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Today’s	  Programme	  
  Biological	  databases	  
  Brief	  introduc�on	  
– What	  is	  UNIX?	  
– Why	  should	  you	  learn	  UNIX?	  

  Bioinforma�cs	  Core	  Facility	  
  Se�ng	  up	  your	  laptops	  
	  
  Very	  briefly	  on	  the	  Unix	  shell,	  file	  system	  and	  some	  
commands	  

  UNIX	  basics	  exercise	  
  Tomorrow,	  con�nue	  on	  databases	  &	  working	  with	  
biological	  sequences	  

	  

What	  about	  those	  of	  you	  that	  
know	  Unix	  and	  Python	  very	  well?	  
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Bioinforma�cs	  is	  the	  field	  of	  science	  in	  which	  biology,	  
computer	  science,	  and	  informa�on	  technology	  merge	  
to	  form	  a	  single	  discipline.	  The	  ul�mate	  goal	  of	  the	  
field	  is	  to	  enable	  the	  discovery	  of	  new	  biological	  
insights	  as	  well	  as	  to	  create	  a	  global	  perspec�ve	  from	  
which	  unifying	  principles	  in	  biology	  can	  be	  discerned.	  
	  

	   	   	   	  NCBI	  –	  A	  Science	  Primer	  

Biology	  in	  the	  21st	  century	  is	  
being	  transformed	  from	  a	  purely	  
lab-‐based	  science	  to	  an	  
informa�on	  science	  as	  well.	  
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Wikipedia:	  
	  
Bioinforma�cs	  is	  a	  branch	  of	  biological	  science	  which	  deals	  with	  the	  
study	  of	  methods	  for	  storing,	  retrieving	  and	  analyzing	  biological	  data,	  
such	  as	  nucleic	  acid	  (DNA/RNA)	  and	  protein	  sequence,	  structure,	  
func�on,	  pathways	  and	  gene�c	  interac�ons.	  It	  generates	  new	  
knowledge	  that	  is	  useful	  in	  such	  fields	  as	  drug	  design	  and	  development	  
of	  new	  so�ware	  tools	  to	  create	  that	  knowledge.	  Bioinforma�cs	  also	  
deals	  with	  algorithms,	  databases	  and	  informa�on	  systems,	  web	  
technologies,	  ar�ficial	  intelligence	  and	  so�	  compu�ng,	  informa�on	  and	  
computa�on	  theory,	  structural	  biology,	  so�ware	  engineering,	  data	  
mining,	  image	  processing,	  modeling	  and	  simula�on,	  discrete	  
mathema�cs,	  control	  and	  system	  theory,	  circuit	  theory,	  and	  sta�s�cs.	  

Bigger	  than	  biology?	  
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Certainly	  not	  exactly	  clear	  
dis�nc�on	  between	  
bioinforma�cs	  and	  the	  
rest	  of	  science	  
	  
	  
	  
CLS	  (Computa�onal	  Life	  
Science)	  



Jon	  K.	  Lærdahl,	  
Structural	  Bioinforma�cs	  

If	  you	  want	  to	  do	  state-‐of-‐the	  art	  
research	  in	  biology	  or	  molecular	  
medicine	  in	  2014	  you	  need	  

bioinforma�cs/CLS/informa�cs	  
competence!!	  

Some	  examples	  
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Try	  to	  do	  this	  without	  
(bio)informa�cs	  skills?	  
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Nat.	  Protoc.	  5,	  256	  (2010)	  

Lab:	  1	  week	  for	  one	  trained	  engineer?	  
Bioinforma�cs:	  Months	  of	  work!	  	  
This	  is	  the	  real	  research	  work?	  
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Travelled	  around	  in	  China	  	  
and	  took	  blood	  samples	  	  

from	  pandas	  

Wet	  lab?	  

Mostly	  bioinforma�cs,	  	  
isn’t	  it?	  



Jon	  K.	  Lærdahl,	  
Structural	  Bioinforma�cs	  Natur	  477,	  207	  (2011)	  
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Try	  to	  do	  this	  without	  
(bio)informa�cs	  skills?	  

Read	  this	  ar�cle	  as	  part	  of	  
the	  curriculum!	  
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No	  wet	  lab	  biology?	  

Science,	  342,	  186	  (2013)	  



Exome	  sequencing	  detects	  
disease-‐causing	  SNVs	  and	  CNVs	  
in	  Primary	  Immunodeficiencies	  	  

	  
	  
	  
	  

Hanne	  Sørmo	  Sorte,	  PhD	  student	  

Department	  of	  Medical	  Gene�cs	  	  

Oslo	  University	  Hospital	  and	  University	  of	  Oslo	  

Oslo,	  Norway	  

	  



  Mapping	  to	  the	  reference	  genome	  
  IGV:	  Visualiza�on	  tool	  –	  chromosome	  w/	  tracks	  ex	  RefSeq	  genes	  
  Exonic/intronic/intergenic	  regions	  
	  

