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Context  

The presenter:  
 

Å is not a ®bioinformatician  ̄
 

Å is a computer scientist from Inf2006 -UFSM 
 

Å is a PhD. student in the ULisboa 
 

Å is a researcher at the LaSIGE (Navigators group ) 
 

Åhas as main research areas: 
ÅDistributed systems  
ÅDependability  

ÅFault Tolerance 
ÅSecurity 

 

But why are you going to present about bioinformatics?  



Context  

Å Interesting  area 
 

ÅMany open problems  
 

ÅOpportunities to acquire and apply knowledge  
 

ÅOpportunities from projects  
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Context  

This presentation ¤ 
 
 ¤ is not  an introduction to bioinformatics  
 
 ¤ is not  a study of a specific bioinformatics­ topic 
 
 ¤ is a different way to look to bioinformatics , 
 from an informatics perspective  
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What is bioinformatics?  
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What is bioinformatics ? 
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What is bioinformatics?  

is the study of life  and living  organisms 
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What is bioinformatics?  
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What is bioinformatics?  

Biology  

Mathematics  

Physics 

Chemistry  

Statistics  Informatics  

Ethics  

Astronomy  
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What is bioinformatics?  

Biology  Informatics  
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What is bioinformatics?  

Biology  Informatics  Bioinformatics?  
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Biology  Informatics  Bioinformatics  

What is bioinformatics?  

Computational  

Biology  
Biological  

Computing  

Modeling biological virtual 
systems and organs . 

Searching the optimal path in a 
graph based on ants behavior  

13 



Bioinformatics  is an informatics  discipline for  

storing , retrieving , organizing  and analyzing  

biological data . 

Biology  Informatics  Bioinformatics  

What is bioinformatics?  
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Motivation  

But what makes the biological data so special? 
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Motivation  

But what makes the biological data so special ? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Incomplete and uncertain data  

Data 
complexity  

Size Quantity  Meaning  
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Outline  

1. Size 
 

2. Quantity  
 

3. Meaning 
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1. Size 



DNA 

CATTCTCATGCATACGCAGCAGGTCAGGCATAG 

DNA is: 
ÅA very large string  

ÅComposed only by A, C, G, and T characters  
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Human DNA  

10-50 trillion  
50 000 000 000 000 1 

23 pairs  
46 

210 types of cells  
 

300 million die  
every minute  

 

2 molecules  

A human being  Cells  Nucleus  Chromosomes  DNA 

From human beings to DNA 

GTCACATCGCTA¤ 
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Human DNA  

CATTCTCATGCATACGCAGCAGGTCAGGCATAG 

Human DNA: 3.2 B characters ( bp, base-pairs)  

21 



Organism Genome size Picture 

Porcine circovirus type 1 1.8 K 

Drosophila melanogaster 130 M 

Mus musculus  2.7 B 

Homo sapiens 3.2 B 

Zea mays  5 B 

Marbled lungfish 130 B 

Genome size  
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Printing a human genome  
 

ÅTimes New Roman 
Å12 pt  
Å2622 bp per page 
Å1.2 M single-sided pages 
Å2415 reams (500 sheets) 
Å129 meters  

129 m 93 m 30 m 
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Printing a human genome  

©
L

e
ig

h
to

n
 P

ri
tc

h
a
rd  

Å4.5 pt  
ÅDouble -sided pages 
Å120 book volumes  
Å1 bookshelf  
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Loading a human genome to memory  

Does it work? 
 

char [] humanDNA  = char[3 200 000 000 ]; 
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Loading a human genome to memory  

Does it work? 
 

char [] humanDNA  = char[ 3 200 000 000]; 
 
 

In most programming languages: No 
 
Most data structures are indexed by signed int  
2.1 B chars = (2^31-1 = 2 147 483 647) 
 

Solutions? 
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Loading a human genome to memory  

 
 

char[] humanDNA  = char[ 3 200 000 000]; 
 
 
Solutions: 
 

ÅUnsigned int : 4 200 000 000 (2^32-1) 
 

Å64-bit indexes : 9 000 000 000 000 000 000 (2^63-1) 
 

ÅMatrices : humanDNA = char[100][32 000 000]  
 

ÅOr ¤ 
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Loading a human genome to memory  

 
 

char[] humanDNA  = char[ 3 200 000 000]; 
 
 
Solutions: 
 

ÅUnsigned int : 4 200 000 000 (2^32-1) 
 

Å64-bit indexes : 9 000 000 000 000 000 000 (2^63-1) 
 

ÅMatrices : humanDNA = char[100][32 000 000]  
 

