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Supplementary	
  Figure	
  1.	
  Gene	
  predic:on	
  pipeline	
  (adapted	
  from	
  sharma	
  et.	
  al.	
  2015):	
  Gene	
  predicTon	
  pipeline	
  used	
  to	
  generate	
  highly	
  confident	
  	
  
gene	
  models	
  using	
  both	
  ab-­‐ini&o	
  based	
  and	
  transcript	
  mapping	
  based	
  approaches.	
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  Figure	
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Supplementary	
  Figure	
  2.	
  Low	
  levels	
  of	
  heterozygosity	
  in	
  Pl.	
  halstedii.	
  The	
  histogram	
  shows	
  the	
  frequency	
  distribuTon	
  for	
  
proporTons	
  of	
  aligned	
  reads	
  matching	
  the	
  major	
  allele.	
  ProporTons	
  are	
  based	
  alignment	
  of	
  sequence	
  reads	
  against	
  the	
  P.	
  halstedii	
  
reference	
  assembly.	
  Data	
  are	
  color-­‐coded	
  according	
  to	
  which	
  of	
  the	
  four	
  genomic	
  libraries	
  was	
  used	
  to	
  generate	
  the	
  alignments.	
  
The	
  inset	
  shows	
  the	
  same	
  data	
  as	
  the	
  main	
  figure	
  but	
  with	
  the	
  verTcal	
  axis	
  truncated	
  at	
  10,000.	
  Heterozygous	
  sites	
  would	
  be	
  
expected	
  to	
  generate	
  a	
  major-­‐allele-­‐frequency	
  proporTon	
  close	
  to	
  0.5	
  whilst	
  homozygous	
  sites	
  would	
  fall	
  close	
  to	
  1;	
  therefore,	
  in	
  a	
  
diploid	
  genome	
  with	
  significant	
  levels	
  of	
  heterozygosity,	
  we	
  would	
  expect	
  a	
  bimodal	
  frequency	
  distribuTon	
  with	
  peaks	
  close	
  to	
  0.5	
  
and	
  close	
  to	
  1.	
  The	
  alignment	
  of	
  sequence	
  reads	
  against	
  the	
  reference	
  genome	
  was	
  performed	
  with	
  BWA	
  (Li	
  &	
  Durbin,	
  2009)	
  as	
  
described	
  in	
  the	
  Methods	
  secTon.	
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Supplementary	
  Figure	
  3:	
  A	
  region	
  of	
  apparent	
  heterozygosity	
  on	
  scaffold	
  2386.	
  We	
  aligned	
  sequence	
  reads	
  from	
  the	
  300-­‐bp	
  
genomic	
  library	
  against	
  the	
  the	
  P.	
  halstedii	
  genome	
  assembly	
  using	
  BWA-­‐mem	
  and	
  visualized	
  this	
  11-­‐kb	
  region	
  of	
  the	
  alignment	
  
using	
  IGV.	
  Sequence	
  reads	
  that	
  match	
  mulTple	
  sites	
  on	
  the	
  genome	
  are	
  excluded.	
  The	
  region	
  of	
  apparent	
  heterozygosity	
  is	
  
indicated	
  in	
  the	
  blue	
  rectangle.	
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Supplementary	
  Figure	
  4:	
  A	
  region	
  of	
  apparent	
  heterozygosity	
  on	
  scaffold	
  350.	
  We	
  aligned	
  sequence	
  reads	
  from	
  the	
  300-­‐bp	
  
genomic	
  library	
  against	
  the	
  the	
  P.	
  halstedii	
  genome	
  assembly	
  using	
  BWA-­‐mem	
  and	
  visualized	
  this	
  8.3-­‐kb	
  region	
  of	
  the	
  alignment	
  
using	
  IGV.	
  Sequence	
  reads	
  that	
  match	
  mulTple	
  sites	
  on	
  the	
  genome	
  are	
  excluded.	
  	
  The	
  region	
  of	
  apparent	
  heterozygosity	
  is	
  
indicated	
  in	
  the	
  blue	
  rectangle.	
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Supplementary	
  Figure	
  5:	
  A	
  region	
  of	
  apparent	
  heterozygosity	
  on	
  scaffold	
  350.	
  We	
  aligned	
  sequence	
  reads	
  from	
  the	
  300-­‐bp,	
  1-­‐kb	
  
and	
  8-­‐kb	
  genomic	
  libraries	
  against	
  the	
  the	
  P.	
  halstedii	
  genome	
  assembly	
  using	
  BWA-­‐mem	
  and	
  visualized	
  this	
  300-­‐bp	
  region	
  of	
  the	
  
alignment	
  using	
  IGV.	
  Sequence	
  reads	
  that	
  match	
  mulTple	
  sites	
  on	
  the	
  genome	
  are	
  excluded.	
  	
