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Predict	  the	  3D	  structure	  
adopted	  by	  a	  user-‐supplied	  
protein	  sequence	  

Phyre2 



hKp://www.sbg.bio.ic.ac.uk/phyre2	  



•  “Normal”	  Mode	  
•  “Intensive”	  Mode	  
•  Advanced	  funcWons	  

How does Phyre2 work? 



ARDLVIPMIYCGHGY	   HMM	  

PSI-‐Blast	  

Phyre2 

Hidden	  Markov	  model	  

Capture	  the	  mutaWonal	  propensiWes	  at	  each	  posiWon	  in	  the	  protein	  
	  

An	  evoluWonary	  fingerprint	  	  

User	  sequence	  



~	  100,000	  known	  3D	  structures	  

Phyre2 

HAPTLVRDC…….	  

HMM	  

PSI-‐Blast	  

Hidden	  Markov	  model	  
for	  sequence	  of	  KNOWN	  structure	  

Extract	  sequence	  



~	  100,000	  known	  3D	  structures	  

Phyre2 

HMM	   HMM	   HMM	  

~	  100,000	  hidden	  Markov	  models	  



~	  100,000	  known	  3D	  structures	  

Phyre2 

Hidden	  Markov	  Model	  
Database	  of	  	  
KNOWN	  

STRUCTURES	  



ARDLVIPMIYCGHGY	   HMM	  

PSI-‐Blast	  

Hidden	  Markov	  
Model	  DB	  of	  
KNOWN	  

STRUCTURES	  

Phyre2 

ARDL--VIPMIYCGHGY 
AFDLCDLIPV--CGMAY 

Sequence	  of	  known	  structure	  

Very	  powerful	  –	  	  
able	  to	  reliably	  detect	  extremely	  	  
remote	  homology	  

RouAnely	  creates	  accurate	  models	  even	  	  
when	  sequence	  idenAty	  is	  <15%	  

3D-‐Model	  

HMM-‐HMM	  	  
Matching	  
(HHsearch,	  Soeding)	  



ARDL--VIPMIYCGHGY 
AFDLCDLIPV--CGMAY 
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I	   InserWon	  (handled	  by	  loop	  modelling)	  

Re-‐label	  the	  known	  structure	  
according	  to	  the	  mapping	  from	  
the	  alignment.	  

Homology	  model	  

Query	  

Known	  
Structure	  

From alignment to crude model 



Loop modelling 

d	  

ARDAKQH	  



•  InserWons	  and	  deleWons	  relaWve	  to	  template	  
modelled	  by	  a	  loop	  library	  up	  to	  15	  aa’s	  in	  
length	  

•  Short	  loops	  (<=5)	  good.	  Longer	  loops	  less	  
trustworthy	  

•  Be	  wary	  of	  basing	  any	  interpretaWon	  of	  the	  
structural	  effects	  of	  point	  mutaWons	  

Loop modelling 



Sidechain modelling 



Sidechain modelling 

OpAmisaAon	  problem	  
	  
•  Fit	  most	  probable	  
rotamer	  at	  each	  posiWon	  
	  
•  According	  to	  given	  	  
backbone	  angles	  

• Whilst	  avoiding	  clashes	  



•  Sidechains	  will	  be	  modelled	  with	  ~80%	  
accuracy	  IF……the	  backbone	  is	  correct.	  

•  Clashes	  *will*	  someWmes	  occur	  and	  if	  
frequent,	  indicate	  probably	  a	  wrong	  alignment	  
or	  poor	  template	  

•  Analyse	  with	  Phyre	  InvesWgator	  

Sidechain modelling 



Top	  model	  info	  

Secondary	  structure/disorder	  

Domain	  analysis	  

Detailed	  template	  informaWon	  

Example results 



Example results 



Top	  model	  info	  

Secondary	  structure/disorder	  

Domain	  analysis	  

Detailed	  template	  informaWon	  

Example results 



Example SS/disorder prediction 



•  Based	  on	  neural	  networks	  trained	  on	  known	  
structures.	  

•  Given	  a	  diverse	  set	  of	  homologous	  sequences,	  
expect	  ~75-‐80%	  accuracy.	  

