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MGP research goals

- Identify novel genes responsible for monogenic 
diseases

- Use the results of genetic research to discover new 
drugs acting on new targets (new genes associated 
with human disease pathways)

- Identify susceptibility genes for common diseases



MGP specific objectives

- To sequence the genomes of clinically well 
characterized patients with potential mutations in 
novel genes. 

- To generate and validate a database of genomes of 
phenotyped control individuals. 

- To develop innovative bioinformatics tools for the 
detection and characterisation of mutations using 
genomic information. 



New high throughput sequencing technologies will 
enable researchers to study human diseases, 
accounting for genetic variability of individual patients 
and the heterogeneity of their diseases. However, a 
major limitation remains the ability to link clinical 
information to high quality sample collection. 
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Two Technologies to scan for 
variations

454 Roche
Longer reads
Lower coverage

SOLiD ABI
Shorter reads
Higher coverage

Structural variation

•Amplifications
•Deletions
•CNV
•Inversions 
•Translocations

Variants

•SNPs
•Mutations
•indels



Bioinformatics analysis
pipeline

   
Automatic QC

Preprocess

Position / quality

Base composition

Length statistics

Nucleotide QC

Sequence cleansing

SNP Calling

SAM to BAM
Sort BAM
Clean BAM
Index BAM

FastQ
1Mreads

FastQ
Color space
200Mreads

Variation

Structural 
variation

Mapping

Structural variation detection

4-6 hours*                           1-2 days*             1-2 days*          minutes

* 8CPUs 200Mreads (>25-30 Exomes per week)

Annotation



130.000

18.000.000

99.000

55.000

Our approach to discover rare or 
novel variants



MGP timeline

Now           2011                         2012 …

•  First 300 
exomes

•  First 2-3 
diseases

T
esting phase

•  Several hundreds of exomes

•  > 30 diseases (approx)

Announced 
changes in  
technology

Yet unpredictable 
number of genomes 

and diseases

Expected changes 
in  technology



Sequenced Exomes
The MGP's goal is to characterize a great number of genetic 
diseases by means of exome sequencing from affected individuals

 So far using NimbleGen as exome capture platform we have 
sequenced using SOLiD 4:

– 163 exomes corresponding to:

• 16 samples from individuals with known mutation (FQ, MTC and 
RPAD) in order to validate the sequencing platform and the 
bioinformatics analysis pipeline

• 27 samples from 24 phenotyped healthy controls.

• 120 samples corresponding to healthy and affected individuals from 
families that have a disease in study (RP, FQ,  HSCR, MTC)

 Reaching production of 24 exomes (60x coverage) per week.



An example with MTC

A B

CD

Dominant:
Heterozygotic in A and D
Homozygotic reference allele in B and C
Homozygotic reference allele in controls

The codon 634 
mutation

A

B

C

D



Finding disease genes

Families

1 2 3 4 5 6

Variants 3403 82 4 0 0 0

Genes 2560 331 35 8 1 0

Problem: how to prioritize putative candidate genes



Sequencing
Enrichment +Sequence run: ~2 weeks
500,000,000 sequences
25,000,000,000 bases
Short 50bp (SOLiD) sequences 

File size per exome: 300 GB 

Coverage
SeqCap EZ Human Exome Library v2.0
Total of ~30,000 coding genes (theoretically)

~300,000 exons;
36.5 Mb are targeted by the design (2.1 million long oligo probes).

Real coverage:
Ensembl Coding genes included: 18,897 
miRNAs      720
Ensembl Coding genes not captured:   3,865
Genes of the genome with coverage >10x:  85%

Real coverage and 
some figures



SOLiD 4 exome statistics

>=40



And this is what we get 
from the variant calling pipeline

Coverage             > 50x
Variants (SNV):    60.000 – 80.000
Variants (indels):  600-1000
100 known variants associated to disease



Exome sequencing holds much 
more potential information

More than 30 millions of bases are interrogated with the 
exome capture systems and typically only one of these 
bases is useful. The rest of the information is overlooked 
in many places but….

 

… we can re-analyse it looking to other functional 
elements:

• An enormous amount of data can be used for different population, 
evolutionary, functional and many other types of studies.

miRNAs
• They are included in targeted exome re-sequencing 

designs



© The Nobel Committee for Physiology or Medicine Illustration: Annika Röhl

RNA interference 



Molecular biology: The expanding world of small RNAs. (2008) Helge Gro hans & Witold Filipowicz. Nature 451, 414-416

RNA interference types



miRNAi - Features
 Bind mRNA 3’UTR 

 Seed region (2-8 nt) complementarity, incomplete complementarity the remaining

 Promote repression of protein translation 

 21-24 nt

miRNAi - Functions in the cell
 Development regulation

 Tissue identity

 Neuronal plasticity...



Previous ideas on miRNAs

• Many studies on miRNA expression levels

•  miRNAs have been related to different 

diseases

• miRNAs are thought to be highly conserved 

regions of the genome



Variations in the protein coding 
genes in the human genome

Variants predicted to severely affect the function of human protein coding 
genes known as loss-of-function (LOF) variants were thought: 

– To have a potential deleterious effect

– To be associated to severe mendelian disease

The 1000 genomes project has revealed an enormous amount of 
variation a the genome level, much higher than expected

An unexpectedly large number of LOF variants  have been found in the 
genomes of apparently healthy individuals

– A conservative estimation suggests 100 LOF variants per genome 
including more than 30 in a homozygous state

Previously unnoticed level of variation with putative functional 
consequences in protein coding regions in humans.



miRNAs are thought to be highly conserved 
regions of the genome

– Some studies suggest that most of the mutations are 
expected to have adverse effects in the functionality or 
biogenesis of miRNAs

– Early studies on variability using SNPs reported a very 
low level of varitation
• Absence of polymorphims in more than 90% of human pre-

miRNAs and most of them were no in the seed region

• Strong selective constraint

–  To date dbSNP reports 519 variants in miRNAs



miRNA exome data analysis and 
study of miRNA variability

Preliminary study for sequencing data corresponding to 23 
exomes from the Medical Genome project

The aim was to survey the actual level of variability at these 
genomic elements  an to check if:

–  A restrictive scenario for miRNA variants was confirmed 

or 

– A situation similar to the occurrence of LOF variants in 
protein coding genes existed for the miRNAs



Pilot study of variability in 
miRNAs in control population
The analysis of the information available on 23 exomes from healthy 
southern Spain population has uncovered an unexpected amount of 
variability in microRNAs.