  The	
  region	
  of	
  apparent	
  heterozygosity	
  
is	
  indicated	
  in	
  the	
  blue	
  rectangle.	
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Supplementary	
  Figure	
  6	
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Supplementary	
  Figure	
  6:	
  RepresentaTon	
  of	
  the	
  genome	
  architecture	
  of	
  Pl.	
  halstedii.	
  



Supplementary	
  Figure	
  7	
  	
  

Supplementary	
  Figure	
  7:	
  ConservaTon	
  of	
  GK9	
  in	
  the	
  oomycete	
  genomes.	
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Red	
  TE	
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A	
   T	
  

PHALS_08782	
  (NRPS_1)	
  

PHALS_06352	
  (NRPS_4)	
  

PHALS_12763	
  (NRPS_3)	
  

PHALS_09218	
  (NRPS_2)	
  

Supplementary	
   Figure	
   8:	
   Domain	
   organisaTon	
   of	
   the	
   NRPS	
   encoded	
   in	
   the	
   P.	
   halstedii	
   genome.	
   AdelylaTon	
   (A),	
  
thiolaTon	
  (T),	
  PQQ	
  binding	
  (PQQ),	
  thioesterase	
  (TE),	
  and	
  reductase	
  (Red)	
  domains	
  are	
  shown,	
  which	
  were	
  idenTfied	
  by	
  
BLAST-­‐P	
  searches.	
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Erythrose-­‐4-­‐phosphate	
  

Chorismate	
  

AROM	
  complex	
  
[EC:4.2.3.4	
  EC	
  4.2.1.10	
  EC:2.5.1.19	
  	
  

EC:2.7.1.71	
  EC:1.1.1.25]	
  
Phal00414	
  

Antranilate	
  

Anthranilate	
  synthase	
  /	
  
	
  indole-­‐3-­‐glycerol	
  phosphate	
  synthase	
  

[EC:4.1.3.27	
  /	
  EC	
  4.1.1.48]	
  
Phal12918	
  (trpE)	
  Phal04175	
  (trpG)	
  /	
  	
  

Phal10982	
  (trpC)	
  

N-­‐(5-­‐Phospho-­‐b-­‐D-­‐	
  
Ribosyl)-­‐anthranilate	
  

Anthranilate	
  
phosphoribosyltransferase	
  

[EC:2.4.2.18]	
  
Phal14355	
  (trpD)	
  

Phosphoribosyl-­‐	
  	
  
Anthranilate	
  /	
  Indole-­‐3-­‐glycerol	
  

Phosphate	
  synthase	
  
	
  isomerase	
  

[EC:5.3.1.24	
  EC:4.1.1.48]	
  
Phal10982	
  

(3-­‐Indoyl)-­‐	
  
glycerolphosphate	
  

Tryptophan	
  synthase	
  
[EC:4.2.1.20]	
  

Phal11107	
  (a-­‐chain)	
  	
  
Phal08276	
  (b-­‐chain)	
  

L-­‐Tryptophan	
  

Auxin	
  

Isochorismate	
   Salicylate	
  

Supplementary	
  Figure	
  9	
  	
  

Supplementary	
  Figure	
  9:	
  Genes	
  involved	
  in	
  the	
  auxin	
  producTon	
  .	
  



Acetyl-­‐CoA	
  

Acetoacetyl-­‐CoA	
  

acetyl-­‐CoA	
  C-­‐acetyltransferase	
  
[EC:2.3.1.9]	
  
Phal00657	
  

3-­‐Hydroxy-­‐3-­‐
methylglutaryl-­‐

CoA	
  

hydroxymethylglutaryl-­‐CoA	
  synthase	
  
[EC:2.3.3.10]	
  
Phal08521	
  

Mevalonate	
  
hydroxymethylglutaryl-­‐	
  

CoA	
  reductase	
  
[EC:1.1.1.88]	
  
Phal06201	
  

Mevalonate	
  kinase	
  
[EC:2.7.1.36]	
  
Phal13254	
  

Mevalonate-­‐5P	
  
phosphomevalonate	
  	
  

kinase	
  
[EC:2.7.4.2]	
  
Phal04490	
  

Mevalonate-­‐5PP	
  
Diphosphomevalonate	
  

decarboxylase	
  
[EC:4.1.1.33]	
  
Phal08502	
  

Isopentenyl-­‐PP	
  
Farnesyl	
  diphosphate	
  

synthase	
  
[EC:2.5.1.1	
  EC:2.5.1.10]	
  

Phal13704	
  

(E,E)-­‐Farnesyl-­‐PP	
  

Geranyl-­‐gernayl-­‐PP	
  

Phytoene	
  synthase	
  
[EC:2.5.1.32]	
  
Phal04511	
  

Diterpenoid	
  
biosynthesis	
  

Phytoene	
  Carotenoid	
  
biosynthesis	
  

Dimethylallyl-­‐PP	
  
isopentenyl-­‐diphosphate	
  	
  

D-­‐isomerase	
  
[EC:5,3,3,2]	
  
Phal03763	
  

Adenylate	
  
isopentenyltransferase	
  

Phal05230	
  (?)	
  

