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How are we going to do it?

Ac t ive  le a rn in g
• q u e s t io n s
• id e a s



Quiziiz

Ru le s

1. P e o p le  a re  fre e  t o  p a rt ic ip a t e , it  is  n o t  m a n d a t o ry.
2. 4 5 se c o n d s  t o  a n sw e r e a c h  q u e s t io n
3. An sw e rin g  w e ll a n d  q u ic k ly g ive s  m o re  p o in t s  

Th in k  c a re fu lly yo u r a n sw e r



Question 1

https://quizizz.com/?lng=es-ES

https://quizizz.com/?lng=es-ES
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Omic data



Metagenomics: Intro



A little bit of history...

Metagenomics : application of genomics
techniques without the need to do cell
cultures in order to study a microbial
community .



Question 2



Un poco de historia…

Microscope and staining (e.g. Gram)

Cell cultures



Un poco de historia…



What is Next -Generation 
Sequencing?
● The high demand for low-cost sequencing has driven the development of high-throughput

sequencing (or next-generation sequencing) technologies that parallelize the sequencing process,
producing thousands or millions of sequences concurrently.

● High-throughput sequencing technologies are intended to lower the cost of DNA sequencing
beyond what is possible with standard dye-terminator methods.



Illumina sequencing



Illumina sequencing



Illumina sequencing



Fastq format



Fastq format



Fastq format



GAIA

https://metagenomics.sequentiabiotech.com/gaia/

https://metagenomics.sequentiabiotech.com/gaia/


Applications



Applications
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Strategy: amplicon -based

Amplicon metagenomics

computationally inexpensive

economically cheap

kingdom - limited

lack of functional identification

family/genus level
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Strategy: amplicon -based

Amplicon metagenomics

computationally inexpensive

economically cheap

kingdom - limited

lack of functional identification

family/genus level

Eukaryotes (non fungi) . 18S rRNA sequencing. 
Source: Jang- Seu Ki. 2012. doi: 10.1007/s10811- 011- 9730- z



Strategy: amplicon -based

Amplicon metagenomics

computationally inexpensive

economically cheap

kingdom - limited

lack of functional identification

family/genus level
Fungi . ITS sequencing. 

Source: Bellemain, et al. 2010. doi: 10.1186/1471- 2180- 10- 189

Hypervariable

Conserved



Strategy: amplicon -based

Amplicon metagenomics

computationally inexpensive

economically cheap

kingdom - limited

lack of functional identification

family/genus level

Sequencing platforms commonly used
Roche 454 → 400- 700 bp (obsolete)
Illumina MiSeq v3 → 2 x 300  bp
Ion PGM → 400 bp



Question 4



Moore's Law



Strategy: shotgun

Amplicon metagenomics

computationally inexpensive

economically cheap

kingdom - limited

lack of functional identification

family/genus level

Shotgun metagenomics

Whole Genome Sequencing 
(WGS) metagenomics Metatranscriptomics

strain level

functional identification of 
expressing genes

differential expression between 
conditions

computationally expensive

economically expensive (++)

strain level

functional identification

unable to know the gene 
expression abundance

computationally expensive

economically expensive (+)



Strategy: shotgun

Sequencing platforms commonly used
Illumina MiSeq v3 → 2 x 300  bp

Illumina NextSeq 500 → 2 x 150 bp
Illumina HiSeq 3000 → 2 x 150 bp



Question 5



Strategy: shotgun



Bioinformatic approaches

Suitable for 
amplicon - based
metagenomics

Suitable for  
amplicon - based

and shotgun -
based

metagenomics



Bioinformatic approaches

Suitable for 
amplicon - based
metagenomics

Suitable for  
amplicon - based

and shotgun -
based

metagenomics
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Bioinformatic limitations

1. There is still room for improvement in terms of accuracy
2. The vast major ity of tools only work on prokaryotes
3. Lack of true user- friendly in ter faces for the vast major ity of the

pipelines
4. Computational power and data storage required
5. High processing time



GAIA: pipeline

Mapping against
database (BWA)

Lower Common Ancestor 
(LCA) algorithm

Identity thresholds

OTU tables

Alpha/beta diversities 
calculation

Differential abundance 
analysis (DESeq2)

Trimming

FastQ datasets



GAIA: OTU table



GAIA: benchamrk

precision = # classified reads correctly / 

# classified reads

recall = # classified reads correctly / # 

total number of reads

F- measure = harmonic mean of 

precision and recall



GAIA

gaia.sequentiabiotech.com

http://www.gaia.sequentiabiotech.com


Question 7



GAIA

1. There is still room for improvement in terms of accuracy
2. The vast major ity of tools only work on prokaryotes
3. Lack of true user- friendly in ter faces for the vast major ity of the

pipelines
4. Computational power and data storage required
5. High processing time



