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Introduction	  

The	   conservation	  of	   intron	  positions	   comprises	   information	  useful	   for	  de	  novo	  
gene	  prediction,	  protein	  sequence	  alignment	  improvement,	  and	  for	  analyzing	  the	  
origin	  of	   introns.	  Here,	  we	  present	  GenePainter,	   a	   standalone	   tool	   for	  mapping	  
gene	   structures	   onto	   protein	   multiple	   sequence	   alignments	   (MSA).	   Gene	  
structures,	   as	   obtained	   for	   example	   by	   using	  WebScipio	  
(http://www.webscipio.org),	   are	   aligned	  with	   respect	   to	   the	   exact	   positions	   of	  
the	   introns	   (down	   to	   nucleotide	   level)	   and	   intron	   phase.	   The	   output	   can	   be	  
visualized	   in	   various	   formats,	   ranging	   from	   plain	   text	   to	   complex	   graphical	  
figures.	  

Installation	  

Unpack	  

Use	  one	  of	  the	  following	  methods,	  depending	  on	  the	  archive	  file	  type:	  
$ unzip gene_painter.zip 
$ tar -xzf gene_painter.tgz 

Compilation	  

No	  compilation	  required.	  

Ruby	  version	  

Ruby	   version	   1.9.2	   or	   higher	   is	   required.	   If	   necessary,	   consider	   using	   Ruby	  
Version	  Manager	  (https://rvm.io/;	  RVM)	  to	  install	  and	  work	  with	  multiple	  ruby	  
environments	  on	  your	  machine.	  	  

Usage	  

$ ruby gene_painter.rb -i <alignment> -p <yaml-files> \ 
[<options>] 
 
 

Option	   Description	  

-‐i	   Multiple	  protein	  sequence	  alignment	  in	  FASTA	  format.	  
-‐p	   Path	  to	  the	  directory	  containing	  the	  gene	  structures	  in	  YAML-‐format.	  
	  
A	   more	   detailed	   description	   of	   the	   MSA	   and	   the	   YAML	   files	   as	   well	   as	   the	  
incorporation	  of	  both	  by	  GenePainter	  is	  given	  in	  the	  Input	  section.	  
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Ruby	  interpreter	  

Invoke	  GenePainter	  via	  one	  of	  the	  following	  options:	  
1. As	  a	  script	  

$ ruby gene_painter.rb 
2. As	  a	  program	  

$ ./gene_painter.rb 
 

Important	  note	  
GenePainter	   assumes	   your	   ruby	   interpreter	   to	   be	   located	   at	  
/usr/local/bin/ruby. This	   assumption	   is	   coded	   in	   the	   first	   line	   of	  
gene_painter.rb	   (Shebang).	   To	   meet	   your	   local	   requirements,	   please	   edit	  
the	   Shebang	   and	   change	   the	   specified	   path	   to	   the	   correct	   one.	  With	   the	   Ruby	  
interpreter	   located	   at	   /usr/bin/ruby,	   the	   Shebang	   should	   look	   like	   this: 
#!/usr/bin/ruby.	  

Example	  

$ ruby gene_painter.rb \ 
-i test_data/coronin_alignment.fas  -o coronin \ 
-p test_data/coronin_genes -svg 1000 500 extended \ 
-pdb test_data/2AQ5.pdb -pdb_prot HsCoro1A 

Options	  

	  
Option	   Description	  

-‐o	  <project_name>	   Base	  name	  of	  the	  output	  file(s)	  (default:	  'genepainter').	  

-‐a	   Output	  the	  alignment	  file	  with	  additional	  lines	  containing	  
intron	  phases.	  

-‐n	   Mark	   introns	  by	   intron	  phase	   instead	  of	   the	  vertical	  bar	  
"|".	  

-‐phylo	  	   For	  phylogenetic	  analysis:	  Mark	  exons	  and	  introns	  by	  "0"	  
and	  "1",	  respectively.	  

-‐s	   Mark	  exons	  by	  "	  "	  instead	  of	  "-‐"	  and	  introns	  by	  “|”.	  

-‐svg	  width	  height	  
[extended	  |	  	  
normal	  |	  
reduced]	  	  	  

Create	  an	  SVG-‐file	  of	  size	  <width>	  x	  <height>.	  
Use	  this	  parameter	  to	  create	  a	  more	  detailed	  svg.	  
Use	  this	  parameter	  to	  create	  the	  normal	  svg	  (default).	  
Use	   this	   parameter	   to	   create	   a	   svg	   focused	   on	   common	  
introns.	  
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Option	   Description	  

-‐start	  X	   Alignment	  position	  to	  start	  (default:	  position	  1).	  

-‐stop	  Y	  	   Alignment	  position	  to	  stop	  (default:	  last	  position).	  

-‐pdb	  file.pdb	  
[chain]	  

Two	   scripts	   for	   execution	   in	   PyMol	  will	   be	   provided.	   In	  
color_exons.py	   the	   consensus	   exons	   are	   colored	   and	   in	  
color_splicesites.py	  the	  splice	   junctions	  of	  the	  consensus	  
exons	  are	  marked	  for	  <chain>	  (default:	  chain	  A).	  