Isopentenyl-­‐AMP	
  Cytokinin	
  

Supplementary	
  Figure	
  10	
  	
  

Supplementary	
  Figure	
  10:	
  Non-­‐funcTonal	
  diterpenoid	
  biosynthesis	
  pathway.	
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Supplementary	
  Figure	
  11	
  

Supplementary	
  Figure	
  11:	
  Genes	
  involved	
  in	
  the	
  brassinolide	
  biosynthesis	
  pathway.	
  



Supplementary	
  Figure	
  12	
  	
  

Supplementary	
  Figure	
  12:	
  MulTple	
  alignment	
  of	
  the	
  Pythium	
  aphanidermatum	
  NLPPya,	
  the	
  Hyaloperonospora	
  
arabidopsidis	
  HaNLP3,	
  and	
  the	
  Plasmopara	
  halstedii	
  Phal06084.	
  Phal06084	
  and	
  HaNLP3	
  both	
  have	
  a	
  Q-­‐rich	
  region	
  and	
  
all	
  residues	
  making	
  up	
  the	
  caTon-­‐binding	
  pocket.	
  Phal06084	
  and	
  HaNLP3	
  also	
  both	
  have	
  an	
  addiTonal	
  disulfide	
  bridge,	
  
only	
  found	
  in	
  one	
  branch	
  of	
  a	
  phylogeneTc	
  tree	
  of	
  oomycete	
  NLPs.	
  



Supplementary	
  Figure	
  13	
  	
  



Supplementary	
  Figure	
  13	
  	
  
Supplementary	
  Figure	
  13:	
  MulTple	
  alignment	
  of	
  the	
  Pythium	
  
aphanidermatum	
  NLPPya	
  and	
  all	
  Plasmopara	
  halstedii	
  NLPs.	
  The	
  Pl.	
  
halstedii	
  genome	
  only	
  encodes	
  two	
  NLPs	
  that	
  contain	
  a	
  complete	
  
caTon-­‐binding	
  pocket.	
  17	
  out	
  of	
  the	
  19	
  PhalNLPs	
  contain	
  a	
  funcTonal	
  
(D-­‐score>0.45)	
  signal	
  pepTde,	
  suggesTng	
  they	
  are	
  secreted.	
  Phal06162	
  
contains	
  a	
  240	
  aa	
  domain	
  between	
  the	
  signal	
  pepTde	
  and	
  the	
  start	
  of	
  
the	
  NEP1	
  domain,	
  a	
  feature	
  not	
  uncommon	
  in	
  this	
  group	
  of	
  NLPs.	
  	
  



Supplementary	
  Figure	
  14	
  

Supplementary	
  Figure	
  14:	
  Phylogeny	
  of	
  the	
  19	
  PhalNLPs	
  compared	
  with	
  378	
  type	
  1	
  NLPs	
  of	
  91	
  different	
  species	
  (53).	
  Neighbor	
  Joining	
  tree	
  
(Mega5,	
  100	
  Bootstraps).	
  All	
  signal	
  pepTdes	
  were	
  removed	
  before	
  alignment.	
  Only	
  bootstrap	
  values	
  >0.6	
  are	
  shown.	
  17	
  of	
  the	
  19	
  PhalNLPs	
  are	
  
of	
  Type	
  1a,	
  lacking	
  the	
  acidic	
  caTon	
  binding	
  pocket	
  required	
  for	
  inducTon	
  of	
  necrosis.	
  Two	
  species-­‐specific	
  expansions	
  can	
  be	
  observed,	
  which	
  
were	
  named	
  group	
  1	
  and	
  group	
  2.	
  The	
  type	
  1	
  NLP	
  Phal06084	
  clusters	
  together	
  with	
  the	
  well-­‐studied	
  HaNLP3	
  (54).	
  



Supplementary	
  Figure	
  15	
  	
  

Supplementary	
  Figure	
  15:	
  MulTple	
  alignment	
  of	
  PhalPseudoNLP1	
  and	
  its	
  closest	
  relaTve	
  Phal14423.	
  PhalPseudoNLP1	
  
encodes	
  a	
  premature	
  stop	
  codon	
  at	
  posiTon	
  337-­‐339	
  (indicated	
  in	
  Bold).	
  



Supplementary	
  Figure	
  16:	
  DNA-­‐based	
  Maximum	
  Likelyhood	
  tree	
  of	
  all	
  PhalNLP	
  genes,	
  including	
  the	
  pseudogene.	
  	
  
The	
  tree	
  is	
  made	
  using	
  Mega5	
  (100	
  bootstraps).	
  

	
  

Supplementary	
  Figure	
  16	
  	
  	
  



Supplementary	
  Figure	
  17	
  	
  

Supplementary	
  Figure	
  17:	
  Expression	
  of	
  the	
  PhalNLPs	
  in	
  two	
  different	
  developmental	
  stages.	
  For	
  clarity,	
  the	
  
difference,	
  and	
  thus	
  the	
  total	
  up-­‐	
  or	
  down-­‐regulaTon	
  is	
  included.	
  Values	
  have	
  been	
  derived	
  from	
  the	
  RNA-­‐seq	
  	
  
expression	
  profiling	
  (See	
  methods).	
  	
