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HTS Data ProjectHTS Data Project
 A typical gene lab can produce A typical gene lab can produce 100 terabytes of 100 terabytes of 

information a yearinformation a year, the equivalent of , the equivalent of 1 million 1 million 
encyclopediasencyclopedias..

 Few biologists have the computational skills needed to Few biologists have the computational skills needed to 
fully explore such an astonishing amount of data; nor fully explore such an astonishing amount of data; nor 
do they have the skills to explore the exploding amount do they have the skills to explore the exploding amount 
of data being generated from clinical trials. of data being generated from clinical trials. 

 The immense amount of data that are available, and the The immense amount of data that are available, and the 
knowledge that this is but the tip of the data iceberg.knowledge that this is but the tip of the data iceberg.

Bioinformatics: Emerging Opportunities and Emerging Gaps

Paula E.Stephan and Grant Black
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ANDTIASQDT PAKVVIKANK LKDLKDYVDD LKTYNNTYSN VVTVAGEDRI ETAIELSSKY YNSDDKNAIT 
DKAVNDIVLV GSTSIVDGLV ASPLASEKTA PLLLTSKDKL DSSVKSEIKR VMNLKSDTGI NTSKKVYLAG GVNSISKDVE 
NELKNMGLKV TRLSGEDRYE TSLAIADEIG LDNDKAFVVG GTGLADAMSI APVASQLKDG DATPIVVVDG 
KAKEISDDAK SFLGTSDVDI IGGKNSVSKE IEESIDSATG KTPDRISGDD RQATNAEVLK EDDYFTDGEV 
VNYFVAKDGS TKEDQLVDAL AAAPIAGRFK ESPAPIILAT DTLSSDQNVAVSKAVPKDGG TNLVQVGKGI 
ASSVINKMKD LLDM
>monoisotopic mass = 39480 

 position  sequence (NCBI BLAST link)
 --------  --------
  18-  22  ANKLK
 245- 249  NSVSK
 262- 265  TPDR
 116- 119  SEIK
 344- 347  AVPK
 298- 302  DGSTK
 266- 271  ISGDDR
 163- 168  LSGEDR
 116- 120  SEIKR
  60-  66  YYNSDDK
 224- 230  EISDDAK
 155- 159  NMGLK
  67-  72  NAITDK
 126- 134  SDTGINTSK
 160- 168  VTRLSGEDR
  21-  25  LKDLK
 108- 115  DKLDSSVK
 135- 147  KVYLAGGVNSISK
  14-  17  VVIK
   1-  13  ANDTIASQDTPAK
 126- 147  SDTGINTSKKVYLAGGVNSISK
  14-  20  VVIKANK
 ………………………………………
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Disease GeneDisease Gene
 Mutations in target sequences are usually revealed by 

either phenotypic selection in experimental test systems 
or, in case of disease-causing genes in humans, by 
clinical studies in which certain genes are sequenced in 
groups of patients and in control groups. 

 Both the experimental test systems and the clinical 
studies rely on detectable (mutable) positions, which 
are sites where DNA sequence changes cause 
phenotypic changes.
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Human genetic identityHuman genetic identity

 Genomic sequence Genomic sequence 99.9%99.9% identical identical

 3,200,0003,200,000 nucleotides different nucleotides different

 Single base differences in genomes between Single base differences in genomes between 
any two individuals: ca. any two individuals: ca. 3 million3 million

 Amino acid differences in proteomes Amino acid differences in proteomes 
between any two individuals: ca. between any two individuals: ca. 100,000100,000
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Variation typesVariation types
 Macro:Macro:

• Chromosome numbersChromosome numbers
• Segmental duplications, rearrangements, Segmental duplications, rearrangements, 

and deletionsand deletions
 Medium:Medium:

• Sequence RepeatsSequence Repeats
• Transposable ElementsTransposable Elements
• Short Deletions, Sequence and Tandem Short Deletions, Sequence and Tandem 

RepeatsRepeats (including microsatellites) (including microsatellites)
 Micro:Micro:

• SSingle ingle NNucleotide ucleotide PPolymorphisms (SNPs)olymorphisms (SNPs)
• Single Nucleotide Insertions and Deletions Single Nucleotide Insertions and Deletions 

(Indels)(Indels)
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What are Single Nucleotide What are Single Nucleotide 
Polymorphisms (SNPs)?Polymorphisms (SNPs)?