ÅSplit in chromosomes :   Map<Key, Value> 
    Map<chrName, chrSequence> 
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Human chromosomes  

The human genome is not a contiguous DNA 
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Storing a human genome in a file  

 
 

Entire human genome  
3.2 B chars 

 

3 GB 
 

UTF-8 or  ISO 8859-1 
1 char = 1-byte (8-bits)  
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Storing a human genome in a file  
 
 
 

> HG00339 chr1 
ATGCATCGTACGCTCATCATGCAG
CAGACTGCTAGCTGATGGTACGTC
ATGCAGTCGTCAGTCAGTCAGTAC
ATC 
> HG00339 chr2  
TCGTACGCTCATCATGCAGCAGGT
CAGTACCATGGTCAGACTCATTGC
AACTGCTAGCTGATGATCGGCATA
GT 
 

¤ 
 

> HG00339 chr22 
CAGTACGTCAGTGCTAGCTAGCTA
CGATCGATCGACTGATACGATC 

> HG00339 chrY 
GGGTACTCATGCAGTCAGTCAGTT
GCAGTCAGTCAGTCGCAGTCA 
 

ÅFASTA format 
 

ÅBroadly used 
 

ÅAccepts comments (>) 
 

ÅStore also incomplete or  
small sequences 
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Storing a human genome in a file  

 
 

1 char = 2-bits  
 

770 MB 
 

Entire human genome  
3.2 B chars 

 
A = 00 
C = 01 
G = 10 
T = 11 
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Å2-bit format  
 

ÅNot human readable  
(normal humans) 
 

ÅThere are other characters  
than A, C, G and T 
E.g.: N for any. 
 

Å Nomenclature for incompletely  
specified bases in nucleic acid  
sequences ± IUPAC 
 

ÅHow to reduce even more? 
 
 

Storing a human genome in a file  
 
 
001010111101010111000101
010110101010101010110101
010101111101010101010101
010101010101010111101010
101010101010101010010000
000101010101010101010100
000101010111101010000000
010110101010101010101000
000000101010101010101010
101010101010101101001101
010000000101010101101111
101010101010101010101010
111111111111101010101110
101110101010010001100001
1010011010001110101101  
000100010101010110101  
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Compressing a human genome file  

 
 

ZIP Compression  
 

830 MB 
 

(in 10min) 
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Compressing a human genome file  

 
 

Referential  

Compression  

 
Humans are 99.9% 
genetically equals  

 

7 MB 
 

(in 30s) 
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Sequencing a human genome  

Human genome reference  

Resulting aligned genome  

R
e

a
d

s 

ÅGenomes are not sequenced in one contiguous line  
ÅReads contains 30-1000bp each 
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Sequencing a human genome  

 

 

Sequenced  

Genome 

 

180 GB 
 

®Raw¯ data 
FASTQ format 

 
 
 
> HG00339 read123 300bp  
ATGCATCGTACGCTCATCATGCAG
C 
+ 
!''*((((***+))%%%++)(%%%%).1***  
> HG00339 read456  300bp  

TCGTACGCTCATCATGCAGCAGGT
C 
+ 
%%%).1****''))** 55CCF>>>>>>CC 
¤ 
 
> HG00339 read999  300bp  
CAGTACGTCAGTGCTAGCTAGCTA
C 
+ 

)(%%%%).1***''))**5CCCC?CCC65 
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Resuming  

ÅHuman genome = string of 3.2B chars 
 

ÅSize of creatures does not determine genome size 
 

ÅNormally in memory, a genome is divided into 23 
chromosomes 
 

Å In a file: 
Å3 GB in FASTA 
Å770 MB in 2-bits  
Å830 MB when compressed with ZIP 
Å7 MB when using referential compression  
Å180 GB in FASTQ 
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2. Quantity  



 

Big 
data  

 

Huge 
data  

Problem statement  
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1st  Human Genome  Currently  

Year 1988 2014 

Cost  US$ 3 billion  US$ 1 000 

Time  13 years (2001) < 1 hour  

Quantity  

The number of sequenced genomes  is 

exponentially increasing  
 

Caused by the decreasing on: t ime and cost  
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From first to next -generation sequencing  

Sanger -based chemistries and capillary -based instruments  
®First generation¯ sequencing platforms  

Next -Generation sequencing platforms ( NGS) 

42 



Cost per human genome  
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Cost x quantity  
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US$1000 (2014) 

HiSeq X Ten 
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NGS around the world  
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US$100 (?) 
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US$30 (?) 
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Projects gathering genomes  
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Physical storage in biobanks  
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Physical storage in biobanks  
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Digital storage in e-biobanks  