  





Supplementary	
  Figure	
  18:	
  Sequence	
  alignment	
  of	
  Kazal-­‐like	
  domains	
  from	
  seven	
  pathogenic	
  oomycetes.	
  
Mul=ple	
  sequence	
  alignment	
  of	
  169	
  Kazal-­‐like	
  domains	
  of	
  seven	
  pathogenic	
  oomycetes.	
  
Out	
  of	
  the	
  169	
  oomycete	
  Kazal-­‐domains	
  of	
  oomycetes,	
  60	
  are	
  from	
  Phytophthora	
  infestans	
  (Pi),	
  
	
  37	
  are	
  from	
  Pythium	
  ul2mum	
  (Pu),	
  4	
  are	
  from	
  Hyaloperonospora	
  arabidopsidis	
  (Ha),	
  8	
  are	
  from	
  
	
  Albugo	
  laibachii	
  (Al),	
  25	
  are	
  from	
  Saprolegnia	
  parasi2ca	
  (Sp),	
  30	
  are	
  from	
  Plasmopara	
  halstedii	
  (Ph)	
  
	
  and	
  5	
  are	
  from	
  Aphanomyces	
  euteiches	
  (Ae).	
  The	
  alignment	
  also	
  includes	
  8	
  addi=onal	
  known	
  Kazal-­‐like	
  
	
  domains	
  present	
  in	
  2	
  serine	
  protease	
  inhibitors	
  from	
  crayfish	
  and	
  a	
  protozoan	
  parasite	
  species,	
  respec=vely.	
  
	
  Out	
  of	
  the	
  8	
  addi=onal	
  Kazal-­‐like	
  inhibitors,	
  4	
  are	
  from	
  the	
  crayfish	
  Pacifastus	
  leniusculus	
  (PAPI-­‐1_d1-­‐d2,	
  CAA56043)	
  	
  
and	
  4	
  from	
  the	
  apicomplexan	
  protozoan	
  parasite	
  Toxoplasma	
  gondii	
  (PI-­‐1_d1-­‐d2,	
  AF121778).	
  The	
  amino	
  acid	
  
residues	
  that	
  defined	
  the	
  Kazal-­‐like	
  family	
  protease	
  inhibitor	
  domain	
  are	
  marked	
  with	
  asterisks	
  (boXom).	
  	
  
The	
  conserved	
  cysteines	
  and	
  their	
  posi=on	
  are	
  numbered	
  in	
  the	
  alignment	
  (top).	
  Cysteine	
  posi=ons	
  three	
  	
  
and	
  six	
  shown	
  in	
  grey	
  are	
  missing	
  in	
  some	
  protease	
  inhibitors	
  domains	
  of	
  P.	
  infestans.	
  The	
  first	
  suffix	
  indicates	
  	
  
the	
  number	
  of	
  the	
  Kazal-­‐like	
  domain	
  from	
  leZ	
  to	
  right	
  of	
  the	
  C-­‐terminal	
  effector	
  domain	
  in	
  mul=domain	
  proteins.	
  	
  
The	
  second	
  suffix	
  indicates	
  the	
  P1	
  amino	
  acid	
  ac=ve	
  residue,	
  which	
  is	
  the	
  central	
  to	
  the	
  specificity	
  of	
  Kazal-­‐like	
  
inhibitors.	
  The	
  third	
  suffix	
  “NS”	
  when	
  present	
  indicate	
  protease	
  inhibitor	
  domains	
  from	
  proteins	
  that	
  
are	
  not	
  predicted	
  to	
  be	
  secreted.	
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Supplementary	
  Figure	
  19.	
  Sequence	
  alignment	
  of	
  cysta8n-­‐like	
  domains	
  of	
  seven	
  pathogenic	
  oomycetes.	
  
Mul%ple	
  sequence	
  alignment	
  of	
  38	
  cysta%n-­‐like	
  domains	
  present	
  in	
  30	
  cysteine	
  protease	
  inhibitors	
  (EPICs)	
  of	
  seven	
  pathogenic	
  
	
  oomycetes.	
  Out	
  of	
  the	
  38	
  oomycete	
  cysta%n-­‐like	
  domains,	
  8	
  are	
  from	
  Phytophthora	
  infestans	
  (Pi),	
  6	
  are	
  from	
  Pythium	
  ul2mum	
  (Pu),	
  	
  
4	
  are	
  from	
  Hyaloperonospora	
  arabidopsidis	
  (Ha),	
  4	
  are	
  from	
  Albugo	
  laibachii	
  (Al),	
  9	
  are	
  from	
  Saprolegnia	
  parasi2ca	
  (Sp),	
  1	
  is	
  from	
  	