•  Few	  or	  no	  homologous	  sequences?	  Only	  
60-‐62%	  accuracy	  

Secondary structure and disorder 



Top	  model	  info	  

Secondary	  structure/disorder	  

Domain	  analysis	  

Detailed	  template	  informaWon	  

Example results 



Example domain analysis 



•  Local	  hits	  to	  different	  templates	  indicate	  
domain	  structure	  of	  your	  protein	  

•  MulWple	  domains	  can	  be	  linked	  using	  
‘Intensive	  mode’	  

Domain analysis 



Top	  model	  info	  

Secondary	  structure/disorder	  

Domain	  analysis	  

Detailed	  template	  informaWon	  

Example results 



Main results table 

Actual	  Model!	  
Not	  just	  a	  picture	  of	  the	  template	  –	  	  
click	  to	  download	  model	  



How	  accurate	  is	  my	  model?	  
•  Simple	  quesWon	  with	  a	  complicated	  answer!	  
•  RMSD	  very	  commonly	  used,	  but	  oren	  misleading	  
•  Modelling	  community	  uses	  TM	  score	  for	  
benchmarking:	  essenWally	  the	  percentage	  of	  
alpha	  carbons	  superposable	  on	  the	  answer	  within	  
3.5Å.	  PredicWon	  of	  TM-‐score	  coming	  soon.	  

•  Focused	  on	  the	  protein	  core,	  rather	  than	  loops	  
and	  sidechains.	  

Interpreting results 



•  MAIN	  POINT:	  The	  confidence	  esWmate	  
provided	  by	  Phyre2	  is	  NOT	  a	  direct	  indicaWon	  
of	  model	  quality	  –	  though	  it	  is	  related…	  

•  It	  is	  a	  measure	  of	  the	  likelihood	  of	  homology	  
•  Model	  quality	  can	  now	  be	  assessed	  using	  the	  
new	  Phyre	  InvesWgator	  (more	  later)	  

•  New	  measure	  of	  model	  quality	  coming	  soon..	  

Interpreting results 



Sequence	  idenAty	  and	  model	  accuracy	  	  
•  High	  confidence	  (>90%)	  and	  High	  seq.	  id.	  
(>35%):	  almost	  always	  very	  accurate:	  TM	  
score>0.7,	  RMSD	  1-‐3Å	  

•  High	  confidence	  (>90%)	  and	  low	  seq.	  id.	  
(<30%)	  almost	  certainly	  the	  correct	  fold,	  
accurate	  in	  the	  core	  (2-‐4Å)	  but	  may	  show	  
substanWal	  deviaWons	  in	  loops	  and	  non-‐core	  
regions.	  

Interpreting results 



Interpreting results 

100%	  confidence,	  	  
56%	  sequence	  idenWty,	  TM-‐score	  0.9	  



Interpreting results 

100%	  confidence,	  	  
24%	  sequence	  idenWty,	  TM-‐score	  0.8	  



Checklist	  
	  

•  Look	  at	  confidence	  
•  Given	  mulWple	  high	  confidence	  hits,	  look	  at	  %	  
sequence	  idenWty	  

•  Biological	  knowledge	  relaWng	  funcWon	  of	  
template	  to	  sequence	  of	  interest	  

•  Structural	  superposiWons	  to	  compare	  models	  –	  
many	  similar	  models	  increase	  confidence	  

•  Examine	  sequence	  alignment	  

Interpreting results 



Main results table 



Alignment view 



Alignment view 



Checklist	  
	  

•  Secondary	  structure	  matches	  
•  Gaps	  in	  SS	  elements	  indicate	  potenWally	  
wrong	  alignment	  

•  AcWve	  sites	  present	  in	  the	  CatalyWc	  Site	  Atlas	  
(CSA)	  for	  the	  template	  highlighted	  –	  look	  for	  
idenWty	  or	  conservaWve	  mutaWons	  when	  
transferring	  funcWon	  

•  Alignment	  confidence	  per	  residue	  

Alignment interpretation 



•  The	  STRUCTURAL	  effects	  of	  point	  mutaWons	  
on	  structure	  will	  NOT	  be	  modelled	  accurately	  

Checklist	  
•  Is	  it	  near	  the	  acWve	  site?	  	  
•  Is	  it	  a	  change	  in	  the	  hydrophobic	  core?	  	  
•  Is	  it	  near	  a	  known	  binding	  site?	  (can	  predict	  
with	  e.g.	  3DLigandSite)	  

•  Phyre	  InvesWgator	  can	  help	  (see	  later)	  
	  

Mutations 



All	  depends	  on	  your	  purpose.	  
	  

