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Systems	
  biology	
  for	
  soil	
  
encompassing	
  soils’	
  full	
  complexity:	
  biology,	
  chemistry	
  	
  and	
  

physics	
  in	
  a	
  dynamic	
  structured	
  habitat	
  

	
  

•  community	
  process	
  rates	
  

•  gene	
  phylogene<c	
  diversity	
  and	
  expression,	
  	
  

•  soil	
  structure-­‐biological	
  func<on	
  rela<onships,	
  	
  

•  integra<on	
  of	
  theory	
  and	
  experiment	
  



•  Large	
  datasets	
  –	
  e.g.	
  	
  ̴314	
  million	
  reads	
  of	
  150	
  nucleo<de	
  bases	
  per	
  sample	
  

•  Many	
  genes	
  of	
  interest	
  are	
  poorly	
  represented	
  in	
  databases	
  and	
  poorly	
  studied	
  

1012	
  (trillion)	
  individual	
  

bacteria,	
  the	
  majority	
  have	
  

never	
  been	
  cultured	
  or	
  studied	
  

The	
  Challenge	
  

microbiome	
   extracted	
  DNA	
  	
  

or	
  mRNA	
  
high-­‐throughput	
  sequencing	
  

taxon	
  or	
  species	
  

level	
  analysis	
  –	
  no	
  

func<on	
   protein,	
  func<onal	
  level	
  –	
  no	
  phylogeny	
  

?	
  
phylogene<c	
  

diversity	
  of	
  

func<onal	
  genes	
  



Matsen	
  et	
  al.,	
  BMC	
  Bioinforma<cs	
  2010,	
  11:	
  538	
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Main	
  components	
  of	
  the	
  pipeline	
  

•  Pre-­‐processing	
  the	
  ‘metaomics’	
  dataset	
  

•  Genera<ng	
  the	
  reference	
  dataset	
  

•  HMMER	
  tools	
  used	
  within	
  the	
  pipeline	
  

•  Confirming	
  posi<ve	
  hits	
  

•  Sec<ons	
  for	
  data	
  extrac<on,	
  data	
  

conversion	
  and	
  data	
  visualiza<on	
  



Processing	
  the	
  ‘metaomics’	
  file	
  with	
  quality	
  dataset	
  



GeneraDng	
  the	
  reference	
  MulDple	
  Sequence	
  Alignment	
  

(MSA)	
  

1)	
  Self	
  generated	
  MSA	
  or	
  MSA	
  generated	
  by	
  others	
  

2)	
  Assemble	
  a	
  collec<on	
  of	
  full-­‐length	
  genes	
  sequences	
  

a)	
  Start	
  with	
  a	
  small	
  collec<on	
  of	
  well	
  characterized	
  proteins	
  

b)	
  Use	
  this	
  to	
  generate	
  large	
  collec<ons	
  using	
  BlastP	
  or	
  use	
  

jackhmmer	
  to	
  search	
  for	
  homologous	
  proteins	
  in	
  UniprotKB	
  

c)	
  A	
  larger	
  collec<on	
  of	
  protein	
  is	
  then	
  generated	
  based	
  upon	
  

a	
  common	
  pHMM.	
  It	
  is	
  important	
  to	
  check	
  it	
  to	
  remove	
  par<al	
  

sequences	
  or	
  obvious	
  outliers	
  

d)	
  Extract	
  corresponding	
  nucleo<de	
  sequences	
  from	
  ENA	
  and	
  

then	
  use	
  any	
  tool	
  to	
  generate	
  MSA	
  (e.g	
  MAFFT)	
  

3)	
  Another	
  op<on	
  is	
  to	
  generate	
  a	
  reference	
  set	
  of	
  gene	
  sequences	
  from	
  

the	
  SEED	
  database.	
  



The	
  core	
  hmmer	
  tools	
  used	
  within	
  the	
  pipeline	
  

Hmmbuild,	
  Hmmsearch,	
  Hmmscan,	
  Hmmalign,	
  Phmmer,	
  Nhmmer	
  ,	
  Hmmconvert	
  

Hmmemit,	
  Hmmfetch,	
  Hmmpress,	
  Hmmsim,	
  Hmmstat	
  and	
  Jackhmmer	
  

	
  



Detailed	
  view	
  of	
  HMMSEARCH	
  Wrapper	
  



Workflow	
  secDon	
  used	
  to	
  confirm	
  the	
  posiDve	
  hits	
  

Why	
  	
  confirm	
  the	
  hits?	
  

	
  

To	
  be	
  absolutely	
  sure	
  that	
  the	
  results	
  from	
  

the	
  hmmer	
  search	
  is	
  a	
  set	
  with	
  no	
  false	
  

posi<ves	
  

How	
  to	
  confirm	
  the	
  hits	
  

	
  

Perform	
  transeq	
  transla<on	
  	
  of	
  the	
  

hmmsearch	
  results	
  and	
  search	
  the	
  

translated	
  sequences	
  against	
  UniprotKB	
  



Tool	
  wrappers	
  



Wrappers	
  for	
  data	
  conversion	
  ,	
  data	
  extracDon	
  and	
  

data	
  visualizaDon	
  



Metaomics	
  pipeline	
  in	
  our	
  galaxy	
  instance	
  



Where	
  can	
  you	
  find	
  the	
  tools	
  and	
  the	
  tools	
  wrappers	
  

heps://github.com/Rothamsted/AppliedBioinforma<cs/tree/master/galaxyMetaomics	
  

	
  

We	
  are	
  hiring	
  BioinformaDcs	
  ScienDst	
  



Example application: land-use effects 
upon phosphorus  cycle genes 

Hirsch et al., 2009 Soil Biol Biochem 41, 2021-2024. 
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To search for 976 reference nucleotide 
sequences  (rpoB, 4,029 bases) in a 

576,395,603 sequence  (100 bases) 
dataset……… 

DeCypher teraBLASTn

HMMsearch

6	
  hours,	
  55	
  minutes	
  

48	
  minutes	
  (13	
  hours	
  CPU	
  <me,	
  but	
  used	
  16	
  threads)	
  

pHMM	
  versus	
  BLAST:	
  how	
  do	
  the	
  two	
  

approaches	
  compare?	
  



DeCypher BLAST hits
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pHMM	
  versus	
  BLAST:	
  how	
  do	
  the	
  two	
  

approaches	
  compare?	
  