ATGGTAAATGGTAAGGCCTGAGCCTGAGCCTGACTTAGCGT-ATTGACTTAGCGT-AT
ATGGTAAATGGTAAAACCTGAGCCTGAGTTTGACTTAGCGTCATTGACTTAGCGTCAT
                                                
            snp    snp        indelsnp    snp        indel

SNPs result from replication errors and SNPs result from replication errors and 
DNA damageDNA damage
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Are all SNPs really SNPs?Are all SNPs really SNPs?
 A SNP is found by aligningA SNP is found by aligning  overlapping DNA overlapping DNA 

sequences and identifying variable positionssequences and identifying variable positions

 Two types of errors in SNP findingTwo types of errors in SNP finding
• Inclusion of paralogs in sequence Inclusion of paralogs in sequence 

alignmentalignment
• Sequencing errorsSequencing errors

GCATGCAAGCAGATA
GCATGCACGCAGATA
GCATGCAAGCAGATA
GCATGCAAGCAGATA
GCATGCAAGCAGATA
GCATGCAAGCAGATA
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Application of SNP dataApplication of SNP data

 Study of evolutionStudy of evolution
• Traces evolutionary history of different Traces evolutionary history of different 

populationspopulations
 DNA fingerprintingDNA fingerprinting

• criminal or parental verificationcriminal or parental verification
 Markers for mapping of polygenic traitsMarkers for mapping of polygenic traits
 Genotype-specific medicationGenotype-specific medication
 Most genes contain SNPs Most genes contain SNPs 

• 93% genes have one or more SNPs93% genes have one or more SNPs
• 39% have more than 10 SNPs)39% have more than 10 SNPs)
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Types of SNPsTypes of SNPs
Genic, coding SNPsGenic, coding SNPs

non-synonymousnon-synonymous
Maintaining vs. altering protein structure/functionMaintaining vs. altering protein structure/function

synonymoussynonymous
Maintaining vs. altering splicingMaintaining vs. altering splicing

Genic, non-coding SNPsGenic, non-coding SNPs
Regulatory SNPsRegulatory SNPs

Maintaining vs. altering gene expressionMaintaining vs. altering gene expression
Intronic SNPsIntronic SNPs

Maintaining vs. altering gene expression/splicingMaintaining vs. altering gene expression/splicing
Linked SNPsLinked SNPs

usually intergenicusually intergenic
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Context-dependence of mutationsContext-dependence of mutations
                     
                                                                    

                                                                 
                                          

                                                         GA
                                                G        GA
                                                C        TA
                                                A        TA
                                                A        TA
                                                A        TA
                                        C       AA       TA
            T   G  T                AG  A       AA G     TA         

T
...ACCACCATCCACTACAACTACATGTGTAACAGTTCCTGCATGGGCGGCATGAACCGGAGGCCCA

TC.
    T  T  I  H  Y  N  Y  M  C  N  S  S  C  M  G  G  M  N  R  R  P  

I
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Mutational spectraMutational spectra
 A mutation spectrum is a distribution of mutation 

frequencies along nucleotide sequences and is 
compiled by the analysis of a large number of mutant 
target sequences.

 
                                T             AAAA                   
       TT                       T             TTTT                   
       AT                       G             A                      
       CA          A            T      T      A                      
       AT          G    G       T      G      A                 T    
       AT         AG    GC      A      C      AT                T    
   T   AG    C    AG    GT     AT      T      TT                A       A
   G   CT    G    CG    AT     AT T T  G     GAT     GGG       AG     A C          T         G
  CG  TCT   CC    AT    AT T   CT T T  G T TTGAT     CAT    T  AT     A AG      T  T  C      G  G
ATGT TCAT A ACC  TCTC   AC A  TAT A AG GGG GTTAG   C CATGACTTT TT A A T CT T   GT TT  CT   GCG TG C
GATATCAGCTGATATCCAGCTGGATATCACAGCTGAGATATCAACAGCTGAAGATATCACACAGCTGACAGATATCACCACAGCTGACCAGATATCAGTT 100
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Mutational spectraMutational spectra
 Mutation frequencies vary significantly along 

nucleotide sequences such that mutations often 
concentrate at certain positions called mutation 
hotspots. 