  
Plasmopara	
  halstedii	
  (Ph)	
  and	
  6	
  are	
  from	
  Aphanomyces	
  euteiches	
  (Ae).	
  The	
  alignment	
  also	
  includes	
  6	
  cysta%n-­‐like	
  domains	
  present	
  
	
  in	
  6	
  cysteine	
  protease	
  inhibitors	
  from	
  plants	
  (Carica	
  papaya	
  Cp	
  Cysta%n	
  gi|311505),	
  from	
  animals	
  (insect	
  Sarcophaga	
  peregrina	
  Sp_	
  
Sarcocysta%n	
  gi|399335,	
  chicken	
  Gg_Cysta%n	
  P01038,	
  mouse	
  Mm_Cysta%n	
  gi|6226846	
  Mm_Kininogen	
  gi|12643495,	
  human	
  Hs_	
  
Chain	
  A	
  gi14278690).	
  The	
  proposed	
  ac%ve-­‐site	
  residues	
  in	
  cysta%ns,	
  including	
  the	
  N-­‐terminal	
  trunk	
  (NT),	
  first	
  binding	
  loop	
  (L1)	
  and	
  	
  
second	
  binding	
  loop	
  (L2)	
  are	
  indicated	
  in	
  the	
  sequence	
  with	
  a	
  bar	
  (top).	
  The	
  amino	
  acids	
  that	
  define	
  cysta%ns	
  are	
  marked	
  with	
  	
  
asterisks	
  (boZom).	
  The	
  first	
  suffix	
  indicates	
  the	
  number	
  of	
  the	
  cysta%n-­‐like	
  domain	
  from	
  le]	
  to	
  right	
  of	
  the	
  C-­‐terminal	
  effector	
  	
  
domain	
  in	
  mul%domain	
  proteins.	
  The	
  second	
  suffix	
  “NS”	
  was	
  added	
  to	
  protease	
  inhibitor	
  domains	
  from	
  proteins	
  that	
  were	
  not	
  	
  
predicted	
  to	
  be	
  secreted.	
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  Figure	
  20	
  

CRN predictions on the 
ORFs of Pl. halstedii 
genome 

BlastP 476 

BlastP+HMM (full length/Haas) 200/139 

BlastP + Both HMM 125 

BlastP + Both HMM + SignalP v4 (Probability: 0.6) 33 

BlastP + Both HMM + Manual 55 

BlastP + Both HMM + Manual + SignalP v4 (Probability: 0.6) 16 

CRN predictions on the 
protein sequences of Pl. 
halstedii genome 
 

Constructing Pl. halstedii CRNs HMM 49 

Total non-overlapping CRNs in Pl. halstedii genome 77 

Supplementary	
  Figure	
  20:	
  Table	
  is	
  represen%ng	
  the	
  number	
  of	
  candidate	
  CRNs	
  predicted	
  in	
  the	
  current	
  study.	
  	
  	
  	
  	
  



RxLR’	
   dEER	
   Regex	
  

HMM	
  profile	
  	
  	
  

Mo%f’	
   Mo%f	
   Mo%f’	
  

HMM	
  search	
  
using	
  whole	
  secretome	
  

HMM	
  profile	
  	
  	
   HMM	
  profile	
  	
  	
   HMM	
  profile	
  	
  	
  

RxLR’	
  Regex	
  

HMM	
  profile	
  	
  	
  

HMM	
  search	
  

415	
  candidate	
  RxLR	
  like	
  
proteins	
  

HMM	
  search	
  
using	
  whole	
  secretome	
  

HMM	
  search	
  
using	
  whole	
  secretome	
  

HMM	
  search	
  
using	
  whole	
  secretome	
  

Regex	
  +	
  Hmm*	
   Regex	
  +	
  Hmm*	
   Regex	
  +	
  Hmm*	
  

Regex	
  +	
  Hmm*	
  Regex	
  +	
  Hmm*	
  

Regex	
   Regex	
   Regex	
  dEER	
   dEER’	
   dEER’	
  

*	
  e-­‐value	
  <	
  0.05	
  
‘	
  1	
  varia%on	
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Supplementary	
  Figure	
  21.	
  Pipeline	
  used	
  for	
  predic%ng	
  RxLR-­‐like	
  proteins	
  form	
  the	
  P.	
  halstedii	
  protein	
  sequences.	
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A	
   B	
  

C	
  

Method Number 
(SignalP3 
secreted) 

RxLR predictions on 
ORFs of Pl. halstedii 
genome 
 

Heuristic (SigP + RxLR-dEER regex) 40 (40) 

HMM (from Whisson et al. 2007) 61 (15) 

HMM (from Win et al. 2007) 40 (17) 

Heuristic only 25 (25) 

HMM (Whisson only) 42 (3) 

Hmm (Win only) 19 (3) 

Agreed by heuristic and both HMM 11 (11) 

Agreed by heuristic and >= 1 HMM 15 (15) 