Future

● Portable everywhere
● 10 min library preparation
● Reads of up to tens of kbp

Drawbacks of Oxford Nanopore

● High error rate (~15%for R9 release)
● Low- coverage
● ~250bp/s (0.9 Mbp/h)

~1.87 Gbp/h (75 Gbp/40h) for 
Illumina HiSeq

(calculated using Rapid Run Mode 
with a single flow - cell, 2×150 bp)

Jain, M. et al. 2017. doi: 10.12688/f1000research.11354.1



Future

● Portable everywhere
● 10 min library preparation
● Reads of up to tens of kbp

Omics integration



Future

● Portable everywhere
● 10 min library preparation
● Reads of up to tens of kbp

Personalized medicine



Question 8



Gaia user interface

Define your 
analysis

GAIA



GAIA

Gaia user interface



GAIA

Alpha-diversities

Taxonomy

Beta-diversities



GAIA



GAIA

Microorganisms are not only bacteria or archaea… we want to see fungi, algae and other eukaryotes!



FIN DE LA P RIMERA 
P ARTE



SECOND P ART: RNA-
Se q  a n d  AIR
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RNA -seq

When the NGS technology is applied to RNA molecules we talk about 
RNA-seq

Respect to genomic DNA sequencing, RNA-seq requires specific steps:
• Conversion of RNA to cDNA
• Selection of polyA transcripts or removal of rRNA
• Strand-specific libraries



mRNA -seq: applications



RNA -seq: workflow



RNA -seq: workflow



Question 9



RNA -seq: workflow



RNA -seq: workflow



RNA -seq: workflow



RNA -seq: workflow



RNA -seq: alignment and 
assembly



RNA -seq: alignment and 
assembly



RNA -seq: gene counts

Given a file with aligned sequencing reads and a list of genomic features, a common task is to count how
many reads map to each feature. A feature is here an interval (i.e., a range of positions) on a
chromosome or a union of such intervals. In the case of RNA-Seq, the features are typically genes, where
each gene is considered here as the union of all its exons.



Question 10



RNA -seq: gene count 
normalization

Raw read counts correspond to the number of reads associated to each gene in a given sample. In order to
compare the expression levels in different samples or between different genes a normalization procedure is
required. This is due to:
• Different number of reads in different samples (library size effect)
• Different length of transcripts
• Amplification bias
• %GC content

The most common normalization methods are:
• CPM (Counts Per Million)
• RPKM/FPKM (Reads/Fragment Per Kilobase Per Million)
• TPM (Transcript Per Million)
• TMM (Trimmed Mean Normalization of M-values)

For differential expression analysis TMM was proved to be the most accurate method



RNA -seq: evaluation of 
similarity

Once data has been normalized, a quality control of the experiment can be performed by evaluating the
similarity/distance between replicates

A hierarchical clusterization based on Euclidean distance or
other specific measures of distance can be used to evaluate
replicate homogeneity



RNA -seq: differential 
expression
EdgeR and DESeq2 (parametric)
Bayesian (such as EBSeq) or permutation based (such as NOIseq)



What else?

• An obvious way to gain biological insight is to assess the differentially expressed genes in
terms of their known function(s)

• Required an automated and objective (statistical) approach

• Functional profiling or pathway analysis



AIR

Artificial Intelligence RNA-seq (AIR)

We started a project to create a system that combining cutting-edge cloud technology together with the
most used bioinformatics pipelines would be able to offer a completely user-friendly platform for RNA-seq
analysis.

A coordinated effort of informatics engineers,
bioinformaticians, web designers and web marketing
experts.

Our informatics engineers developed a private cloud
configuration system named “Orchestrator” which can use
any cloud based computing platform (Google, Amazon, etc.)
with an efficient resource management.

On top of this system we mounted our RNA-seq
bioinformatics pipeline to perform differential gene
expression analysis starting from raw Illumina reads.



AIR

Artificial Intelligence RNA-seq (AIR)

http://www.transcriptomics.cloud

http://www.transcriptomics.cloud/


w w w .se q u e n t ia b io t e c h .c o m

in fo @se q u e n t ia b io t e c h .c o m

/Se q u e n t ia Bio t e c h

/Se q u e n t ia Bio

THANK YOU 

http://www.sequentiabiotech.com
mailto:info@sequentiabiotech.com
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