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Goal	
  

•  Obtain	
  sequence	
  for	
  the	
  maize	
  teosinte	
  
branched1	
  gene	
  and	
  then	
  find	
  organisms	
  with	
  
orthologous	
  genes	
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•  Two	
  main	
  versions:	
  NCBI	
  Blast	
  and	
  WU-­‐BLAST	
  



Local	
  vs	
  Global	
  Alignments	
  

For	
  sequences	
  that	
  are	
  divergent,	
  the	
  opAmal	
  global	
  alignment	
  
	
  introduces	
  gaps	
  that	
  can	
  hide	
  biologically	
  relevant	
  informaAon	
  
	
  such	
  as	
  moAfs.	
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•  Only	
  results	
  scoring	
  above	
  a	
  threshold	
  (expect	
  value	
  or	
  e	
  
value)	
  are	
  reported	
  back	
  to	
  the	
  user	
  	
  



BLAST	
  Programs	
  

•  blastn	
  -­‐	
  query	
  DNA,	
  subject	
  DNA	
  
•  blastp-­‐	
  query	
  Protein,	
  subject	
  Protein	
  
•  blastx	
  -­‐	
  query	
  DNA	
  (6	
  frame	
  translaAon)	
  
subject	
  Protein	
  

•  tblastn	
  -­‐	
  query	
  protein	
  -­‐	
  subject	
  DNA	
  (6	
  frame	
  
translaAon)	
  	
  -­‐	
  slow	
  

•  tblastx	
  -­‐	
  query	
  DNA	
  (6	
  frame	
  translaAon),	
  
subject	
  DNA	
  (6	
  frame	
  translaAon)	
  -­‐	
  very	
  slow	
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  -­‐	
  	
  used	
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  detect	
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  Slow,	
  use	
  as	
  the	
  last	
  
resort.	
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•  For	
  addiAonal	
  informaAon	
  on	
  BLAST	
  go	
  to	
  hdp://
blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Web&PAGE_TYPE=BlastDocs	
  

•  Web	
  based	
  BLAST	
  interfaces	
  are	
  designed	
  for	
  low	
  throughput	
  
searching	
  

•  Personalized	
  databases	
  can	
  be	
  generated	
  and	
  subsequent	
  BLASTs	
  
performed	
  using	
  the	
  command	
  line	
  

•  Using	
  the	
  command	
  line	
  BLAST,	
  mulAple	
  sequences	
  can	
  be	
  aligned	
  
simultaneously	
  



Ubuntu	
  

• For	
  PC	
  users	
  I	
  highly	
  recommend	
  gegng	
  Ubuntu	
  
• This	
  can	
  be	
  run	
  as	
  a	
  virtual	
  machine	
  on	
  your	
  PC	
  through	
  
programs	
  such	
  as	
  VirtualBox	
  hdps://www.virtualbox.org/	
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  align	
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length	
  cDNAs	
  that	
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•  For	
  addiAonal	
  models	
  see	
  the	
  man	
  page	
  online	
  at	
  hdp://www.ebi.ac.uk/
~guy/exonerate/exonerate.man.html	
  or	
  on	
  the	
  command	
  line	
  with	
  the	
  -­‐h	
  
opAon	
  	
  
–  exonerate	
  -­‐h	
  



•  Command	
  line	
  example	
  

–  exonerate	
  -­‐-­‐query	
  est_sequences.fasta	
  -­‐-­‐querytype	
  DNA	
  -­‐-­‐target	
  
genome_sequence.fasta	
  –targedype	
  DNA	
  -­‐-­‐model	
  est2genome	
  –showalignment	
  
no	
  -­‐-­‐showvulgar	
  no	
  -­‐-­‐showtargetgff	
  no	
  -­‐-­‐ryo	
  “%qi\t%A\t%qab\t%qae\t%tab\t%tae
\n”	
  –minintron	
  10	
  -­‐-­‐maxintron	
  1500	
  >exonerate_alignment.txt	
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  and	
  cDNA	
  Alignment	
  