-‐pdb_prot	  
prot_name	  

Use	  protein	  <prot_name>	  as	  reference	  for	  alignment	  with	  
the	  pdb	  sequence	  Default:	  First	  protein	  in	  <alignment>.	  

-‐f	   Force	  alignment	  between	  pdb	  and	  first	  protein	  sequence	  
of	   the	   MSA	   or	   protein	   <prot_name>	   (if	   specified).	   This	  
ignores	   the	   default	   that	   intron	   positions	   will	   only	   be	  
mapped	  if	  the	  alignment	  score	  >	  70%.	  

-‐consensus	  value	  	   Color	  only	  intron	  positions	  conserved	  in	  <value>	  percent	  
of	  all	  genes	  (default:	  80%).	  

-‐ref_prot_struct	   Color	   only	   the	   intron	  positions	   occurring	   in	   the	   gene	   of	  
the	   reference	   protein.	   May	   be	   combined	   with	  
"-‐consensus".	  

-‐penalize_endgaps	   Penalize	   gaps	   at	   the	   end	   of	   the	   alignment	   (behaves	   like	  
the	   standard	   Needleman-‐Wunsch	   algorithm).	   Default:	  
gaps	  at	  the	  end	  of	  the	  alignment	  are	  not	  penalized.	  

Input	  

GenePainter	  expects	  two	  types	  of	  input:	  
1. a	  FASTA-‐formatted	  multiple	  sequence	  alignment	  (MSA);	  
2. a	   folder	   containing	   gene	   structures	   in	   YAML	   format	   as	   specified	   by	  

WebScipio.	  
GenePainter	   combines	   information	   from	   the	   alignment	   with	   gene	   structures.	  
Therefore,	   the	  protein	  names	  from	  the	  MSA	  are	  matched	  with	  YAML	  filenames.	  
Only	   those	   genes,	   which	   can	   be	   matched	   (i.e.	   protein	   name	   equals	   the	   YAML	  
filename)	  will	  be	  analysed.	  	  

Multiple	  protein	  sequence	  alignment	  

This	  file	  must	  be	  a	  multiple	  protein	  sequence	  alignment,	  in	  which	  all	  sequences	  
are	  of	  same	  length.	  Protein	  sequences	  are	  matched	  with	  the	  gene	  structures	  on	  
the	   basis	   of	   the	   FASTA	   header	   and	   file	   names,	   respectively.	   To	   this	   end,	   the	  
FASTA	  header	  must	   be	   exactly	   like	   the	   corresponding	  YAML	   filename	   for	   each	  
gene,	  which	   should	  be	   included	   in	   the	   analysis.	   For	   this	   reason,	   FASTA	  header	  
must	  not	  contain	  any	  blanks	  or	  special	  characters.	  
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YAML	  

For	  the	  analysis,	  GenePainter	  needs	  gene	  structures	  information	  for	  each	  gene	  in	  
a	  specific	   file	   format,	   the	  YAML-‐format	  as	  generated	   for	  example	  by	  WebScipio	  
(http://www.webscipio.org)	  (Figure	  1).	  Moreover,	  all	  gene	  structures	  should	  be	  
located	  in	  the	  same	  directory.	  	  

The	   most	   convenient	   way	   to	   obtain	   YAML-‐formatted	   files	   is	   to	   use	  
WebScipio	  for	  gene	  reconstruction	  and	  download	  the	  resulting	  YAML	  file.	  As	  an	  
alternative	  to	  the	  web	  interface,	  one	  can	  also	  download	  the	  Scipio	  command	  line	  
tool	  from	  the	  web	  interface.	  However,	  one	  can	  also	  rebuild	  YAML	  files	  according	  
to	  the	  specifications	  made	  by	  WebScipio.	  To	  this	  end,	  information	  about	  available	  
keys	  as	  well	  as	  an	  example	  file	  is	  shown	  below	  (Figures	  1-‐4).	  	  

	  
Figure	   1	   –	   Except	   from	   the	   YAML-‐file	   describing	   HsCoro1A.	   This	   file	   is	   part	   of	   the	   test	   data	  
included	  in	  the	  package.	  For	  illustration	  purposes,	  all	  exon	  and	  intron	  descriptions	  but	  the	  very	  
first	  and	  very	   last	  ones	  have	  been	  omitted	   (marked	   in	  yellow).	  Exons	  are	  highlighted	  by	  green	  
boxes	   and	   introns	   by	   red	   boxes.	   The	   keys	   listed	   in	   the	   black	   boxes	   do	   not	   describe	   exons	   or	  
introns	  but	  the	  BLAT	  hit	  in	  general.	  
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Figure	  2	  -‐	  Overview	  about	  all	  keys	  WebScipio	  uses	  to	  generate	  the	  YAML-‐output.	  
	  
	  

	  
	  
Figure	  3	  –	  Overview	  about	  keys	  WebScipio	  uses	  to	  describe	  introns	  and	  exons.	  
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Figure	  4	  –	  Overview	  about	  all	  keys	  WebScipio	  uses	  only	  for	  exons.	  