 
                                T             AAAA                   
       TT                       T             TTTT                   
       AT                       G             A                      
       CA          A            T      T      A                      
       AT          G    G       T      G      A                 T    
       AT         AG    GC      A      C      AT                T    
   T   AG    C    AG    GT     AT      T      TT                A       A
   G   CT    G    CG    AT     AT T T  G     GAT     GGG       AG     A C          T         G
  CG  TCT   CC    AT    AT T   CT T T  G T TTGAT     CAT    T  AT     A AG      T  T  C      G  G
ATGT TCAT A ACC  TCTC   AC A  TAT A AG GGG GTTAG   C CATGACTTT TT A A T CT T   GT TT  CT   GCG TG C
GATATCAGCTGATATCCAGCTGGATATCACAGCTGAGATATCAACAGCTGAAGATATCACACAGCTGACAGATATCACCACAGCTGACCAGATATCAGTT 100

 

                Hotspots in immunoglobulin V genes (Betz et al. 1993)
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Mutational spectraMutational spectra

 
                                T             AAAA                   
       TT                       T             TTTT                   
       AT                       G             A                      
       CA          A            T      T      A                      
       AT          G    G       T      G      A                 T    
       AT         AG    GC      A      C      AT                T    
   T   AG    C    AG    GT     AT      T      TT                A       A
   G   CT    G    CG    AT     AT T T  G     GAT     GGG       AG     A C          T         G
  CG  TCT   CC    AT    AT T   CT T T  G T TTGAT     CAT    T  AT     A AG      T  T  C      G  G
ATGT TCAT A ACC  TCTC   AC A  TAT A AG GGG GTTAG   C CATGACTTT TT A A T CT T   GT TT  CT   GCG TG C
GATATCAGCTGATATCCAGCTGGATATCACAGCTGAGATATCAACAGCTGAAGATATCACACAGCTGACAGATATCACCACAGCTGACCAGATATCAGTT 100
  WA  RGYW  WA
  TW  WRCY  TW

       Hotspot positions in RGYW/WRCY and WA/TW mutable motifs 

Mutation hotspots are frequently caused by mutable motifs . 

RGYW/WRCY   (R = A/G, Y = T/C, W = A/T)      G/C mutator
WA/TW          (hotspot positions are underlined)     A/T mutator 
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Mutational spectraMutational spectra
Mutation hotspots in DNA reflect intrinsic properties of the mutation process, 
such as sequence specificity, that manifests itself at the level of interaction 
between mutagens, DNA, and the action of the repair and replication 
machineries. 

The nucleotide sequence context of mutation hotspots is a fingerprint of 
interactions between DNA and repair/replication/modification enzymes, and 
the analysis of hotspot context provides evidence of such interactions. 
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Mutational spectraMutational spectra
Context factors may influence mutation rates:

 Homonucleotide runs and microsatellites
 Direct and inverted repeats 
 Local mononucleotide composition 
 DNA conformation
 Oligonucleotide content  
 higher-level features of gene
 chromatin structure
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MethodsMethods
Various classification and statistical approaches are used for 
analysis of the nucleotide sequence context of mutations hotspots 
(Rogozin, Babenko, Milanesi, Pavlov 2003 Brief. Bionform. 4, 210-227 ).
                         