•  Command	
  line	
  example	
  

–  exonerate	
  -­‐-­‐query	
  est_sequences.fasta	
  -­‐-­‐querytype	
  DNA	
  -­‐-­‐target	
  
genome_sequence.fasta	
  –targedype	
  DNA	
  -­‐-­‐model	
  est2genome	
  –showalignment	
  
no	
  -­‐-­‐showvulgar	
  no	
  -­‐-­‐showtargetgff	
  no	
  -­‐-­‐ryo	
  “%qi\t%A\t%qab\t%qae\t%tab\t%tae
\n”	
  –minintron	
  10	
  -­‐-­‐maxintron	
  1500	
  >exonerate_alignment.txt	
  

–  The	
  output	
  from	
  this	
  command	
  will	
  be	
  a	
  tab	
  delimited	
  file	
  with	
  the	
  following	
  
columns	
  for	
  each	
  alignment:	
  query_id,	
  target_id,	
  query_start,	
  query_end,	
  
target_start,	
  target_end	
  

–  Note:	
  using	
  this	
  output	
  format	
  the	
  posiAons	
  are	
  in	
  interbase	
  coordinates	
  

•  For	
  complete	
  list	
  of	
  opAons	
  see	
  the	
  man	
  page	
  online	
  at	
  hdp://www.ebi.ac.uk/~guy/
exonerate/exonerate.man.html	
  or	
  on	
  the	
  command	
  line	
  with	
  the	
  -­‐h	
  opAon	
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  Alignment	
  



Whole	
  Genome	
  Alignment	
  

•  MUMmer	
  –	
  designed	
  for	
  rapid	
  alignment	
  of	
  
enAre	
  genomes	
  	
  

•  NUCmer	
  –	
  designed	
  for	
  alignment	
  of	
  conAgs	
  
to	
  another	
  set	
  of	
  conAgs	
  or	
  a	
  genome	
  

•  PROmer	
  –	
  designed	
  for	
  alignment	
  of	
  species	
  
too	
  divergent	
  for	
  DNA	
  alignment	
  using	
  six-­‐
frame	
  translaAon	
  of	
  both	
  input	
  sequences	
  

•  hdp://mummer.sourceforge.net/	
  



Whole	
  Genome	
  Alignment	
  
•  mummer	
  can	
  handle	
  mulAple	
  reference	
  and	
  query	
  sequences	
  

•  Command	
  line	
  usage	
  

–  mummer	
  [opAons]	
  <reference-­‐file>	
  <query-­‐files>	
  
–  mummerplot	
  [opAons]	
  <match	
  file>	
  

•  Example	
  command	
  line	
  

–  mummer	
  –mum	
  –b	
  –c	
  genotype1.fasta	
  genotype2.fasta	
  >	
  output.mums	
  

•  -­‐mum	
  finds	
  all	
  maximal	
  unique	
  matches,	
  -­‐b	
  will	
  compute	
  forward	
  and	
  reverse	
  
complement	
  matches,	
  -­‐c	
  reports	
  all	
  match	
  posiAons	
  relaAve	
  to	
  the	
  forward	
  
starnd	
  

–  mummerplot	
  –x	
  “[0,275287]”	
  –y	
  “[0,265111]”	
  –png	
  output.mums	
  

•  -­‐x	
  sets	
  the	
  x-­‐axis	
  range	
  in	
  the	
  plot,	
  -­‐y	
  sets	
  the	
  y-­‐axis	
  range	
  in	
  the	
  plot,	
  -­‐-­‐png	
  
outputs	
  the	
  plot	
  in	
  .png	
  format	
  

•  AddiAonal	
  opAons	
  are	
  available	
  in	
  the	
  manual	
  or	
  by	
  using	
  the	
  -­‐h	
  opAon	
  for	
  both	
  
mummer	
  and	
  mummerplot	
  

•  Examples	
  for	
  NUCmer	
  and	
  PROmer	
  are	
  available	
  at	
  hdp://mummer.sourceforge.net/
examples/	
  



Whole	
  Genome	
  Alignment	
  

hdp://mummer.sourceforge.net/examples/	
  

Forward	
  MUMs	
  are	
  red	
  and	
  reverse	
  MUMs	
  are	
  green.	
  Dots	
  on	
  a	
  line	
  with	
  a	
  slope	
  =	
  1	
  are	
  
unchanged,	
  and	
  dots	
  on	
  a	
  line	
  with	
  a	
  slope	
  =	
  -­‐1	
  are	
  inverted.	
  



