indexed H37Rv reference)

$ bwa mem ~/ref/refBWA/h37rv_sequence.fasta 

~/result/trimming_result/TB1_259_pair_R1.fastq 

~/result/trimming_result/TB1_259_pair_R2.fastq 

> ~/result/mapping_result/TB1_259.sam 

-R '@RG\tID:TB1_259\tSM:Mtb\tSW:bwa' 

Wait for a while, it take time for mapping

You will get TB1_259.sam in your result folder

-R: option to add the read group name 

$ bwa mem ~/ref/refBWA/h37rv_sequence.fasta 

~/result/trimming_result/TB2_260_pair_R1.fastq 

~/result/trimming_result/TB2_260_pair_R2.fastq 

> ~/result/mapping_result/TB2_260.sam 

-R '@RG\tID:TB2_260\tSM:Mtb\tSW:bwa' 

Do again for TB2_260 strain

Now you get 2 SAM file for 2 strains
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Practice in NGS analysis II 
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4.1  SAM to BAM conversion (to save space)

$ samtools view -bS ~/result/mapping_result/TB1_259.sam 

-o ~/result/mapping_result/TB1_259.bam

- Convert into the compressed files (binary format)

- Compressed around 600 Mb (for Mtb) into 180 Mb, per isolate

- For downstream analysis, you can delete SAM and keep BAM (to save space)

Do again for TB2_260 strain

$ samtools view -bS ~/result/mapping_result/TB2_260.sam 

-o ~/result/mapping_result/TB2_260.bam

Re-organization of mapped reads4
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4.2  Sorting the BAM files

$ samtools sort ~/result/mapping_result/TB1_259.bam 

~/result/mapping_result/TB1_259.sort

- The output will be “.sort.bam”

Do again for TB2_260 strain

$ samtools sort ~/result/mapping_result/TB2_260.bam 

~/result/mapping_result/TB2_260.sort
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Definitions
Indexing = preprocessing data for faster access e.g. suffix array/tree

Sorting = sort according to the genomic position  

Mapping = map to the reference  

Mapping software = BWA (MEM), BOWTIE2

Variant calling = GATK, Samtools
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4.3 Indexing the sorted BAM file

$ samtools index ~/result/mapping_result/TB1_259.sort.bam

- The output will be “.sort.bam.bai”

Do again for TB2_260 strain

$ samtools index ~/result/mapping_result/TB2_260.sort.bam
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5.1  Indexing the reference strain using samtool is required for GATK Realigner

(pre-indexed, so skip this step)

However, h37Rv reference was indexed by samtools (No need to do this)

additional files will be added

Skipped

samtools faidx ~/ref/refSamtool/h37rv_sequence.fasta

h37rv_sequence.fai

h37rv_sequence.dict

picard CreateSequenceDictionary R= ~/ref/refSamtool/h37rv_sequence.fasta  O=

h37rv_sequence.fasta.dict

Meaning; A sequence dictionary contains the sequence name, sequence length, genome assembly identifier, and other information about sequences. 

Realignment5
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Local Realignment around Indels

• The algorithms that are used in the initial mapping step tend to 
produce various types of artifacts. For example, reads that align on 
the edges of indels often get mapped with mismatching bases that 
might look like evidence for SNPs, but are actually mapping 
artifacts. The realignment process identifies the most consistent 
placement of the reads relative to the indel in order to clean up 
these artifacts. It occurs in two steps: first the program identifies 
intervals that need to be realigned, then in the second step it 
determines the optimal consensus sequence and performs the 
actual realignment of reads. 
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H37Rv C A G A T A A G A T G G T T

C A G A T A A A G G A T G G T T

A G A T A A  - - G A T G G

A G A T A A A G G A T G G

A G A T A  - A  - G A T G G

A G A T A A A G G A T G G

A G A T A A  - - G A T G G

A G A T A A A G G A T G G

G A T A A  - G G A T G G T T

A G A T A A  - G G A T G G T 

C A G A T A A  - G G A T

G = insertion

A = sequencing error

Read 1

Read 1

Read 2

Read 3

Read 4

H37Rv

Consensus calling: from the reads (multiple sequence realignment)

according to coverage of that particular interval

A G A T - A A  - G A T G G

A G A T A A A G G A T G G

A G A T A A - G A T G GH37Rv

A G A T A A G G A T G G

interval
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5.2 Create Realigner Target (RealignerTargetCreator)