CGATT…è	  	   ç	  …TATAT	  



	  
	  

Raw	  variants	  

Raw	  reads	  

Mapping	  reads	  to	  
the	  reference	  

Fix	  mate	  informa�on	  	  
Sort	  by	  coordinate	  
Mark	  duplicates	  
Crea�ng	  the	  BAM	  index	  

GATK	  ready	  
BAM	  files	  

Indel	  Realignment	  

Base	  recalibra�on	  

Recalibrated	  BAM	  files	  
(Analysis	  ready	  BAM	  files)	  

Variant	  calling	  

SNPs	   Indels	  

Variant	  recalibra�on	  

Analysis	  ready	  variants	  
SNPs	  /	  Indels	  

Variant	  annota�on	  

Novoalign	  

Picard	  

GATK	  

ANNOVAR	  

Bioinforma�cs	  



Solved	  case	  -‐	  example	  of	  clinical	  u�lity	  
  4	  year	  old	  boy,	  healthy	  un�l	  2	  ½	  
  Feb	  -‐13:	  Anemia	  and	  thrombocytopenia	  –	  virus?	  
	  	  	  	  	  	  normal	  lymphocytes/IgG	  
  Apr-‐13:	  	  

o  respiratory	  distress	  -‐>	  
o  OUS:	  pneumocys�s	  pneumonia	  
o  TlowB-‐NK+	  +	  low	  IgG	  –	  treated	  
o  Chronic	  Rota	  virus	  +	  parvoB19	  

	  –	  not	  able	  to	  cure	   Missense	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Frameshi�	  

W447	  is	  part	  of	  	  	  	  	  	  	  
the	  cataly�c	  pocket	  	  

Confirmed	  by	  radiosensi�vity	  assay	  -‐>	  HSCT	  w/correct	  precondi�oning	  
-‐>	  Now	  completely	  healthy!!	  

  Fall	  -‐13:	  falling	  T-‐cell	  -‐	  develop	  full	  but	  
untypical	  immunodeficiency	  -‐>	  	  
o  Specific	  gene�c	  tests	  nega�ve	  
o  HSCT	  transplanta�on?	  
o  Pretreatment	  condi�oning	  

  Exome	  sequencing:	  LIG4	  (DNA	  ligase	  IV)	  
o  impaired	  DNA	  ds	  break	  rejoining	  
o  Few	  reported;	  different	  presenta�on	  
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  Organized	  collec�on	  of	  data/informa�on,	  in	  
computer-‐readable	  form	  
  Defining	  characteris�cs	  
–  the	  contents	  
–  the	  ontology	  (list	  of	  valid	  terms	  and	  their	  
defini�on,	  vocabulary)	  

–  logical	  structure	  (interrela�onship	  among	  the	  
data)	  

–  data	  format	  	  
–  routes	  for	  data	  retrieval,	  data	  presenta�on	  or	  
analysis	  

–  links	  to	  other	  databases,	  references	  to	  original	  
publica�on	  data	  etc.	  

A.M.	  Lesk,	  Introduc�on	  to	  Bioinforma�cs	  
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Talk	  to	  an	  informa�cian!	  (or	  USIT	  at	  UiO)	  
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already	  available...	  

bioinforma�cs.ca	  –	  links	  directory	  	  
(623	  databases)	  
-‐	  h�p://bioinforma�cs.ca/links_directory	  
	  

MetaBase,	  the	  database	  of	  biological	  
databases	  (1800	  entries)	  

	  -‐	  h�p://metadatabase.org	  
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btw,	  	  the	  bioinforma�cs.ca	  links	  directory	  	  
is	  an	  excellent	  resource	  

bioinforma�cs.ca	  –	  links	  directory	  	  
 	  h�p://bioinforma�cs.ca/links_directory	  
 	  Currently	  

 	  1549	  tools	  
 	  623	  databases	  
 	  174	  “resources”	  

 	  The	  problem	  is	  not	  to	  find	  a	  tool	  or	  
database,	  but	  to	  know	  what	  is	  “gold”	  and	  
what	  is	  “junk”	  
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bioinforma�cs	  
  Na�onal	  Center	  for	  Biotechnology	  Informa�on	  
(NCBI)	  
– part	  of	  the	  US	  Na�onal	  Library	  of	  Medicine	  (NLM),	  
a	  branch	  of	  the	  Na�onal	  Ins�tutes	  of	  Health	  

–  located	  in	  Bethesda,	  Maryland	  
  European	  Bioinforma�cs	  Ins�tute	  (EMBL-‐EBI)	  
– part	  of	  part	  of	  European	  Molecular	  Biology	  
Laboratory	  (EMBL)	  

–  located	  in	  Hinxton,	  Cambridgeshire,	  UK	  
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  Provided	  the	  GenBank	  DNA	  sequence	  database	  since	  1992	  
  Online	  Mendelian	  Inheritance	  in	  Man	  (OMIM)	  -‐	  known	  diseases	  with	  a	  
gene�c	  component	  and	  links	  to	  genes	  
–  started	  early	  1960s	  as	  a	  book	  
–  online	  version,	  OMIM,	  since	  1987	  
–  on	  the	  WWW	  by	  NCBI	  in	  1995	  
–  currently	  >22,000	  entries	  (14,400	  genes)	  