Short	
  Sequence	
  Alignment	
  

•  Vmatch	
  is	
  a	
  tool	
  that	
  is	
  ideal	
  for	
  aligning	
  short	
  
sequences	
  such	
  as	
  probes,	
  primers,	
  and	
  SNPs	
  
with	
  short	
  context	
  sequence	
  

•  This	
  program	
  requires	
  a	
  license	
  

•  hdp://www.vmatch.de/	
  



Overview	
  

•  NavigaAng	
  NCBI	
  to	
  obtain	
  sequences	
  
•  Using	
  BLAST	
  for	
  sequence	
  alignment	
  

•  Using	
  other	
  programs	
  for	
  specialized	
  sequence	
  
alignment	
  	
  

•  Next	
  generaAon	
  sequence	
  alignment	
  
programs	
  



High	
  Throughput	
  Sequencing	
  
Plaxorms	
  

•  Illumina	
  HiSeq	
  1000	
  and	
  HiSeq	
  2000	
  
•  Illumina	
  Genome	
  Analyzer	
  IIx	
  

•  Life	
  Sciences/Roche	
  454	
  pyrosequencing	
  
•  Pacific	
  Biosciences	
  
•  Ion	
  Torrent	
  



High	
  Throughput	
  Sequencing	
  

• HiSeq	
  2000	
  
• Highly	
  parallel	
  sequencing	
  by	
  synthesis	
  
• Single	
  and	
  paired-­‐end	
  reads	
  between	
  50	
  bp	
  and	
  100	
  bp	
  
• 187	
  million	
  single	
  end	
  or	
  374	
  million	
  paired-­‐end	
  reads	
  per	
  lane	
  	
  
• High	
  error	
  rate	
  in	
  the	
  3’	
  end	
  



Sequence	
  File	
  Format	
  

Read	
  Name	
  
Sequence	
  

Quality	
  

Quality	
  scores	
  are	
  in	
  ASCII	
  characters	
  that	
  are	
  converted	
  to	
  Phred	
  scores.	
  
These	
  scores	
  provide	
  a	
  likelihood	
  that	
  the	
  base	
  was	
  called	
  incorrectly.	
  
10	
  –	
  1	
  in	
  10	
  chance	
  the	
  base	
  call	
  is	
  incorrect	
  
20	
  –	
  1	
  in	
  100	
  chance	
  the	
  base	
  call	
  is	
  incorrect	
  
30	
  –	
  1	
  in	
  1000	
  chance	
  the	
  base	
  call	
  is	
  incorrect	
  
Suggest	
  checking	
  the	
  quality	
  of	
  the	
  reads	
  prior	
  to	
  performing	
  sequence	
  
alignments	
  



Read	
  Quality	
  with	
  the	
  FASTX-­‐Toolkit	
  

hdp://hannonlab.cshl.edu/fastx_toolkit/	
  



Read	
  Quality	
  with	
  the	
  FASTX-­‐Toolkit	
  
>fastx_quality_stats	
  –i	
  sequence_file.fastq	
  –o	
  stats.txt	
  

>fastx_quality_boxplot_graph.sh	
  –i	
  stats.txt	
  –t	
  sample1	
  –o	
  quality.png	
  	
  



Read	
  Quality	
  with	
  the	
  FASTX-­‐Toolkit	
  

Bad	
  
Sequence	
  

Good	
  
Sequence	
  



High	
  Throughput	
  Sequence	
  Alignment	
  

•  TradiAonal	
  sequence	
  alignment	
  algorithms	
  
cannot	
  be	
  scaled	
  to	
  align	
  millions	
  of	
  reads	
  



High	
  Throughput	
  Sequence	
  Alignment	
  

•  TradiAonal	
  sequence	
  alignment	
  algorithms	
  
cannot	
  be	
  scaled	
  to	
  align	
  millions	
  of	
  reads	
  

•  UAlize	
  genome	
  indexing	
  such	
  as	
  Burrows-­‐
Wheeler	
  for	
  ultrafast	
  and	
  memory-­‐efficient	
  
alignment	
  programs	
  



High	
  Throughput	
  Sequence	
  Alignment	
  

•  TradiAonal	
  sequence	
  alignment	
  algorithms	
  
cannot	
  be	
  scaled	
  to	
  align	
  millions	
  of	
  reads	
  

•  UAlize	
  genome	
  indexing	
  such	
  as	
  Burrows-­‐
Wheeler	
  for	
  ultrafast	
  and	
  memory-­‐efficient	
  
alignment	
  programs	
  

•  Next	
  generaAon	
  sequence	
  alignment	
  
algorithms	
  are	
  rapidly	
  evolving	
  to	
  
accommodate	
  the	
  increasing	
  sequence	
  
throughput	
  



Tuxedo	
  Suite	
  

•  BowAe	
  –	
  fast	
  and	
  quality	
  aware	
  short	
  read	
  aligner	
  
for	
  aligning	
  DNA	
  and	
  RNA	
  sequence	
  reads	
  (hdp://
bowAe-­‐bio.sourceforge.net/index.shtml)	
  