•  Good	  enough	  for	  drug	  design?	  –	  probably	  if	  
the	  sequence	  idenWty	  is	  very	  high	  (>50%)	  

•  SomeWmes	  good	  enough	  if	  far	  lower	  seq	  id	  
but	  accurate	  around	  site	  of	  interest.	  	  

•  High	  confidence	  but	  low	  seq	  i.d.	  sWll	  very	  likely	  
correct	  fold,	  useful	  for	  a	  range	  of	  tasks.	  

	  

Is my model good enough? 



•  “Normal”	  Mode	  
•  “Intensive”	  Mode	  
•  Advanced	  funcWons	  

How does Phyre2 work? 



•  Individual	  domains	  in	  mulW-‐dom	  proteins	  
oren	  modelled	  separately	  

•  Regions	  with	  no	  detectable	  homology	  to	  
known	  structure	  unmodelled	  

•  Does	  not	  use	  mulWple	  templates	  which,	  when	  
combined	  could	  result	  in	  beKer	  coverage	  

Shortcomings of ‘normal’ Mode 

Thus	  need	  a	  system	  to	  fold	  a	  protein	  without	  templates	  
and	  combine	  templates	  when	  we	  have	  them	  



structure	  simplificaAon	  

Protein	  
backbone	  

Small	  hydrophilic	  
sidechain	  

Large	  
hydrophobic	  
sidechain	  

Backbone	  
C-‐alpha	  

Poing – simplified folding model 



ARNDLSLDLVCS…….	   HMM	  

PSI-‐Blast	  

Hidden	  Markov	  
Model	  DB	  of	  
KNOWN	  

STRUCTURES	  

Extract	  pairwise	  	  
distance	  constraints	  

POING:	  Synthesise	  from	  virtual	  ribosome.	  
Springs	  for	  constraints.	  Ab	  iniWo	  modelling	  	  
of	  missing	  regions.	  

FINAL	  MODEL	  
HMM-‐HMM	  	  
matching	  

Phyre + Poing 



Ab	  ini7o	  	  
region	  

Ab	  ini7o	  	  
region	  

junk	  

Reasonable	  	  
Guess.	  Compact	  	  
with	  SS	  elements	  

Modeller	  

Poing	  

High	  accuracy	  

Crude,	  Calpha	  only	  

Modeller	  

Poing	  +	  Modeller	  

Maintains	  detail	  
in	  confident	  
regions	  whilst	  
creaWng	  
‘reasonable’	  ab	  
ini7o	  regions	  

Key	  

Phyre + Poing + Modeller 



Intensive mode 



•  Designed	  to	  handle	  mutliple	  domains	  or	  
proteins	  with	  substanWal	  stretches	  of	  
sequence	  without	  detectable	  homologous	  
structures.	  

•  POOR	  at	  ab	  iniWo	  regions	  
•  GOOD	  at	  combining	  mulWple	  templates	  
covering	  different	  regions	  

Intensive mode 



•  RelaWve	  domain	  orientaWon	  will	  NOT	  generally	  
be	  correct	  if	  those	  domains	  come	  from	  
different	  PDB’s	  with	  liKle	  structural	  overlap.	  

Intensive mode 

✔	  

Query	  

Template	  1	  
Template	  2	  



•  RelaWve	  domain	  orientaWon	  will	  NOT	  generally	  
be	  correct	  if	  those	  domains	  come	  from	  
different	  PDB’s	  with	  liKle	  structural	  overlap.	  

Intensive mode 

✖	  

?	  

Query	  

Template	  1	  
Template	  2	  



•  B-‐factors	  in	  final	  model	  indicate	  ab	  iniWo	  vs.	  
template-‐based	  modelled	  regions	  

•  Can	  be	  slow	  on	  large	  proteins	  and	  limited	  to	  
1,000	  residues.	  

•  Under	  acWve	  development	  –	  improved	  version	  
available	  in	  a	  few	  months.	  

Intensive mode 



“Intensive”	  does	  not	  always	  equal	  “BeZer”!	  
	  

Checklist	  
•  Always	  use	  normal	  mode	  first	  to	  understand	  
what	  regions	  can	  be	  well	  modelled	  

•  MulWple	  overlapping	  high	  confidence	  
domains?	  Good,	  try	  intensive.	  Otherwise	  skip	  
it.	  