                                                        DNA polymerase  mutation hotspots in lacZ 
                  _____________________________________________
                  Sequence   Hotspot    Type of   Number of
                             position   changes   mutations
                  _____________________________________________
                  CAATT       3         AG,T,C  15,1,1
                  TTATC      14         AG,C,T  14,1,1
                  GAAAT      21         AG,T    16,2
                  ATAGC      38         AG,T,C  9,2,1
                  CATAG      39         TG,A,C  9,9,2
                  TCATG      46         AG,T    13,1
                  GTAAT      50         AG,T    16,4
                  GAATT      56         AG      17
                  AAACG      70         AG,T    18,3
                  GTAAA      73         AG,T    14,1
                  CGACG      80         AG,T    11,2
                  -----
                   WA    Consensus
                  _____________________________________________
                                          Hotspot positions are underlined.
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MethodsMethods
Correlation between nucleotide sequence features and mutation 
spectra. Nucleotide sequence features (mutable motifs) can be 
correlated with a mutation spectrum and the correlation can be tested 
for statistical significance. 
                                            Motifs
                                        RGYW/WRCY+WA/TW
       AT                                   +     -
   T   AG    C               Mutations     22      7
   G   CT    G 
  CG  TCT   CC               Positions      6     12
ATGT TCAT A ACC
GATATCAGCTGATATCCA           Fisher exact test P = 0.006
     WA  RGYW  WA              (non-random targeting of
  TW  WRCY  TW              mutations to mutable motifs)
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http://www.itb.cnr.it/webmutatio
n
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Hypermutation in HIV-1Hypermutation in HIV-1
The cytidine deaminase APOBEC3G confer resistance to HIV. 
Its antiviral action could be overcome by the presence of virion 
infectivity factor (Vif), encoded by the viral genome. 

 

Vif- 

Vif+ 

U U U 

U U U 

Inviable virus 
progeny  due to 
hypermutations 

APOBEC3G virions 

Viral RNA 

RT 

Viral Vif proteins 

Host Cul5-SCF complex 

Degraded 
APOBEC3G 
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Hypermutation in HIV-1Hypermutation in HIV-1
 

    AAA      AAAAAA              AAAAAAAAAAA           AAAAAAA                                              
    A        AAAAAAA             A                     A                                            A 
    A        A              AAAAAA   AAAAAAA           A                                            A 
    A  A     A     A            AA   A               A A                                            A 
    A  A     A     A            AAA  A           A   A A                                            A 
    A  A     A A A A            AAAA A           A   A A      A           A              A        A A 
  ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTGAACGGCCACAAGTTCAGCGTGTCCGGCGAGG 100
 
 

                                                                                    AAAAAA                     
                                             A                                  A                     
   A                            A            A                 A                AA                    
   A                            A            A  G     A  A G A AA  G         C  AA             G       
  TGGTAAATGTGACAGAAAATTTTAACATGTGGAAAAATGACATGGTAGAACAGATGCATGAGGATATAATCAGTTTATGGGATCAAAGCCTAAAGCCATGT 100

GG mutable motif

GG

Spectrum of mutations in the the GFP gene induced by the over-expression of 
APOBEC3G in E.coli

Spectrum of mutations in HIV-1 DNA in the absence of the Vif protein 
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Hypermutation in HIV-1Hypermutation in HIV-1
Specificity of APOBEC3G for GG sequences, which is frequently a 
part of TGG tryptophan codons, results in a frequent generation of 
TAG nonsense codons which leads to a premature termination of 
protein synthesis. 
The cytidine deaminase APOBEC3G may cause mutations in HIV-1

       W
… TGG …

        *
… TAG …
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HTS Data Project annotationsHTS Data Project annotations

ID   MURA_BACSU     STANDARD;      PRT;   429 AA.
DE   PROBABLE UDP-N-ACETYLGLUCOSAMINE 1-
CARBOXYVINYLTRANSFERASE
DE   (EC 2.5.1.7) (ENOYLPYRUVATE TRANSFERASE) (UDP-N-
ACETYLGLUCOSAMINE
DE   ENOLPYRUVYL TRANSFERASE) (EPT).
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ORIEL & E-BIOSCI
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GRID Networked dataGRID Networked data
The GRID: networked data 
processing centres and 
”middleware” software as the 
“glue” of resources.

Researchers 
perform their 
activities 
regardless 
geographical 
location, 
interact with 
colleagues, share 
and access data

Scientific 
instruments and 
experiments 
provide huge 
amount of data

Laboratory for Interdisciplinary 
Technologies in Bioinformatics
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LITBIO LITBIO Laboratory for Interdisciplinary Laboratory for Interdisciplinary 
Technologies in BIOinformaticsTechnologies in BIOinformatics

Molecular medicine has progressed to the point where the 
majority of human genes and proteins have been characterized 
and computational methods are necessary for further 
understanding of structure, mechanism and function. 

Our aim is to develop a Laboratory for Interdisciplinary 
Technologies in Bioinformatics (LITBIO) applied to Genomics, 
Transcriptomics, Proteomics and Metabolomics. 

http://www.litbio.org