Total by any method 108 (46) 

predictions on protein 
sequences of Pl. halstedii 
genome 

Using Pl. halstedii HMM using 4 iterations 260 

Total non-overlapping RxLR-like proteins in 
Pl. halstedii genome 

274 

Supplementary	
  Figure	
  22:	
  (A)	
  Venn-­‐diagram	
  represen%ng	
  the	
  number	
  of	
  RxLR-­‐like	
  effectors	
  predicted	
  from	
  the	
  ORFs	
  of	
  Pl.	
  halstedii.	
  (B)	
  RxLR-­‐like	
  
effector	
  predic%ons	
  using	
  different	
  methods	
  (C)	
  Weblogo	
  visualiza%on	
  of	
  the	
  RxLR-­‐dEER	
  mo%f	
  of	
  the	
  RxLR-­‐like	
  effectors.	
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M -­‐ A K F S P C S R S R C A -­‐ -­‐ -­‐ I L L A I F A L L T C V -­‐ G A V S V A S E S N V -­‐ -­‐ I
M I A K L G P R S H R R C A -­‐ -­‐ -­‐ M L L A I F A L L T C V -­‐ G A V S V A S E S N V -­‐ -­‐ I
M -­‐ A K F S P C S R S R C A -­‐ -­‐ -­‐ I L L A I F A L L T C V -­‐ G A V S V A S E S N V -­‐ -­‐ A
M P L K L A L T P R L S Y F -­‐ -­‐ -­‐ I L L A A L A L L V C I H S G S K V A T A S S V I D A
MV A K F S P C S R S R C A -­‐ -­‐ -­‐ I L P I I L A L L A C V -­‐ G A V S G A T D A N I -­‐ -­‐ A
M S S K A G L I S -­‐ -­‐ -­‐ C A L W L L L L V -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ S T L G V D A H K R L -­‐ -­‐ -­‐
M P L K I A L T P R F S Y F -­‐ -­‐ -­‐ I L L A A L G L L V C I D S G F K V A T A S N V I D A
M I A K F S P C S L R R C A -­‐ -­‐ -­‐ Q L L T I F A L L A C V -­‐ G A V S G T T D A N I -­‐ -­‐ A
MV S K S N P L N -­‐ -­‐ -­‐ C S -­‐ -­‐ -­‐ T L L A L L A L A A S V -­‐ G R V L A T S H S K I T V A
MV A M I V Q C T R T K Y A H S L I L L V A T A L I I F A -­‐ -­‐ -­‐ -­‐ S V V S H S A S -­‐ -­‐ L
M -­‐ A K F S P C S R S R C A -­‐ -­‐ -­‐ I L L A I F A L L T C V -­‐ G A V S V A S E S N V -­‐ -­‐ A
MA F K A I P A Q R R Y C A -­‐ -­‐ -­‐ I L L V A L A L A V S I -­‐ S D A L P T T N S K T F V A
MV A K A S P C S R S R L A -­‐ -­‐ -­‐ T L L T I V V L L A C V -­‐ G G A T V A T D S N T -­‐ -­‐ G
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MV A K F S P C S R S R C A -­‐ -­‐ L I L L A I L A L L A C V -­‐ G A V S V A T + S N V I + A
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K -­‐ P KM L D R A Q G H Q L R G F Q G Y R S L R T F V E I T K D D D D S E E -­‐ R V S -­‐ -­‐
K -­‐ P KM L D R A Q G H Q L R G F Q G Y R S L R T F V E I T K D D D D S E E -­‐ R V S -­‐ -­‐
K -­‐ P K T L D R A Q G H Q L R G F Q G Y R S L R T F L E A T K D D D D S E E -­‐ R V F -­‐ -­‐
R -­‐ N D A L D R E V G G Q I -­‐ -­‐ -­‐ -­‐ -­‐ H R Y L R E S KW T A E Q E D G S P E A R A I G V
K -­‐ P E T L D R S E E R L L R S F H G I R N L R I V E E A M K -­‐ D D D S E E -­‐ R A I -­‐ -­‐
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ L R S -­‐ -­‐ -­‐ -­‐ E V S H D N L E D -­‐ R V L -­‐ -­‐
K -­‐ N D A L D C E V G G Q I -­‐ -­‐ -­‐ -­‐ -­‐ H R Y L R E S KW T A E Q E V G S P E A R A I G V
K -­‐ P E T L G R S E E R L L R S P H G N R N L R T F E E A M K -­‐ D D D S E E -­‐ R A I -­‐ -­‐
S T P V S Y D V V D P N Q V G G -­‐ Q T P R H L R A L G -­‐ -­‐ I E D D D S S V E -­‐ R A F -­‐ -­‐
K -­‐ T I R V D I E T S D R T R S -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
K -­‐ P K P L D R A L G R Q L R G F Q G K R S L R T F V E A T K D D D D S E E -­‐ R V F -­‐ -­‐
S -­‐ A P S L D Q A V T -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ Q T H R H L R A -­‐ -­‐ -­‐ -­‐ Y E D G V N S E E -­‐ K G F -­‐ -­‐
K -­‐ P E T -­‐ -­‐ -­‐ S E G R L L R G L Q G -­‐ -­‐ -­‐ -­‐ -­‐ N F V G T T R N D D E S E E -­‐ R A I -­‐ -­‐
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-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ T D A V K KMA Q A A K N K L T S N N Q A T T N K L F K K L Q
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ N E F A K KM I Q A A K N K L T S N N Q A T T N K L F K S L Q
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ N E F A K KM I Q A A K N K L T S N N Q A T T N K L F K S L Q
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ N E F A K KMA Q A A K N K L T S N N Q A T T N K L F K N L Q
K L S A A T V L Q K L I N S Q P T K K L S T R A M E I L T S N N Q R A T D K L F A S L G
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ T D A V K KMA Q A A K N K L T S N N Q A T T D K L F K K L Q
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ D NW K K -­‐ -­‐ -­‐ -­‐ -­‐ L S L L V K V G S R T K A D K L Y A K H V
K P S T A T V L Q K L I N S Q P T K K R L T R V MG I F T S N N Q R A T D K L F A S L G
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ T D A V K KMA Q A A K N K L T S N N Q A T T D K L F K K L Q
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ P E L N S -­‐ -­‐ -­‐ -­‐ -­‐ M L K I V R P D K Q D K A K N L F V R L K
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ A D P P K S L A N R Q L N T I A T D S K E D E D R V -­‐ -­‐ -­‐ -­‐ -­‐
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ N E F A K KMA Q A A K N K L T S N N Q A T T D K L F K N L Q
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ E G I T K -­‐ -­‐ -­‐ -­‐ -­‐ L A KM L S P N K Q E A A D K L F I N L K
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ I D A M K Q A A R A A K K K F Y -­‐ -­‐ -­‐ Q T A T D K L F K K V K
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V G E I D D K L F Q S T Q F K E WV T T V T K N F K T N T E L A Q A S I A S A L V S H F
V E G T G D K L F Q S A Q F E KWA T T V A K N F K K N P E K A P T S M F S T L A N H Y
V E G T G D K L F Q S A Q F E KWA T T V A K N F K K N P E K A P T S M F S T L A N H Y
V E K T G K E L F Q S A Q F E KWA T T V A K N F K K N P E Q A P T S MA S A L V G H Y
V W E V E S K L F A S T P Y Q KWA A S V M K S Y K K N P E K G Q A A I F S T L V R H H
V G G T D D K L F Q S T Q F K E WV T T V T K N F K T N T E L A Q A S MV S A L V S H F
V G K I T G N F F D T N A F A A W F V A V QMA Y A K T P A K A K V DMV S S L T A R Y
V W K V E S K L F A S T P Y Q KWA A S V M K S Y K K N P E K G Q A A I F S T L V R H H
V G G T D D K L F Q S T Q F K E WV T T V T K N F K T N T E L A Q A S MA S A L V S H F
L H E S T S N L F G N P K F Q EWM R S V E K S Y K K T P E A A D A A MV L T M T T Q F
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ N F G I N K -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ I K D F
V E G T G D K L F Q S T Q F E KWA T T V A K N F K K T P E K V P T S MA S A L V S H Y
L Q K E A P D L F G S P K F Q TWM K S I Q K S Y K K T P E A A D A A MV V T L R G QW
I K E MD G T L F Q S E Q F K L W E T R V T K N F K Q N T E R A Q A S MV S T L T S R F