•  TopHat	
  –	
  fast,	
  splice	
  juncAon	
  mapper	
  for	
  RNA-­‐Seq	
  
reads	
  built	
  on	
  the	
  BowAe	
  aligner	
  (hdp://
tophat.cbcb.umd.edu/)	
  

•  Cufflinks	
  –	
  assembles	
  transcripts,	
  esAmates	
  their	
  
abundances,	
  and	
  test	
  for	
  differenAal	
  expression	
  
and	
  regulaAon	
  using	
  the	
  alignments	
  from	
  BowAe	
  
and	
  TopHat	
  



BowAe	
  

•  Available	
  for	
  Windows,	
  Mac	
  OS	
  X,	
  Linux,	
  and	
  
Solaris	
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BowAe	
  

•  Available	
  for	
  Windows,	
  Mac	
  OS	
  X,	
  Linux,	
  and	
  
Solaris	
  

•  Not	
  a	
  general-­‐purpose	
  alignment	
  tool	
  like	
  
MUMmer,	
  BLAST,	
  or	
  Vmatch	
  

•  Ideal	
  for	
  aligning	
  short	
  reads	
  to	
  large	
  genomes	
  
•  Forms	
  the	
  basis	
  for	
  TopHat,	
  Cufflinks,	
  Crossbow,	
  
and	
  Myrna	
  

•  Online	
  manual	
  (hdp://bowAe-­‐
bio.sourceforge.net/manual.shtml)	
  is	
  very	
  helpful	
  
to	
  understand	
  the	
  opAons	
  that	
  are	
  available	
  



BowAe	
  

•  BowAe	
  Index	
  
–  To	
  print	
  a	
  help	
  screen	
  with	
  the	
  opAonal	
  parameters	
  

•  bowAe-­‐build	
  –h	
  
–  Command	
  line	
  usage	
  

•  bowAe-­‐build	
  [opAons]*	
  <reference_in>	
  <ebwt_base>	
  
–  Example	
  command	
  line	
  

•  bowAe-­‐build	
  chr1.fa,chr2.fa,chr3.fa,chr4.fa	
  test_index	
  
•  AddiAonal	
  opAons	
  can	
  be	
  used	
  to	
  improve	
  performance	
  



BowAe	
  

•  BowAe	
  Index	
  
–  To	
  print	
  a	
  help	
  screen	
  with	
  the	
  opAonal	
  parameters	
  

•  bowAe-­‐build	
  –h	
  
–  Command	
  line	
  usage	
  

•  bowAe-­‐build	
  [opAons]*	
  <reference_in>	
  <ebwt_base>	
  
–  Example	
  command	
  line	
  

•  bowAe-­‐build	
  chr1.fa,chr2.fa,chr3.fa,chr4.fa	
  test_index	
  
•  AddiAonal	
  opAons	
  can	
  be	
  used	
  to	
  improve	
  performance	
  

•  Alignment	
  with	
  BowAe	
  

–  To	
  print	
  a	
  help	
  screen	
  with	
  the	
  opAonal	
  parameters	
  

•  bowAe	
  –h	
  
–  Command	
  line	
  usage	
  

•  bowAe	
  [opAons]*	
  <ebwt>	
  {-­‐1	
  <m1>	
  -­‐2	
  <m2>	
  |	
  -­‐-­‐12	
  <r>	
  |	
  <s>}	
  [<hit>]	
  

–  Example	
  command	
  line	
  for	
  single	
  end	
  reads	
  with	
  our	
  test_index	
  

•  BowAe	
  test_index	
  -­‐-­‐solexa1.3-­‐quals	
  test_index	
  sequence_file.fastq	
  >	
  output_file	
  



BowAe	
  

•  AddiAonal	
  OpAons:	
  