$ java -Xmx4g -jar ~/program/GenomeAnalysisTK.jar 

-T RealignerTargetCreator –R ~/ref/refSamtool/h37rv_sequence.fasta 

-I ~/result/mapping_result/TB2_260.sort.bam 

-o ~/result/mapping_result/TB2_260.sort.bam.intervals

Do again for TB2_260 strain

$ java -Xmx4g -jar ~/program/GenomeAnalysisTK.jar

-T RealignerTargetCreator -R ~/ref/refSamtool/h37rv_sequence.fasta 

-I ~/result/mapping_result/TB1_259.sort.bam 

-o ~/result/mapping_result/TB1_259.sort.bam.intervals

- The output will be “bam.intervals”
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5.3 to do realignment (IndelRealigner)

$ java -Xmx4g -jar ~/program/GenomeAnalysisTK.jar -T IndelRealigner

-R ~/ref/refSamtool/h37rv_sequence.fasta

-I ~/result/mapping_result/TB2_260.sort.bam

-targetIntervals ~/result/mapping_result/TB2_260.sort.bam.intervals

-o ~/result/mapping_result/TB2_260.realn.bam

Do again for TB2_260 strain

$ java -Xmx4g -jar ~/program/GenomeAnalysisTK.jar -T IndelRealigner

-R ~/ref/refSamtool/h37rv_sequence.fasta

-I ~/result/mapping_result/TB1_259.sort.bam

-targetIntervals ~/result/mapping_result/TB1_259.sort.bam.intervals

-o ~/result/mapping_result/TB1_259.realn.bam

- The 2 output files will be “.realn.bam” + “.realn.bai”
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Stat report6

-This step might take time, e.g. > 5 min (if it take too long, you can do it back home)

-There are 7 report files, the “.bam.report” tell coverage or read depth of each 

position

6.1 Coverage report by GATK

This step is just provide you the QC information of mapping, 

the output is not necessary for the downstream analysis

$ java -Xmx4g -jar ~/program/GenomeAnalysisTK.jar 

-T DepthOfCoverage -R ~/ref/refSamtool/h37rv_sequence.fasta 

-I ~/result/mapping_result/TB1_259.realn.bam 

-o ~/result/stat_result/TB1_259.realn.bam.report

$ java -Xmx4g -jar ~/program/GenomeAnalysisTK.jar 

-T DepthOfCoverage -R ~/ref/refSamtool/h37rv_sequence.fasta 

-I ~/result/mapping_result/TB2_260.realn.bam 

-o ~/result/stat_result/TB2_260.realn.bam.report

Do again for TB2_260 strain
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-There is 1 output file: tell the % of mapped reads and mapped paired-reads

6.2 Flagstat report by SAMtools

$ samtools flagstat ~/result/mapping_result/TB1_259.realn.bam 

> ~/result/stat_result/TB1_259.realn.bam.flagstat

$ samtools flagstat ~/result/mapping_result/TB2_260.realn.bam 

> ~/result/stat_result/TB2_260.realn.bam.flagstat

Do again for TB2_260 strain
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Variant calling using SAMtools7

- You can use other tool (such as GATK)  to call the variant

- The intersect set of variants between SAMtools and GATK might be used.