ÅBiobanks store also health and behavior data  
 

ÅPressure to store also sequenced DNA 
 

ÅResearchers need a lot of data (shared) 
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Digital storage in e-biobanks  

ÅBiobanks will soon start using cloud computing  
 

Å Illumina  Basespace 
 
 
 
 
 
 
 
 

ÅBiobankCloud is creating a platform for biobanks 
efficiently and securely use cloud facilities  
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Neonatal heel prick  

ÅNewborn screening  
 

ÅDetect congenital diseases  
ÅHypotiroidism  
ÅCystic fibrosis 
Å¤ 

 
Å Implemented all over the world  

 
ÅEmployed in demographics for birth rates  

 
ÅWhat about newborn genome sequencing?  
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Genomes of a population  

How much disk space do we need to store all genomes 
of an entire population?  

Population  

1-person  1 

Santa Maria, RS 270 K 

Porto Alegre , RS 1.5 M 

Rio Grande do Sul 10.7 M 

São Paulo, SP 11.3 M 

Brazil  201 M 

Latin America  589 M 

World  7 B 
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Genomes of a population  

How much disk space do we need to store all genomes 
of an entire population?  

B KB MB GB TB PB EB ZB YB 

Population  Compressed  Size with 2 -bits  Size with 8 -bits  WGS 

1-person  1 7 MB 770 MB 3 GB 180 GB 

Santa Maria, RS 270 K 

Porto Alegre , RS 1.5 M 

Rio Grande do Sul 10.7 M 

São Paulo, SP 11.3 M 

Brazil  201 M 

Latin America  589 M 

World  7 B 
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Genomes of a population  

How much disk space do we need to store all genomes 
of an entire population?  

Population  Compressed  Size with 2 -bits  Size with 8 -bits  WGS 

1-person  1 7 MB 770 MB 3 GB 180 GB 

Santa Maria, RS 270 K 1.8 TB 200 TB 790 TB 46 PB 

Porto Alegre , RS 1.5 M 10 TB 1.1 PB 4.3 PB 260 PB 

Rio Grande do Sul 10.7 M 72 TB 7.7 PB 30 PB 1.8 EB 

São Paulo, SP 11.3 M 75 TB 8.1 PB 32 PB 1.9 EB 

Brazil  201 M 1.3 PB 144 PB 575 PB 34 EB 

Latin America  589 M 3.8 PB 422 PB 1.6 EB 100 EB 

World  7 B 45 PB 5 EB 20 EB 1.1 ZB 

B KB MB GB TB PB EB ZB YB 
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Genomes of a population  

Current storage capacity of a hard disk ? 
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Genomes of a population  

Current storage capacity of a hard disk?  
 
 

6 TB 
WD Ultrastar  He6  
(US$750) 

Compressed  Size with 2 -bits  Size with 8 -bits  WGS 

1-person  7 MB 770 MB 3 GB 180 GB 

Population  898 K 8170 2048 34 

3x SM 

B KB MB GB TB PB EB ZB YB 
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Genomes of a population  

Current storage capacity of a data center ?  
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Genomes of a population  

Current storage capacity of a data center?  
 
 

1 PB 
350 Seagate of 3TB  (US$150 each) 
(US$50.000) 

Compressed  Size with 2 -bits  Size with 8 -bits  WGS 

1-person  7 MB 770 MB 3 GB 180 GB 

Population  153 M 1.3 M 350 K 5825 

SM 

B KB MB GB TB PB EB ZB YB 
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Genomes of a population  

Current storage capacity of a data center?  
 
 

500 PB 
BackBlaze, Inc. 

Compressed  Size with 2 -bits  Size with 8 -bits  WGS 

1-person  7 MB 770 MB 3 GB 180 GB 

Population  76 B 697 M 174 M 2.9 M 

9x World  Lat. Am. POA 

B KB MB GB TB PB EB ZB YB 
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Genomes of a population  

Current storage capacity of the entire world ?  
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Genomes of a population  

Current storage capacity of the entire world ?  
 
 

8.2 ZB 
295 EB in 2007 
Kryder­s law 

Compressed  Size with 2 -bits  Size with 8 -bits  WGS 

1-person  7 MB 770 MB 3 GB 180 GB 

Population  - - 3 T 50 B 

7x World  

B KB MB GB TB PB EB ZB YB 

400x World  
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Genomes of a population  

Near future storage capacity of a data center?  
 