•  Danger	  of	  “spaghewficaWon”	  
•  AcWve	  development,	  new	  version	  ‘soon’	  

Intensive mode 



•  “Normal”	  Mode	  
•  “Intensive”	  Mode	  
•  Advanced	  funcWons	  

How does Phyre2 work? 



Advanced functions 

Register	  and	  Log	  in	  to	  access	  Expert	  Mode	  



•  PhyreAlarm	  –	  automaWcally	  re-‐run	  tricky	  sequences	  every	  week	  

•  BackPhyre	  –	  compare	  a	  structure	  to	  up	  to	  30	  genomes	  

•  One-‐To-‐One	  Threading	  –	  use	  specfic	  PDB	  for	  model	  
building	  

•  Batch	  Jobs	  –	  run	  many	  sequences	  at	  once	  

•  Job	  Manager	  –	  keep	  track	  of	  your	  jobs	  and	  history	  

Advanced functions 



•  SomeWmes	  no	  confident	  homology	  detected	  
•  AutomaWcally	  try	  every	  week	  as	  new	  
structures	  are	  deposited	  in	  the	  PDB	  

•  Receive	  an	  email	  if	  hit	  found	  
•  PhyreAlarm	  auto-‐suggested	  in	  cases	  where	  
sequence	  has	  low	  coverage	  by	  confident	  hits	  

•  Two	  clicks	  adds	  your	  sequence	  to	  the	  alarm	  
queue	  

PhyreAlarm 



SVYDAAAQLTADVKKD…….	  

PhyreAlarm 

HMM	  

Newly	  added	  
structure	  
HMMs	  

HMM-‐HMM	  
matching	  

User	  sequence	  

Confident	  hit?	  

Newly	  solved	  PDB	  	  
Structures	  added	  WEEKLY	  

Yes	  

No	  

Try	  again	  next	  week	  

Perform	  full	  
Phyre	  

modelling	  
Email	  results	  
New	  3D	  model	  



•  PhyreAlarm	  –	  automaWcally	  re-‐run	  tricky	  sequences	  every	  week	  

•  BackPhyre	  –	  compare	  a	  structure	  to	  up	  to	  30	  genomes	  

•  One-‐To-‐One	  Threading	  –	  use	  specfic	  PDB	  for	  model	  
building	  

•  Batch	  Jobs	  –	  run	  many	  sequences	  at	  once	  

•  Job	  Manager	  –	  keep	  track	  of	  your	  jobs	  and	  history	  

Advanced functions 



•  Does	  a	  structure	  I’m	  interested	  in	  exist	  in	  an	  
organism?	  

•  30	  searchable	  genomes	  to-‐date.	  	  
•  Scan	  mulWple	  genomes	  at	  a	  Wme.	  Quite	  fast.	  
•  New	  version	  will	  allow	  users	  to	  upload	  their	  
own	  genomes	  of	  interest.	  

BackPhyre 



SVYDAAAQLTADVKKDLRDSW	  
KVIGSDKKGNGVALMTTLFAD	  
NQETIGYFKRLGNVSQGMAND	  
KLRGHSITLMYALQNFIDQLD	  
NPDSLDLVCS…….	  

BackPhyre 

HMM	  

Hidden	  
Markov	  

Model	  DB	  of	  
Genomes	  

HMM-‐HMM	  
matching	  

User	  structure	  

Rank	   Hit	   Confid-‐
ence	  

1	   Gi…	  

2	   Gi..	  

3	   Gi..	  

.	   .	  

.	   .	  

Ranked	  list	  of	  
genome	  hits	  



•  PhyreAlarm	  –	  automaWcally	  re-‐run	  tricky	  sequences	  every	  week	  

•  BackPhyre	  –	  compare	  a	  structure	  to	  up	  to	  30	  genomes	  

•  One-‐To-‐One	  Threading	  –	  use	  specfic	  PDB	  for	  model	  
building	  

•  Batch	  Jobs	  –	  run	  many	  sequences	  at	  once	  

•  Job	  Manager	  –	  keep	  track	  of	  your	  jobs	  and	  history	  

Advanced functions 



•  Useful	  if	  you:	  
a)	  Know	  a	  beKer	  template	  than	  found	  by	  Phyre2	  
b)	  Have	  your	  own	  structure	  not	  yet	  in	  the	  PDB	  
c)	  Model	  a	  a	  lower-‐ranked	  (>20)	  template	  	  
d)	  Want	  more	  expert	  control	  over	  alignment	  
opWons:	  local/global,	  secondary	  structure	  
weight	  etc.	  

