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Genomics

Proteomics Phylogenetics

Transcriptomics

Radiomics

Bioinformatics

What is bioinformatics?



NGS technologies

Sanger DNA
Sequencing

Since 1977

Microarrays

Since mid-1990s

3rd generation & 
single-molecule
sequencing

Since 2010

2nd generation
sequencing

Since 2007

NGS / High-throughput



• De novo sequencing
• Targeted DNA sequencing
• NGS sequencing validation
• Microbial sequencing
• Mitochondiral sequencing

NGS technologies

Sanger Microarray

• Comparative genomics
• Gene expresión profiling
• Clinical diagnostics
• Metylation analysis



NGS technologies



NGS technologies
Platform

(Company)
Chemistry Read length 

(bp)
No. 

reads
Raw error 

rate (%)
Applications

454
(Roche)

Pyro-
sequencing

700 1x106 1 Bacterial and viral genomes, multiplex PCR, 
validation of point mutations, targeted 

somatic-mutation detection

HiSeq
(Illumina)

Synthesis 150x2 5x109 0,8 Complex genomes (human, mouse and 
plants) and genome-wide NGS, RNA-seq, 
hybrid capture or multiplex-PCR, somatic-
mutation detection, forensics, noninvasive

prenatal testing
MiSeq

(Illumina)
Synthesis 300x2 3x108 0,8

SOLiD
(Thermofisher)

Ligation 50 1x109 0,01 Complex genomes and genome-wide NGS, 
RNA-seq, hybrid capture or multiplex-PCR, 

somatic-mutation detection

Ion Torrent
(Thermofisher)

Synthesis 200-400 6x107 1,7 Multiplex-PCR, microbiology and infectious 
diseases, somatic-mutation detection, 

validation of point mutations

3rd generation

SMRT
(Pac Bio)

Real-time SMS > 10,000 1x106 12,9 Complex genomes, microbiology and 
infectious-disease genomes, transcript-
fusion detection, methylation detection

MinION
PromethION

(Oxford Nanopore)

Real-time SMS > 5000 6x104 34 Pathogen surveillance, targeted mutation 
detection, metagenomics, bacterial and 

viral genomes

Jerzy K. Kulski (January 14th 2016). Next-Generation Sequencing — An Overview of the History, Tools, and “Omic” Applications, Next Generation 
Sequencing - Advances, Applications and Challenges, Jerzy K Kulski, IntechOpen, DOI: 10.5772/61964



NGS chemistry overview

A. Library Preparation

B. Cluster Amplification

• Bridge PCR

• Emulsion PCR

C. Sequencing

• Pyrosequencing

• Sequencing by synthesis

• Ion semiconductor sequencing

• Sequencing by ligation

• Real-time SMS No PCR!!

D. Alignment/mapping and Data Analysis



Types of libraries

Single-end sequencing

Paired-end sequencing

Library preparation



Types of libraries

Mate-pair sequencing



Bridge PCR



Emulsion PCR



Pyrosequencing
Roche

ppi
APS

ATP Luciferine

LIGHT

• Large read lenghts generation
• High reagent cost
• High error rate over strings of 6+ homopolymer



Sequencing by synthesis
Illumina

• Overcomes homopolymer issue due to terminated
nucleotides

• Increased error rate with read length



Ion semiconductor
Ion Torrent - Thermofisher

• Similar to pyrosequencing, but measures the release of H+  
instead of pyrophosphate

• More cost-effective and time-efficient



Sequencing by ligation
SOLiD- Thermofisher

• Oligonucleotide probes used rather than DNA polymerase
• Very short read lengths



Real-time SMS
Pac Bio

• Non-stop sequencing, no need to “wash and scan”
• DNApol fixed at the bottom of the well, the laser detector 

aims at the active site



Real-time SMS
Oxford Nanopore

• Non-stop sequencing, no need to “wash and scan”
• High error rate, this technology is still improving



Applications

Whole Genome Sequencing
(WGS)

Variant Calling

RNA-seq

De novo sequencing

Metagenomics



FASTA - FASTQ

>NP_414878.1 beta-galactosidase
MTMITDSLAVVLQRRDWENP... 

@SRR010930.8436795/1
ACCCCAGGATCAACACTTCACATGCATTAGCAG
+
=>=??A?<@B@A:?B?D;AC@@CAAAD<AAA:9

• Fasta
• .fasta
• .fa

• Fastq
• .fastq
• .fq

Header

Sequence

Quality



PHRED quality

• Encodes the probability of an erroneous call
• Phred quality score Q = -10 log10 P
• Base-calling error probabilities P = 10 –Q/10

• ASCII encoding

Example: call with Q = 30 has error probability P = 10-3 = 1 in 1000

Encoding !    “    #    $     %    &    ‘    (    )    *    +     ,      - .     /      0     1     2     3     4

Q score 0   1    2    3     4     5    6   7   8    9   10  11  12   13  14   15   16   17   18   19