 558 variants in total were found in 291 different miRNAs

- 131 of these miRNAs are known to be involved in almost 200 diseases 
according the human miRNA Disease database.

 

 487 of the variants (87%) were described for the first time in this study. 

- This figure almost doubles the number of known variants (519) in 
miRNAs and constitutes a remarkably high ratio of discovery.

The average number of SNVs per individual affecting to miRNAs was 118

 



miRNA variant calling in exomas

– Exome capture system used contains 720 miRNAs

– Only high quality sequence reads with unique mapping 
positions to the reference human genome were used for 
calling variants.

– Average coverage observed in these regions was 40x 
and a minimum of 25x is needed to call a variant

– 30% of the reads have to contain the change to call the 
variation



Number of individuals 
supporting new variants found



Variants distribution 
among miRNAs

Distribution of variants among the different 
miRNAs is not uniform.

Most of them were affected by only one SNV

A few mature miRNAs have more variations
– One miRNA contains 6 variant positions in the 

mature miRNA and 4 variant positions have 
been found in another 3 miRNAs.

Variants were not homogeneously distributed 
across the structure of the pre-miRNA.



Distribution of variants



Population frequencies
Conclusions based on frequencies estimated from a 

population with this small sample size must be taken 
with caution

– However when the allelic frequencies in the studied 
sample are compared to the corresponding ones 
reported both in dbSNP or the 1000 genomes project. 
There is a correlation among them

Many of the newly discovered variants occurred in only 
one individual and consequently they are at no very 
high frequency

– However there are still a considerable number of variants 
that appear at higher frequencies.





Alternative allele frequencies



Pathogenic effect of variants

Most of the variants found in the studied samples (98.7%) 
were in heterozygosis.

A small number of them displayed the alternative allele in 
homozygosis 

– None of them seem to be a rare variant according to the 
estimated population frequencies

– Deviations of the Hardy-Weinberg equilibrium (HWE) show 
that this variants are under negative selection 
(pathogenic). This fact would also suggest that the role of 
miRNAs in disease could be bigger that previously 
suspected.



Disease-miRNA associations
Disease # miRNAs pre-mir ids

Heart Failure 6
hsa-mir-10b,hsa-mir-204,hsa-mir-296,hsa-mir-300,hsa-mir-
340,hsa-mir-381

Breast Neoplasms 4 hsa-mir-10b,hsa-mir-204,hsa-mir-296,hsa-mir-340
Adenocarcinoma 3 hsa-mir-106a,hsa-mir-10b,hsa-mir-204
Melanoma 3 hsa-mir-216a,hsa-mir-217,hsa-mir-296
Neoplasms 3 hsa-mir-106a,hsa-mir-10b,hsa-mir-204
Pancreatic Neoplasms 3 hsa-mir-106a,hsa-mir-204,hsa-mir-217
Adenoviridae Infections 2 hsa-mir-1274b,hsa-mir-627
Autistic Disorder 2 hsa-mir-106a,hsa-mir-381
Carcinoma, Squamous Cell 2 hsa-mir-10b,hsa-mir-296
Hepatitis C 2 hsa-mir-296,hsa-mir-448
Leukemia, Lymphocytic, Chronic, B-Cell 2 hsa-mir-16-2,hsa-mir-640
Lung Neoplasms 2 hsa-mir-106a,hsa-mir-216a
Lupus Vulgaris 2 hsa-mir-296,hsa-mir-557
Prostatic Neoplasms 2 hsa-mir-106a,hsa-mir-296
Stomach Neoplasms 2 hsa-mir-106a,hsa-mir-340
Astrocytoma 1 hsa-mir-106a
Atherosclerosis 1 hsa-mir-296
Carcinoma 1 hsa-mir-10b
Carcinoma, Hepatocellular 1 hsa-mir-106a
Carcinoma, Non-Small-Cell Lung 1 hsa-mir-16-2
Colonic Neoplasms 1 hsa-mir-106a
Colorectal Neoplasms 1 hsa-mir-492
Endometrial Neoplasms 1 hsa-mir-204
Glioma 1 hsa-mir-106a
Head and Neck Neoplasms 1 hsa-mir-204
Hepatoblastoma 1 hsa-mir-492
Hypertension 1 hsa-mir-204
Liver Neoplasms 1 hsa-mir-10b
Medulloblastoma 1 hsa-mir-10b
Mesothelioma 1 hsa-mir-106a
Muscular Disorders, Atrophic 1 hsa-mir-381
Myocardial Infarction 1 hsa-mir-10b
Nasopharyngeal Neoplasms 1 hsa-mir-10b
Neuroblastoma 1 hsa-mir-10b
Ovarian Neoplasms 1 hsa-mir-296
Patau Syndrome 1 hsa-mir-16-2
Retinal Degeneration 1 hsa-mir-204
Retinal Neovascularization 1 hsa-mir-106a
Toxoplasmosis 1 hsa-mir-106a
Urinary Bladder Neoplasms 1 hsa-mir-300
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