One-to-One Threading 



SVYDAAAQLTADVKK
DLRDSWDLVCS…….	  

One to one threading 

HMM	  of	  
User	  

structure	  

HMM-‐HMM	  
matching	  

User	  structure	  

KLRGHSITLMYALQN	  
NPDSLDLVCS…….	  

User	  sequence	   HMM	  of	  
user	  

sequence	  

Final	  model	  



•  PhyreAlarm	  –	  automaWcally	  re-‐run	  tricky	  sequences	  every	  week	  

•  BackPhyre	  –	  compare	  a	  structure	  to	  up	  to	  30	  genomes	  

•  One-‐To-‐One	  Threading	  –	  use	  specfic	  PDB	  for	  model	  
building	  

•  Batch	  Jobs	  –	  run	  many	  sequences	  at	  once	  

•  Job	  Manager	  –	  keep	  track	  of	  your	  jobs	  and	  history	  

Advanced functions 



•  Only	  Normal	  mode	  for	  speed	  consideraWons	  
•  Sequences	  are	  processed	  more	  slowly	  than	  
individual	  submissions	  to	  maintain	  user	  
experience	  

•  Batch	  job	  progress	  can	  be	  monitored,	  view	  
intermediate	  results	  

•  100	  Sequences	  by	  default.	  Use	  the	  My	  
Account	  page	  to	  request	  an	  increase	  (up	  to	  
1-‐2k)	  

Batch Jobs 



Batch Jobs 



•  PhyreAlarm	  –	  automaWcally	  re-‐run	  tricky	  sequences	  every	  week	  

•  BackPhyre	  –	  compare	  a	  structure	  to	  up	  to	  30	  genomes	  

•  One-‐To-‐One	  Threading	  –	  use	  specfic	  PDB	  for	  model	  
building	  

•  Batch	  Jobs	  –	  run	  many	  sequences	  at	  once	  

•  Job	  Manager	  –	  keep	  track	  of	  your	  jobs	  and	  history	  

Advanced functions 



•  Only	  available	  if	  logged	  in	  
•  Shows	  complete	  job	  history,	  sequence,	  top	  hit	  
summary	  

•  Allows	  deleWon	  and	  renewal	  of	  jobs	  (they	  
expire	  arer	  30	  days)	  

Job manager 



Job manager 



Predict	  ligand	  and	  binding	  sites	  from	  structure	  
	  

•  If	  a	  Phyre2	  hit	  is	  sufficiently	  confident….	  
•  Top	  model	  sent	  automaWcally	  to	  3DLigandSite	  
for	  ligand	  binding	  site	  predicWon	  

•  Sequences	  submiKed	  to	  3DLigandSite	  
automaWcally	  sent	  to	  Phyre2	  for	  modelling	  

3DLigandSite 



3DLigandSite 

3DLigandSite	  

Currently	  a	  link	  near	  boKom	  of	  Phyre2	  Results	  

New	  version	  will	  have	  an	  embedded	  JSMol	  viewer,	  
summary	  table	  of	  results	  within	  Phyre2	  web	  page	  

Confident	  hit?	  

Sequence	  only?	  



Transmembrane helices 

If	  confidently	  predicted	  to	  contain	  membrane	  helices,	  
topology	  predicWon	  run.	  (Machine	  learning	  approach	  
esWmated	  to	  be	  85%	  accurate)	  

Memsat-‐SVM,	  Nugent	  &	  Jones,	  2009	  



Phyre	  InvesWgator	  

•  What	  parts	  of	  a	  model	  are	  reliable?	  
•  What	  parts	  may	  be	  funcWonally	  important?	  
(guide	  mutagenesis,	  understand	  mutants/
SNPs)	  

•  What	  residues	  are	  involved	  in	  interacWons	  
with	  other	  proteins?	  	  



