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Get the data

•NGS raw read

•Reference sequence



How to get NGS data?

• Sequence your samples

• Existing NGS data

• The Sequence Read Archive (SRA)

• ENCODE: Encyclopedia of DNA Elements

• Specific resources

• 150 Tomato Genome ReSequencing project  

• (http://www.tomatogenome.net/)



Sequence Read Archive (SRA)

• An international public resource for NGS data 

• Operated by the International Nucleotide Sequence Database 

Collaboration (INSDC)

• INSDC partners include 

• National Center for Biotechnology Information (NCBI), 

• European Bioinformatics Institute (EBI) 

• DNA Data Bank of Japan (DDBJ)

Nucleic Acids Res. 2011 Jan; 39(Database issue)



Sequence Read Archive (SRA)
https://www.ncbi.nlm.nih.gov/sra/



From NGS to SRA workflow





The SRA grown rate

- 65% of the SRA was human genomic sequence, 1000 Genome Project

- SRA relies on the NCBI SRA Toolkit

https://en.wikipedia.org/wiki/Human_genome


Sequence Read Archive (SRA)
https://www.ebi.ac.uk/ena



DDBJ Sequence Read Archive (DRA)
https://www.ddbj.nig.ac.jp/dra/



ENCODE: Encyclopedia of DNA Elements



150 Tomato Genome Resequencing Project



Metagenomics analysis

Microbial community composition and function insights

www.ebi.ac.uk/metagenomics

113993 data sets



Where are reference genome sequences?

• GenBank





Sequence alignment

• “Most common but one of the most powerful process in Bioinformatics”

• nucleotide or amino acid residues

• Global alignment : 

• Suite for similar sequences 

“ span the entire length of all query sequences”

• Local alignment

“identify regions of similarity within long sequences 

that are often widely divergent overall”



Local vs. Global Alignment

• Global Alignment

• Local Alignment—better alignment to find 

conserved segment

--T—-CC-C-AGT—-TATGT-CAGGGGACACG—A-GCATGCAGA-GAC
|  || |  ||  | | | |||    || | | |  | ||||   |

AATTGCCGCC-GTCGT-T-TTCAG----CA-GTTATG—T-CAGAT--C

TCCCAGTTATGTCAGGGGACACGAGCATGCAGAGAC

||||||||||||

AATTGCCGCCGTCGTTTTCAGCAGTTATGTCAGATC



Sequence alignment

• A consequence of functional

• Structural

• Evolutionary

• A common ancestor, mismatches can be interpreted as point mutation

and gaps as indels introduced in one or both lineages in the time since 

they diverged from one another. 



FASTA format

• Text based format

• 80 -120 characters



Common identifier



Fasta file extension

“Extract a small part from long sequence”



How to do alignment ?

BLAST

https://blast.ncbi.nlm.nih.gov/Blast.cgi



Command-line BLAST+

• Custom database using set of nucleotides/proteins

ftp://ftp.ncbi.nlm.nih.gov/blast/executables/blast+/LATEST/



BLAST output

• Bit score (S)

• Expect value (E-value)

• Nucleotide :1E-3

• Amino : 1E-6 

• Identities

• Gaps

• Strand



25

mutation: a nucleotide at a certain location is replaced by 
another nucleotide (e.g.: ATA → AGA)

insertion: at a certain location one new nucleotide is 
inserted inbetween two existing nucleotides 
(e.g.: AA → AGA)

deletion: at a certain location one existing nucleotide 
is deleted (e.g.: ACTG → AC-G)

indel: an insertion or a deletion

Causes for sequence (dis)similarity



Sequence alignment for NGS data

• Alignment; “mapping”

• Re-sequencing

• Reference sequence -> Genome

• Detecting variation in samples

• Allow mismatch alignment



Alignment types (NGS applications)

•Whole-genome sequencing. 
sequence all DNA from an organism and map it to the appropriate 
reference sequence, to find genetic variation.

•Exome sequencing. 
For large genomes (e.g., human), capture just the exomic DNA 
before sequencing. 

•Transcriptome sequencing (RNA-Seq). 
Mapping can be done either to the full reference sequence, or to a 
special "transcriptome reference".

•ChIP-Seq (Protein-DNA interaction).



Multiple sequence alignment (MSA)

• used in identifying conserved sequence regions

• establishing evolutionary relationships by constructing phylogenetic trees

• "alignment space“

• computationally expensive in both time and memory



Aim of MSA

• Grouping samples 

• Consensus sequence



A brief flow chart of genetic studies using 
NGS

Ye H, et al. Pharmaceutics. 2015 Nov 23;7(4):523-41



Get to know NGS

File format: FASTQ (raw data)

NCBI Sequence Read Archive



Get to know NGS

Coverage/Depth

“Coverage” is simply the average number of 
reads that overlap each true base in genome.