- For this practice, we will use only SAMtools for variant calling 

$ samtools mpileup -B -Q 20 -d 2000 -C 50 -ugf

~/ref/refSamtool/h37rv_sequence.fasta 

~/result/mapping_result/TB1_259.realn.bam | bcftools view -bvcg - > 

~/result/calling_result/TB1_259.raw.bcf

$ samtools mpileup -B -Q 20 -d 2000 -C 50 -ugf

~/ref/refSamtool/h37rv_sequence.fasta 

~/result/mapping_result/TB2_260.realn.bam | bcftools view -bvcg - > 

~/result/calling_result/TB2_260.raw.bcf

- You can see the meaning of the option by “samtools mpileup”, and then enter 

- You can also see option of “bcftools view” 

- The output = “.raw.bcf ” file contain un-filtered variants in BCF (binary) format  

Do again for TB2_260 strain

7.1 variant calling using SAMtools

This step also take time!
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7.2 BCF to VCF conversion

$ bcftools view ~/result/calling_result/TB1_259.raw.bcf > 

~/result/calling_result/TB1_259.raw.vcf

$ bcftools view ~/result/calling_result/TB2_260.raw.bcf > 

~/result/calling_result/TB2_260.raw.vcf

Do again for TB2_260 strain

This step is just simply converse BCF to VCF file format

So, the output = un-filter variants in the VCF format
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7.3 Variant filtration

$ vcfutils.pl varFilter -d 10 -D 2000 -Q 20 ~/result/calling_result/TB1_259.raw.vcf > 

~/result/calling_result/TB1_259.filt.vcf

$ vcfutils.pl varFilter -d 10 -D 2000 -Q 20 ~/result/calling_result/TB2_260.raw.vcf 

> ~/result/calling_result/TB2_260.filt.vcf

Do again for TB2_260 strain

Then, we want to filter some low quality variants

Notably, the sensitivity to detect the variants might decrease, depending on the stringency  

- You can see the meaning of the option by “vcfutils.pl varFilter ”, and then enter

- Here, we exclude the variants with <20 mapping quality and <10 read depth 
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Variant annotation using snpEff8

- Too much detail of variant annotation using snpEFF can be covered in 

this practice, recommend to read the manual yourself

- The objective of this practice is get the concept to use the software

- snfEff required database (H37rv ref.), need to prepare this before running 

the program, please refer to the manual (the step is skipped, as it pre-

installed in VM)

Not all SNPs you want to know the annotation, 

so you can selectively see the annotation of SNP of interest, 
e.g. after SNPs comparisons between strains 
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8.1 change the heading of the vcf file to compatible with the databases

- This step is the trouble shooting step. If you do not change the header of the vcf file, 

when you run the snpEff in step 2.8.2, the error message will pop up. 

- If you face the trouble, You can find the suggestion in the discussion forum, google it! 

- You can change the header manually but it is not practical.

Here we will use a short script to edit the header.  

$ cd ~/result/calling_result/

go to the location of your vcf file

change the header of the vcf file

$ ls *.vcf | while read line; do sed 's/gi|448814763|ref|NC_000962.3|/NC_000962/' 

$line > rewrite.$line; done

The output of the 2 strains = “rewrite………… filt.vcf” 
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8.2 running the annotation using snfEFF

$ for A in ~/result/calling_result/rewrite*.vcf;

do

B=${A%.vcf}.ann.vcf;

C=${A%.vcf}.ann.html;

java -jar ~/program/snpEff/snpEff.jar m_tuberculosis_H37Rv $A > $B -s $C;

done

- There are 3 outputs = “.filt.ann.vcf” + “.html” + “.genes.txt” 

- You can see the content inside the each of output files

- you can see the additional information from the annotated file (compare to the 

un-annotated  filt.vcf one)

- Again, too much detail can be covered for the annotation output, please read 

the manual of snpEFF yourself.  

* This is the example of “loop command” to run multiple strains in one command 
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Example output from SnpEff
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Variation annotation : functional consequences

ATG AAAAAAA

Regulatory

3’ UTRIntronic

CODING

Non-synonymous

CODING

Synonymous

Splice site5’ Upstream 5’ UTR 3’ 

Downstream

Laura Clarke, 2013
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Sideline analysis (variant comparison)9