 

50 ZB (or 1 YB?) 
NSA data center in Bluffdale , UT, US 

Compressed  Size with 2 -bits  Size with 8 -bits  WGS 

1-person  7 MB 770 MB 3 GB 180 GB 

Population  - - - 305 B 

40x World  

B KB MB GB TB PB EB ZB YB 
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Resuming  

ÅSequencing cost and time will continue to fall  
 
ÅHuge data: size*quantity  

 
ÅStorage capacity is increasing  

(not at the same pace as sequencing) 
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3. Meaning  



Meaning  

 
 
 
 
 

 

What does it do? 
 

What does it produces ? 
 

How does it looks like ? 
 

Is it related with  a specific disease? 
 

Does it interact  with other components ? 
 

Does it interact  with some medicine ? 

GATTCGTACTGACTACGCAGCAGGT 
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Meaning  

 
 
 
 
 
 

What does it mean  ¤ 

 

 ¤ to me, as an individual ?  (Personalized medicine) 

 

 ¤ to my population ? (Public-health genomics)  

 

 ¤ to human kind ? (Science) 

CATTCATCATGCATACGCAGCAGGT 
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DNA 

ÅLowest structure present in all living organisms  
 

ÅHigh expectation for medicine  
 

ÅDNA cannot tell everything about your future  
 

ÅDNA is not the only variable causing diseases  
 
ÅBehavior and environment interfere  

 
ÅBut, DNA still plays an important role  
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From DNA to meaning  

DNA 

Non-
coding  

Coding  
Amino 
acids 

Genes Proteins  

98% 

2% 
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3.1. Comparing sequences  

CATTCATCATGCATACGGACTGCAGCAGGT 

CATTCATTATGCATACGGACTGCAGCAGGT 

Do you see any difference  in these sequences? 
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3.1. Comparing sequences  

CATTCATCATGCATACGGACTGCAGCAGGT 

CATTCATTATGCATACGGACTGCAGCAGGT 

Do you see any difference in these sequences? 
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Search terms:  

Hamming distance, Edit distance (Levenshtein ), sequence alignment, Needleman -Wunsch 

algorithm, Smith and Waterman algorithm, substitution matrices, BLAST algorithm, seed -
and-extend, suffix tree, homologue sequences  

3.1. Comparing sequences  

ÅComparison of two or more sequences  
 

ÅSimilarity , similarity and similarity  
 

ÅSimilar sequences may have similar genes, proteins, 
structures and functions  
 

ÅPercent identity as metric  
 

ÅConsidering small variations (SNPs, insertions, deletions ) 
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3.2. Assembling DNA fragments  

CATTCATCATGCATACGGACTGCAGCAGGT 

In which chromosome can we find  this sequence? 
In which position? 
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3.2. Assembling DNA fragments  

Human genome reference  

Resulting aligned genome  

N
G

S
 R

e
a
d

s 

76 



3.2. Assembling DNA fragments  
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Search terms:  

Alignment algorithms, de -novo assembly, sequence mapping, MAQ, SHRiMP, Bowtie, 
GNUMAP, MUMmer , BWA, Slider, SOAP3, SNAP 

3.2. Assembling DNA fragments  

ÅAssembling DNA to create a contiguous genome  
 

Å It may be tricky  
 

ÅDNA has many repetitive regions  
 

ÅOrientation, repeats and sequencing errors  
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3.3. Constructing evolutionary trees  

CATTACGGACGCATCATCATGCAGCAGGTG 

CATTACGGACGTATCATCATCCAGCAGGTG 

CATTACGGACGGATCATCATACAGCAGGTG 

The 1st sequence is more similar  to the 2 nd or the 3 rd? 
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3.3. Constructing evolutionary trees  
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Search terms:  

Evolutionary similarity, multiple alignments, tree of life, phylogenetic tree, Clustal, T-
coffee, Muscle, ProbCons, COBALT, UniProt  database,  JalView, Logos, PSI-BLAST 

3.3. Constructing evolutionary trees  

ÅAll about evolution and again similarity  
 

ÅComparing sequences from different organisms  
 

ÅGroups organisms by similarity  
 

ÅThey show how organisms evolve in time  
 

ÅMultiple alignments may generate phylogenic trees  
 

ÅRecursively compare sequences until find a common 
ancestor  
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3.4. Detecting patterns in sequences  

CGTTACGGACGCATCATCATGCAGCAGGTG 

Do you see any pattern  in this sequence? 
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3.4. Detecting patterns in sequences  

CGTTACGGACGCATCATCATGCAGCAGGTG 

Do you see any pattern in this sequence? 
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Search terms:  

Conserved domains, motifs, regular expressions, Fuzzy regular expressions, Hidden 

Markov Models (HMMs), InterPro  database, PROSITE, multiple alignments, grammars, PCR 
analysis 

3.4. Detecting patterns in sequences  

ÅDelimit parts of sequences that have a biological 
meaning 
 

ÅDetect the begin and end of a gene  
 

ÅDetect the begin and end of shapes  
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3.5. Determining structure from sequence  

CATTACGGACGCATCATCATGCAGCAGGTG 

Which is the structure of this sequence in real life?  
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3.5. Determining structure from sequence  

Which is the structure of this sequence in real life?  
 