  EST	  -‐	  nucleo�de	  database	  subset	  that	  contains	  only	  Expressed	  Sequence	  Tag	  
records	  

  Gene	  -‐	  genes	  and	  associated	  informa�on	  for	  a	  number	  of	  organisms	  in	  
addi�on	  to	  and	  including	  human	  

  Protein	  sequence	  database	  -‐	  collec�on	  of	  protein	  sequence	  entries	  compiled	  
from	  a	  variety	  of	  sources	  including	  Swiss-‐Prot,	  PIR,	  PRF,	  PDB,	  and	  transla�ons	  
from	  annotated	  coding	  regions	  in	  GenBank	  and	  RefSeq	  

  PubMed	  -‐	  access	  to	  over	  15	  million	  cita�ons	  from	  MEDLINE	  and	  addi�onal	  life	  
sciences	  journals	  

  SNP	  -‐	  repository	  for	  both	  single	  nucleo�de	  subs�tu�ons	  and	  short	  dele�on	  
and	  inser�on	  polymorphisms	  

All	  data	  is	  publicly	  available	  
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NCBI	  databases	  

37	  databases	  that	  
together	  contains	  
over	  690	  million	  
records	  
	  
Nucleic	  Acids	  Res.	  41,	  D8	  
(2013)	  
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  European	  Nucleo�de	  Archive	  (ENA)	  nucleo�de	  sequence	  
database	  

  Ensembl	  -‐	  automa�c	  and	  manually	  curated	  annota�on	  on	  
selected	  eukaryo�c	  (vertebrate)	  genomes	  

  Ensembl	  Genomes	  –	  Ensembl	  for	  “all	  other	  organisms”	  
  UniProt	  –	  protein	  sequence	  and	  func�onal	  informa�on	  
  ChEMBL	  –	  database	  of	  bioac�ve	  compounds	  
  IntAct	  -‐	  repository	  of	  molecular	  interac�ons,	  including	  
protein-‐protein,	  protein-‐small	  molecule	  and	  protein-‐nucleic	  
acid	  interac�ons	  

  CiteXplore	  –	  25	  million	  literature	  abstracts	  including	  
PubMed,	  Agricola	  &	  patents	  

  Gene	  Ontology	  (GO)	  -‐	  controlled	  vocabulary	  to	  describe	  gene	  
and	  gene	  product	  a�ributes	  in	  any	  organism	  

  Gene	  Ontology	  Annota�on	  (GOA)	  –	  GO	  annota�ons	  for	  
proteins	  in	  UniProt	  	  

All	  data	  is	  publicly	  available	  
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GenBank	  
  a	  comprehensive	  public	  database	  of	  nucleo�de	  sequences	  
and	  suppor�ng	  bibliographic	  and	  biological	  annota�on	  

  all	  publicly	  available	  DNA	  sequences	  
  submissions	  from	  authors	  	  
–  web-‐based	  BankIt	  
–  standalone	  program	  Sequin	  

  submissions	  from	  EST	  and	  other	  high-‐throughput	  
sequencing	  projects	  

  daily	  exchange	  of	  data	  with	  ENA	  and	  DNA	  Data	  Bank	  of	  
Japan	  (DDBJ)	  
–  all	  sequences	  submi�ed	  to	  DDBJ,	  ENA,	  or	  GenBank	  will	  end	  up	  
in	  all	  3	  databases	  within	  few	  days	  	  	  	  
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INSDC	  
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Sequin	  –	  for	  submi�ng	  to	  GenBank	  

BankIt	  is	  web-‐
based	  
alterna�ve	  

Link	  to	  “Create	  a	  submission”	  
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Entry	  in	  GenBank	  format	  
	  
	  
April	  2011:	  
 	  126,551,501,141	  bases	  in	  
135,440,924	  sequence	  records	  
in	  the	  tradi�onal	  GenBank	  
divisions	  
 	  191,401,393,188	  bases	  in	  
62,715,288	  sequence	  records	  
in	  the	  WGS	  
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Growth	  of	  GenBank	  

New	  release	  
frequency:	  2	  months	  
	  
Current	  release	  is	  204	  
(Oct,	  2014)	  
	  
Nucleic	  Acids	  Res.	  41,	  
D36	  (2013)	  
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NCBI	  Entrez	  retrieval	  system	  
  Entrez	  is	  the	  most	  widely	  used	  interface	  for	  
informa�on	  retrieval	  from	  the	  NCBI	  databases	  
– search	  engine	  
– web	  portal	  
– global	  query	  of	  all	  (35?)	  NCBI	  databases	  

Link	  to	  “Entrez”	  and	  search	  for	  “Laerdahl”	  