$ java -Xmx2g -jar ~/program/GenomeAnalysisTK.jar -T CombineVariants

--genotypemergeoption UNIQUIFY -R ~/ref/refSamtool/h37rv_sequence.fasta 

-V:TB1 ~/result/calling_result/TB1_259.filt.vcf 

-V:TB2 ~/result/calling_result/TB2_260.filt.vcf 

-o ~/result/sideline_result/unionTB1_TB2.filt.vcf

$ java -Xmx2g -jar ~/program/GenomeAnalysisTK.jar -T SelectVariants -R 

~/ref/refSamtool/h37rv_sequence.fasta -V:IntersectTB1_TB2 

~/result/sideline_result/unionTB1_TB2.filt.vcf -select 'set == "Intersection";' -o 

~/result/sideline_result/intersectTB1_TB2.filt.vcf

#9.1 Union of the 2 strains

#9.2 Intersect of the 2 strains

There are 2 output files = .vcf + .idx
You can see the union set of variants between the 2 strains from “.vcf” file

You can see the intersection set of variants between the 2 strains from “.vcf” file
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$ java -Xmx2g -jar ~/program/GenomeAnalysisTK.jar -T SelectVariants

-R ~/ref/refSamtool/h37rv_sequence.fasta -V:uniqueTB1 

~/result/sideline_result/unionTB1_TB2.filt.vcf -select 'set == "TB1";' -o 

~/result/sideline_result/uniqueTB1.filt.vcf

$ java -Xmx2g -jar ~/program/GenomeAnalysisTK.jar -T SelectVariants

-R ~/ref/refSamtool/h37rv_sequence.fasta -V:uniqueTB2 

~/result/sideline_result/unionTB1_TB2.filt.vcf -select 'set == "TB2";' -o 

~/result/sideline_result/uniqueTB2.filt.vcf

#9.3 Unique for TB1_259 strain

#9.4 Unique for TB2_260 strain

$ grep -vc '^$' ~/result/calling_result/rewrite.TB1_259.filt.vcf

To count the number of variant (line) you can use the command below

## This is count all lines, so excluding the header line = number of variant lines
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TB1_259 TB2_260

30 721417

- Number of variant include both SNPs and Indel

- The number of variant can be further filtered, e.g. excluding of 

- SNPs with < 20% of read depth to support
- heterozygous SNPs with allelic frequencies <75 % 

Venn diagram comparing the number of variants between the 2 strains
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Visualization

• Integrative Genomics Viewer (IGV)

 http://www.broadinstitute.org/igv/

• Artemis/ACT

 http://www.sanger.ac.uk/resources/software/artemistview (samtools)

• BAMView

 http://bamview.sourceforge.net/

• Tablet

 http://bioinf.scri.ac.uk/tablet/
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Visualization - IGV

BRIEFINGS IN BIOINFORMATICS. VOL 14. NO 2. 178 ^192

95



Assignment
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Assignments

1. Mtb 1 versus Mtb 2

2. Mtb 1 versus Mtb 3

3. Mtb 1 versus Mtb 4

4. Mtb 2 versus Mtb 3

5. Mtb 2 versus Mtb 4

6. Mtb 3 versus Mtb 4

4 genome of M. tuberculosis: 6 pairs

Each pair match to the successive number of student ID from the registration
Copy from your friend will be punished by 50% subtraction of the actual score.
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- Submit the code for each step 

- Submit the Venn diagram describing the number of SNP from the comparative analysis 

and Stat of each genome such as to total read count, read depth, mapped read etc. 

- OPTION: Submit the function of the unique SNPs from each strain

one code txt file (file name =  Mtb1 vs Mtb 2_your Name, e.g. 1vs2_code_Orawee Kaewprasert) 

one MS Word  for Venn diagram (file name, similar = 1vs2_Venn_Orawee Kaewprasert)

Option for description of function of unique SNP (annotated SNPs)

Within  2 weeks after the lectures

From each comparative analysis of 2 strains you received

Mtb 1 Mtb 2 Stats Mtb1 Mtb2

Total read count of raw 

fastq file

%Mapped reads

Read depth

Etc.

100 300 80
Code file

1vs2_code_Orawee Kaewprasert1vs2_Venn_Orawee Kaewprasert



Thank you for your attention
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