•  Clashes	  
•  Rotamer	  outliers	  
•  Ramachandran	  outliers	  
•  ProQ2	  model	  quality	  assessment	  
•  Alignment	  confidence	  (HHsearch)	  
•  ConservaWon/evoluWonary	  trace	  (Jenson-‐Shannon	  divergence	  

–far	  faster	  and	  just	  as	  accurate	  as	  ET)	  
•  CatalyWc	  Site	  Atlas	  
•  Disorder	  
•  Pocket	  detecWon	  (Fpocket)	  
•  Protein	  interface	  residues	  (PI-‐Site,	  ProWnDB)	  
•  Conserved	  Domain	  Database	  ‘conserved	  features’	  for	  NCBI-‐

curated	  domains	  

Phyre Investigator 



•  Will	  a	  SNP	  effect	  my	  protein’s	  funcWon?	  
•  New	  method:	  SuSPect	  by	  Chris	  Yates	  
•  Integrated	  into	  Phyre	  InvesWgator	  
•  Also	  standalone	  server	  

Effect	  of	  MutaWons?	  

Phyre Investigator 



Phyre Investigator 



Phyre Investigator 



Future	  
New	  paper	  in	  Nature	  Protocols:	  
The	  Phyre2	  web	  portal	  for	  protein	  modelling,	  predicAon	  	  
and	  analysis	  	  
	  
AwaiWng	  proofs,	  should	  be	  out	  in	  a	  few	  weeks	  at	  most	  
	  



2015:	  Complex	  building	  
	  	  

Phyre	  Assembly	  Point	  
	  



Scan	  via	  sequence	  or	  structure	  

against	  database	  of	  complexes	  
User	  model/	  
Crystal	  structure	  

Matches	  between	  your	  structure	  
And	  complexes	  containing	  a	  	  
homologous	  
structure	  

Complex	  building 

Database	  of	  
known	  

complexes	  
(homo	  and	  
hetero)	  



User	  chooses	  which	  complex	  	  
Is	  desired	  and	  which	  chains	  	  
to	  subsWtute	  

Complex	  building 



Rotate	  user	  model	  onto	  
Structural	  homologue	  

Crude	  
Predicted	  complex	  

Remove	  	  
Structural	  
homologue	  

Refinement,	  clash	  check	  
Interface	  quality	  check	  

Final	  complex	  and	  
Quality	  assessment	  

Complex	  building 



•  Include	  RoseKa	  relax	  protocol	  for	  the	  complex	  
•  Report	  clashes	  
•  Report	  quality	  of	  interface	  –	  invesWgate	  
exisWng	  scoring	  schemes	  

•  Generalise	  to	  permit	  users	  to	  upload	  mulWple	  
structures	  

•  Scan	  and	  find	  exisWng	  complexes	  that	  contain	  
structural	  homologues	  of	  the	  input	  models	  in	  
different	  combinaWons	  

Complex	  building 



PhaserPhyre	  



•  Searching	  Topology	  with	  Rapid	  Matching	  
•  Structural	  search	  and	  alignment	  of	  the	  enAre	  
PDB	  in	  under	  1	  minute.	  

•  Go	  directly	  from	  a	  Phyre2	  model	  and	  find	  all	  
other	  similar	  structures	  rapidly.	  

•  Beta	  release	  in	  1-‐2	  months.	  Interface	  under	  
developement	  

PhyreStorm 



•  Jalview	  users	  can	  submit	  their	  sequence	  to	  
Phyre2	  directly	  within	  the	  Jalview	  desktop	  app	  
or	  web	  applet	  

•  Should	  be	  in	  place	  in	  1-‐2	  months	  
•  Later,	  allow	  Phyre2	  users	  to	  directly	  load	  their	  
model	  and	  alignments	  into	  Jalview	  

•  Work	  with	  Geoff	  Barton	  and	  Jim	  Procter,	  
Dundee	  

Jalview	  IntegraWon 



Feedback	  welcome 

•  Ease	  of	  use	  –	  what’s	  clear/unclear	  on	  the	  site?	  
•  FuncWonality	  –	  is	  there	  something	  you	  wish	  it	  
could	  do	  that	  it	  doesn’t?	  

•  Contact:	  
– Anonymous	  feedback	  on	  Phyre2	  Worshop	  page	  
– TwiKer	  (@phyre2server)	  
– Google	  Groups	  (groups.google.com/group/phyre)	  
– Email	  (l.a.kelley@imperial.ac.uk)	  