Computing requirements

Conditioned data center (server roms)
Computing cluster
Many computer nodes (servers)
High performance and storage capacity
Fast networks
Sysadmins and developers



Computational infrastructure

• 44 computer nodes
• 600 CPUs
• 11 TB RAM memory
• 1 PB storage capacity

Public resource devoted to the storage and analysis of data coming from: 
1. Precision medicine data
2. Bioimage
3. Biomedical data

The use of the cluster is open to public institutions and research groups in 
the Comunitat Valenciana working in biomedical fields.

ubb@cipf.es



Cloud computing

• Flexibility
• You pay what you use
• Don’t need to mantain a data center

• Transfer datasets through the internet is slow
• Lower performance
• Privacy and security concerns
• More expensive for big and long term projects



Basic workflow

Sequencing preprocesing

Alignment

Visualization

Variant calling

Variant annotation

RNA-Seq preprocessing

Prioritization

RNA-Seq data analysis

Functional analysis

Fastq

Fastq

BAM

BAM

VCF Count matrix
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RNAseq pipeline
quality of raw reads

trimming and filtering

quality of trimmed reads

indexing and mapping

quality of mapped reads

counting

Normalization and differential
expression



Metagenomics pipeline
assembly

contig filtering

contig annotation

mapping against the assembly

counting

percentage of species

Function association



NGS tools
FastQC

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

Quality control

Blast2GO
https://www.blast2go.com/

Functional annotation and analysis

Cutadapt
https://cutadapt.readthedocs.io/en/stable/

Trimming: remove adaptors and other sequences

Samtools
http://www.htslib.org/

Work with SAM/BAM/CRAM files

Bowtie2
http://bowtie-bio.sourceforge.net/bowtie2/index.shtml

Alignment

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

Work with VCF files

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

Alignment

GATK
https://software.broadinstitute.org/gatk/

From variant discovery to metagenomics

STAR
https://github.com/alexdobin/STAR

RNA-seq aligner

HISAT2
http://ccb.jhu.edu/software/hisat2/index.shtml

RNA / DNA aligner

https://www.bioinformatics.babraham.ac.uk/projects/fastqc/
https://www.blast2go.com/
https://cutadapt.readthedocs.io/en/stable/
http://www.htslib.org/
http://bowtie-bio.sourceforge.net/bowtie2/index.shtml
https://vcftools.github.io/index.html
http://bio-bwa.sourceforge.net/
https://software.broadinstitute.org/gatk/
https://github.com/alexdobin/STAR
http://ccb.jhu.edu/software/hisat2/index.shtml


NGS tools
Cufflinks

http://cole-trapnell-lab.github.io/cufflinks/

Transcriptome assembly and differential expression

Mothur
https://www.mothur.org/

Microbial ecology toolbox

ABySS
https://github.com/bcgsc/abyss

de novo sequence assembler (large genomes)

Bismark
https://www.bioinformatics.babraham.ac.uk/projects/bismark/

Bisulfite converted sequence reads – cytosine methylation

SPAdes
http://cab.spbu.ru/software/spades/

Genome assembler (small genomes)

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

Alignment

GLIMMER
https://ccb.jhu.edu/software/glimmer/

Gene predictor - microbial DNA

Augustus
http://bioinf.uni-greifswald.de/augustus/

Gene predictor – eukaryotic DNA

IGV
https://software.broadinstitute.org/software/igv/

Genome visualization

Quiime2
https://qiime2.org/

Microbiome bioinformatics platform

http://cole-trapnell-lab.github.io/cufflinks/
https://www.mothur.org/
https://github.com/bcgsc/abyss
https://www.bioinformatics.babraham.ac.uk/projects/bismark/
http://cab.spbu.ru/software/spades/
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://ccb.jhu.edu/software/glimmer/
http://bioinf.uni-greifswald.de/augustus/
https://software.broadinstitute.org/software/igv/
https://qiime2.org/


NGS tools



NGS tools



NGS tools
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Databases



Databases



Databases



Databases
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Databases



Databases



Databases

GEO DataSets



Databases

GEO Profiles



THANKS!



BAM/SAM

@HD – Header
• VN:1.0 – SAM format version
• SO: unsorted – sorting 

@SQ – Reference sequence dictionary
• SN: … – Sequence name
• LN: … – Length 

@PG – Program
• ID: … - ID of the program
• PN: … - Program name
• VN: … - Version



BAM/SAM

1. Query Name – Read name
2. FLAG – Alingment properties 
3. RNAME – Reference sequence name
4. POS – Alingment start position
5. MAPQ – Alingment quality
6. CIGAR – Alignment operations

7. RNEXT – Mate sequence name
8. PNEXT – Mate alignment position
9. TLEN – Template length
10. SEQ – Read sequence
11. Qual – Read quality (FASTQ like)

1 2 34 5 6 7 8 9

10
11

Optional

https://broadinstitute.github.io/picard/explain-flags.html
http://samtools.github.io/hts-specs/SAMtags.pdf


VCF