Get to know NGS

Base Quality (Q) Perror(obs. base) Base call accuracy

3 50 % 50%

5 32 % 68%

10 10 % 90%

20 1 % 99%

30 0.1 % 99.9%

40 0.01 % 99.99%

What is a base quality?
- Give a base calling error information.
- The first is the standard Sanger known as Phred quality (Q)

https://en.wikipedia.org/wiki/Phred_quality_score


Q scores and ASCII characters



How to check NGS data quality

• FASTQC

• A Java Runtime Environment

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

The main functions of FastQC are

• Import of data from BAM, SAM or FastQ files (any variant)

• Quick overview

• Summary graphs and tables 

• HTML based permanent report

• Offline operation



Average Q scores is a bad idea

Q scores in read Avg. Q
Expected number of 

errors

140 x Q35 + 10 x Q2 33 6.4 !

150 x Q25 25 0.5



QC and sequence manipulation

FASTX-Toolkit Short-Reads FASTA/FASTQ files preprocessing suite

Joshi NA, Fass JN. (2011). Sickle: A sliding-window, adaptive, quality-based trimming tool for FastQ files (Version 1.33) [Software]. 

fastx_trimmer



QC and sequence manipulation

FASTQC



FASTQC
Good data



FASTQC
Bad data



FASTQC

- Trim bad sequence
- Remove bad quality sequences



FASTQC

- Trim bad sequence
- Remove bad quality sequences



FASTQC

- Remove duplicate sequences



FASTQC

- Remove adaptors



QC and sequence manipulation

Sickle A windowed adaptive trimming tool for FASTQ files using quality

Joshi NA, Fass JN. (2011). Sickle: A sliding-window, adaptive, quality-based trimming tool for FastQ files (Version 1.33) [Software]. 

Available at https://github.com/najoshi/sickle.



Alignment; “mapping”

• Re-sequencing

• Reference sequence -> Genome

• Detecting variation in samples

• Allow mismatch alignment



Timeline of NGS read aligners

• More than 20 tools



Read mapping/alignment

• Bowtie

• BWA / Burrows-Wheeler Aligner

• MAQ Mapping and Assembly with Quality

• BFAST

• SOAP



Aligned reads



NGS alignment format

• The SAM/BAM format

• “samtools”



• SAM = text, BAM = binary

SRR013667.1 99 19 8882171 60 76M = 8882214 119 
NCCAGCAGCCATAACTGGAATGGGAAATAAACACTATGTTCAAAGCAGAGAAAAT
AGGAGTGTGCAATAGACTTAT 
#>A@BABAAAAADDEGCEFDHDEDBCFDBCDBCBDCEACB>AC@CDB@>>CB?>B
A:D?9>8AB685C26091:77

Read name Flag Reference Position CIGAR Mate Position

Bases

Base Qualities

Alignment format: SAM/BAM

SAM stands for Sequence Alignment/Map format.

Get to know NGS

Quality



Post-alignment manipulation

• Samtools (http://samtools.sourceforge.net/)

• Is flexible

• Is simple 

• Indexed by genomic position

• Is compact in file size

• Save memory



SNP Discovery: Goal

sequencing errors SNP



SNP calling with samtools pipeline

• Samtools (http://samtools.sourceforge.net/)

• Is flexible

• Is simple 

• Indexed by genomic position

• Is compact in file size

• Save memory

• bcftools

• mpipeup



Variant Calling format: VCF

##fileformat=VCFv4.0 

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT NA00001 NA00002
NA00003

20 14370 rs6054257 G A 29 PASS NS=3;DP=14;AF=0.5;DB;H2 GT:GQ:DP:HQ 
0|0:48:1:51,51 1|0:48:8:51,51 1/1:43:5:.,. 

Genotype Genotype quality Read depth Haplotype qualities

# samples Combined depth Allele frequency In dbSNP? In HapMap2?



SNP manipulation & filtering

• Vcftools (vcftools.github.io)

• Filter out specific variants
• Compare files
• Summarize variants
• Convert to different file types
• Validate and merge files
• Create intersections and subsets of variants

Other popular tools

GATK: for selecting variants 

R and Bioconductor: VariantFiltering

snpEff: SNP annotation

https://vcftools.github.io/index.html


Hapmap (“Haplotype Map”)

International HapMap Consortium (2001)



Post-alignment manipulation

• Viewing the alignment

• Integrative Genomics Viewer
SAM to BAM

samtools tview



jBrowse

gwasviewer

https://github.com/elsiklab/gwasviewer


Galaxy

• Galaxy is an open source

• web-based platform for data intensive biological research

• NGS data analysis

• Offline environmental

• Tool Shed – flexible for installing tools to Galaxy

https://usegalaxy.org/



Thank you for your attention