2 0 0 0 0 0 1 1 2 0 2 0 0 2 0 0 3 0 0 0 2 0 1 7 9 5 4 + 4 0 0 2 0 1 1 1 1 0 1 1 3 4 4 7

	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

V + G T + D K L F Q S T Q F + KWA T T V + K N F K K N P E K A Q A S MV S T L V S H F
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G D E A L A T L L V A A K Q N Y K S A T V A T K L E N A Q L R NW E S A G K T G D D V F
G D E A L A A L L V T A K Q N Y Q S R T V A T K L E N A Q L Q NW E S A G K T G D D V F
G D E A L A A L L V T A K Q N Y Q S R T V A T K L E N A Q L Q NW E S A G K T G D D V F
G D E A L A A L L V T A K Q D L K S R I V A I Q L Q K A Q L Q NW E S A G K T G D D I F
G D D I L A K L V S E A Q P T A A A I R T A K K I E S MQ I A NWV T N R K T E E D I Y
G D E A -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
G D Q A L A KM L A T T E D D K F I R -­‐ -­‐ -­‐ -­‐ E M K A I Q L D NWQ K D K R T V G S V Y
G D D I L A K L V S E A Q P T A A A I R T A K K I E S MQ I A NWV T N R K T E E N I Y
G D E A L A T L L V A A K Q N Y K S G A V A A K L E N A Q L R NW E S A G K T G D D V F
G D D G L A K L L L L E K T S P D T K E MA T R L E G V Q F K NW I D S K Q T A T G A F
G A K K L Q K L -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ T E G V Q T K F Q Q Q Q L N RW E A E G K T S D G V F
G D E A L A A L L V T A K Q N Y Q S R T V A T Q L E N G L L Q NW K S A G K T G D D V F
G D E K L A K V L Q S A MG S S S T K A I A A R L E D V Q F K KW I G E G K T A D D A F
G D E A L A V S L V T A K Q N S K S R P I A T D L E N A Q L Q NW E S A G K T G D D V F
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G D E A L A K L L V T A K Q N Y K S R T V A T K L E N A Q L Q NW E S A G K T G D D V F
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212
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241
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255
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240
232
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240
227
230