Meaning	  of	  the	  parameters	  

The	   following	   figures	   illustrate	   some	   of	   GenePainters	   output	   formats	   and	  
options.	  All	   figures	  were	  generated	  with	   test	  data	  comprising	  coronin	  genes	  as	  
included	  in	  the	  archive	  gene_painter.zip.	  
	  

Text-‐based	  output	  

The	  basic	  output	  format	  is	  a	  plain	  text-‐file	  where	  exons	  are	  represented	  as	  minus	  
signs	  and	  introns	  as	  vertical	  bars	  (Figure	  5A).	  A	  more	  detailed	  output	  including	  
intron	  phases	  can	  be	  obtained	  by	  using	  the	  -n option	  (Figure	  5C).	  By	  using	  the	  	  
-s	  option	   (Figure	   5B),	   only	   introns	   are	   represented	   by	  "|".	   Moreover,	   intron	  
phases	   can	   be	   included	   as	   additional	   lines	   in	   the	   given	   alignment	   (Figure	   6A;	  
option	  -a),	  or	  an	  alignment	  based	  on	  the	  presence	  1	  and	  absence	  0	  of	  introns	  for	  
further	  phylogenetic	  analyses	  can	  be	  generated	  (Figure	  6B;	  option	  –phylo).	  
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Figure	  5	  -‐	  Basic	  output	  formats	  of	  GenePainter.	  
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Figure	  6	  -‐	  Intron	  phases	  included	  in	  given	  alignment.	  
	  
	  

Graphical	  output	  

Apart	   from	  text	  based	  output	   formats,	   a	  graphical	  output	   can	  be	  generated.	  To	  
this	   end,	   SVG	   parameters	   need	   to	   be	   set	   with	  -svg <width> <height>	  
[extended|normal|reduced].	   Figure	   7A	   illustrates	   a	   detailed	   SVG	   of	   size	  
1000	  x	  500	  pixel	   (extended	  is	   set).	   In	   contrast,	   the	  basic	  SVG	   (same	  size,	  but	  
with	   normal	   set)	   is	   shown	   in	   Figure	   7B.	   In	   Figure	   7C	   the	   reduced	   SVG	   is	  
shown,	  which	  highlights	  common	  introns.	  In	  order	  to	  restrict	  the	  algorithm	  to	  a	  
certain	  part	  of	  the	  alignment,	  first	  and	  last	  positions	  to	  be	  considered	  can	  be	  set	  
by	  -start and	  -stop,	  respectively.	  Figure	  8	  pictures	  a	  detailed	  SVG	  based	  on	  
only	   part	   of	   the	   given	   alignment	   (domain	   of	   interest,	   alignment	   positions	  1-
612).	  
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Figure	  7	  -‐	  Graphical	  output	  of	  GenePainter.	  
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Figure	  8	  -‐	  Detailed	  graphical	  output	  covering	  only	  domain	  of	  interest.	  
	  
	  

Gene	  structures	  mapped	  to	  protein	  structures	  

Additionally,	   if	  a	  pdb	   file	   is	  specified	  via	  -pdb,	   intron	  positions	  and	  phases	  are	  
mapped	  onto	  protein	  structure.	  Figure	  9A	  demonstrates	  mapping	  of	  the	  exons	  of	  
the	  human	  coronin	  HsCoro1A	  gene	  (-pdb_prot HsCoro1A)	  onto	  the	  protein	  
structure	  of	  mouse	  coronin	  MmCoro1A	  (the	  pdb	  file	  is	  part	  of	  the	  test	  data	  set,	  	  
-pdb test_data/2Aq5.pdb).	   While	   for	   this	   figure	   all	   exons	   that	   are	  
conserved	   in	   at	   least	   80%	   of	   all	   proteins	   are	   considered	   (default),	   Figure	   9B	  
displays	   all	   exons	   present	   in	   the	   reference	   sequence	   (-ref_prot_struct).	  
Accordingly,	  splice	  sites	  are	  shown	  in	  Figures	  9C	  and	  9D.	  In	  this	  output,	  attention	  
is	  drawn	  to	  intron	  phases.	  A	  three-‐color	  scheme	  and	  numbers	  denote	  phases.	  
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Figure	   9	   -‐	  Mapping	   of	   conserved	   exons	   (9A,	   9B)	   and	   intron	  position	   and	  phase	   (9C,	   9D)	   onto	  
protein	  structure.	  
	  
Part	  of	  the	  underlying	  algorithm	  is	  the	  calculation	  of	  a	  global	  alignment	  between	  
reference	  and	  pdb	  sequence.	  Although	  this	  alignment	  is	  a	  simple	  implementation	  
of	  the	  Needleman-‐Wunsch	  algorithm,	  some	  adjustments	  are	  done.	  In	  detail,	  gaps	  
at	   the	   end	  of	   the	   alignment	   are	  not	   penalized.	  This	   is	   particular	   useful,	   as	   pdb	  
sequence	   and	   reference	   sequence	   may	   vary	   in	   length.	   Alignments	   with	   and	  
without	  free	  end	  gaps	  are	  opposed	  in	  Figure	  10.	  
	  

	  
Figure	  10	  -‐	  Aligned	  sequences.	  