 
 
 
 
 
 
 
 
 
 
       Primary                        Secondary                           Tertiary 
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Search terms:  

Conserved domains, motifs, folding, PDB, 3D transformations, protein alignment, 

intermolecular distances, intramolecular  distance, RMSD, DALI, SSAP, graph theory,  ab-

initio methods, fold recognition, threading, neural networks, machine learning, support 

vector machines, random forests, lowest energy algorithms, ROSETTA, CASP challenge 

3.5. Determining structure from sequence  

ÅStructure is related with function  
 

ÅStructure:  
ÅPrimary 
ÅSecondary 
ÅTertiary  
ÅQuaternary  
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CATTACGGACGCATCATCATGCAGCAGGTG 

Does the 1st sequence interfere in the 2 nd? 

3.6. Inferring cell regulation  
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Search terms:  

Cell regulation, junk DNA, turn on/off genes, pathways, Bayesian networks, Support 

vector machines, clustering algorithms, reducing dimensionality, simulation and modeling, 
discrete and continuous models, epigenomics 

3.6. Inferring cell regulation  

ÅGenes interact with  each other  
 

ÅNon-coding regions of DNA are important for 
regulation  
 

ÅDepending on geographic position of a cell and 
neighbors to turn on/off genes  
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CATTACGGACGCATCATCATGCAGCAGGTG 

What does  this sequence? 
Is it related with Alzheimer­s disease? 
Does it define my hair color?  
 

3.7. Determining protein function  
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3.7. Determining protein function  
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3.7. Determining protein function  

Body measurement  
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3.7. Determining protein function  

Cardiovascular disorder  
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Search terms:  

Annotating DNA, ontologies, natural language processing (NLP), motifs, conserved 

domains, gene ontology, OBO, BioOntologies , UMLS, term-for -term analysis, data mining, 
directed acyclic graph, text mining, semantic web  

3.7. Determining protein function  

ÅMost challenging topic  
 

ÅDepend on all previous topics  
 

ÅHuman annotations for protein functions  
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Search terms:  

Workload, programming languages, script languages, dynamic programming, design 
pattersn , gang of four, regular expressions, performance evaluation  

3.8. Languages 

ÅWorkloads everywhere  
 

ÅStep-by-step to achieve the final goal  
 

ÅOptimization, parallel programming  
 

ÅPython, Perl and Bash 
ÅJava, C, C++ 
ÅR 
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3.9. Other important topics  

ÅDatabase design, development, management  
 

ÅNatural language processing (NLP) 
 

ÅGraphics and graphical interfaces 
 

ÅDistributed systems  
 

ÅSecurity 
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3.10. Privacy  

The individual right of maintaining private 
undisclosed information  

 
Genomes contain private information  
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3.10. Our approach  

Does it contains any private information ? 

CATTCATCATGCATACGGACTGCAGCAGGT 
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3.10. Disclosure filter for genetic data  

7M bp/s  

* Throughput with a single core. Scales until approximately 300 M bp/s in some cases. 99 



3.11. Other problems  

ÅELSI 
ÅEthical 
ÅLegal 
ÅSocial implications  

 
ÅGenism 

 

ÅGenetic discrimination  
 

ÅTargeted attacks  
 

ÅLoss of reputation  
 

ÅData leakage 
 

ÅPrivacy problems 
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Resuming  

ÅObtaining meaning from DNA is  
ÅDifficult  
ÅComplex 
ÅTime consuming 
ÅPainful  

 
ÅSimilarity is important  

 
ÅComparison with what is already known  
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Final remarks  

Bioinformatics:  
Å interesting  area 
Åmany open problems  
Åopportunities to acquire and apply knowledge  
Åopportunities from projects  
Å reachable  for students from all semesters  

 
Informatics:  
Å improve biology area  
Å improved by working on biological data  
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Final remarks  

®Biology easily has 500 years of 
exciting problems to work on .¯ 

 
Donald Knuth, 1993.  
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