•  Quality	
  aware	
  MAQ-­‐like	
  mode	
  is	
  the	
  default,	
  BowAe	
  can	
  also	
  be	
  run	
  in	
  a	
  non-­‐
quality	
  aware	
  SOAP-­‐like	
  mode	
  
–  BowAe	
  test_index	
  -­‐-­‐solexa1.3-­‐quals	
  –v	
  2	
  test_index	
  sequence_file.fastq	
  >	
  

output_file	
  

–  -­‐v	
  2	
  is	
  specifying	
  that	
  there	
  can	
  only	
  be	
  two	
  mismatches	
  in	
  an	
  alignment	
  

•  -­‐a	
  report	
  all	
  valid	
  alignments	
  
•  -­‐k	
  2	
  report	
  up	
  to	
  2	
  valid	
  alignments	
  

•  -­‐-­‐best	
  report	
  the	
  best	
  alignment	
  

•  -­‐m	
  2	
  do	
  not	
  report	
  any	
  alignments	
  for	
  reads	
  with	
  greater	
  than	
  2	
  reportable	
  
alignments	
  

•  -­‐S	
  print	
  alignments	
  in	
  SAM	
  format	
  which	
  is	
  compaAble	
  with	
  SAMtools	
  for	
  
subsequent	
  variant	
  calling	
  and	
  manipulaAon	
  of	
  the	
  alignments	
  

•  Many	
  other	
  opAons	
  available	
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  Linux	
  and	
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TopHat	
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  a	
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TopHat	
  

•  Available	
  for	
  Linux	
  and	
  OS	
  X	
  
•  Built	
  on	
  BowAe	
  and	
  uses	
  the	
  same	
  genome	
  index	
  
•  Used	
  for	
  alignment	
  of	
  RNA-­‐Seq	
  reads	
  to	
  a	
  
genome	
  

•  OpAmized	
  for	
  paired-­‐end,	
  Illumina	
  sequence	
  
reads	
  >70bp	
  

•  Online	
  manual	
  (hdp://tophat.cbcb.umd.edu/
manual.html)	
  is	
  very	
  helpful	
  to	
  understand	
  the	
  
opAons	
  that	
  are	
  available	
  



TopHat	
  



•  Alignment	
  with	
  TopHat	
  
–  To	
  print	
  a	
  help	
  screen	
  with	
  the	
  opAonal	
  parameters	
  

•  tophat	
  –h	
  
–  Command	
  line	
  usage	
  

•  tophat	
  [opAons]*	
  <index_base>	
  <reads1_1[,...,readsN_1]>	
  [reads1_2,...readsN_2]	
  
–  Example	
  command	
  line	
  for	
  single	
  end	
  reads	
  with	
  our	
  test_index	
  from	
  

before	
  
•  Tophat	
  –o	
  output_directory	
  -­‐-­‐solexa1.3-­‐quals	
  test_index	
  sequence_file.fastq	
  

–  AddiAonal	
  opAons	
  
•  -­‐-­‐max-­‐intron	
  size	
  (default	
  is	
  500kb)	
  
•  -­‐-­‐min-­‐intron	
  size	
  (default	
  is	
  70bp)	
  
•  -­‐-­‐max-­‐mulAhits	
  (default	
  is	
  40)	
  
•  -­‐-­‐mate-­‐inner-­‐dis	
  (required	
  for	
  paired-­‐end	
  alignment	
  mode)	
  
•  -­‐-­‐num_threads	
  N	
  (runs	
  on	
  N	
  CPUs)	
  

TopHat	
  



•  Wiggle	
  tracks	
  can	
  be	
  generated	
  from	
  the	
  TopHat	
  output	
  file	
  accepted_hits.bam	
  

•  Convert	
  to	
  SAM	
  file	
  

–  samtools	
  view	
  –h	
  –o	
  accepted_hits.sam	
  accepted_hits.bam	
  
•  Generate	
  wiggle	
  file	
  

–  wiggles	
  accepted_hits.sam	
  coverage.wig	
  

•  Wiggle	
  tracks	
  are	
  viewable	
  in	
  programs	
  such	
  as	
  Integrated	
  Genome	
  Browser	
  
(hdp://bioviz.org/igb/)	
  

TopHat	
  



AddiAonal	
  Alignment	
  Programs	
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Valuable	
  Resources	
  



QuesAons	
  