D L L K L N D K G E K L F E S P V A A T W I S Y V T K L N T Q N S D E V I F S S L K K L
D L L K L N D K G E K L F E S P V A A T W I S Y M T K L N A Q N S D E V I F S S L K K L
D L L K L N D K G E K L F E S P V A A T W I S Y M T K L N A Q N S D E V I F S S L K K L
K L L K L N G K G E N L F E T P L A P V WM S Y V T Q L N K E N P G E V I F S S L K K L
K L L K L D A D K E G L L R N P L L N T WV S F V K K L D N E D P Y N L L L L K L T K T
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
K L L K L D K E Q D E L L Q S P L I A T W I A Y A T K L D N E D P L G A V F S T L K T Q
K L L K L D A D E K G L L R N P L L NMW I S F V K K L G N E D P Y N L L L L K L R K P
D L L K L N D K G E K L F E S P V A A T W I S Y V T K L N T Q N S D E V I F S S L K K L
K L L K L D Q D A G D I L K N P L V S T WM S Y V -­‐ K L R K E S P I N E M L L Q L K T R
K L L K L D A E G T N I L R S P E L S T WMA F V S K -­‐ Q G K D P Y D F L L F K L R R R
E L L K L S D K G E K L F E T P L A P I WM S Y V T W L N K E N P G E V I F S S L K K L
N L L K L D E K A N D L L K N P V V K T WV S Y V E K L D -­‐ V N P Y E L L L A K L E T H
K L L K L N D K G E K L F E S PMA A TW L A Y L T K L N K K N P E E DM I S S L K R V
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K I E + F P GM K T A P R K F L E S H V G R D + Q R L G + D G S R L L S A G V V + R S N
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D K G E K Q I L L I S S S N P K K G D F L L P K G GWD K G E D V K -­‐ K A A L R E V I E
E K G E H QM L L I S S S N P K K S D F L -­‐ P L G -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
D K G E R E M L M I S S S N P K K R E F L P P K G GWD K G E D I K -­‐ T A A L R E V I E
E K G G G D V L L V S S S N A R K N DW L L P K G GWD K G E T V E -­‐ K A A M R E L I E
D I N S K -­‐ V L L I S S S D T K K G D F L L P K G GWD H G E T I E -­‐ K A V L R E V I E
D Q G E R Q I L L I S S S N P A R G D F L L P K G GWD R G E K I K -­‐ K A A L R E V M E
K K G E Q E I L L V S S S K P T K Y E F M I S K G V G K K T R V L KWQ R C V R S L K K
A E G G G -­‐ I L L I S S S K L D K Q D F I L P K G G L E K G E I A Y -­‐ G A A K R E V L E
D V H G K -­‐ V L L I S S S N P K K G D F L L P K G GWD D G E A I E -­‐ K A V L R E V I E
D T P V R S -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
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E K G G G D V L L V S S S N A R K N DW L L P K G GWD K G E T V E -­‐ K A A M R E L I E
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D K G + G + V L L I S S S N P K K G D F L L P K G GWD K G E T + E -­‐ K A A L R E V I E
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E G G V R -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
E G G V C G Q L W S I L V V DM L T Y L -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
E G G V G G T -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ I MH S L G E T A F K -­‐ -­‐ -­‐ N A L E P S K G Y V
E G G V N G Q -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ L L H K L G E Y P F K -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ K G A T
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E G Y V D -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
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E G G V G G T -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ I MH S L G E T A F K -­‐ -­‐ -­‐ N A L E P S K G Y V
E G G V G G T -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ I MH S L G E T A F K -­‐ -­‐ -­‐ N A L E P S K G Y V
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E G G V G G T L -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ I MH S L G E T A F K -­‐ -­‐ -­‐ N A L E P S K G Y V
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269

281
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-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
Y N S F WM K A D D I F D QW P E S I R Y R I WV S F D D A E KM L K K R P QMA E I V
A Y A Y MM K A S T V Y D DWA E S I R Y R I W L S Y D D A I T L L G K R D Y MA K V V
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
-­‐ R S W I L G A V T I Y T N S R -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
Y E S F L M R S K K V Y E QW S E S R R L R V WV R E C Q S I E I P G E T Q L T V R L L
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
Y N S F WM K A D D I F D QW P E S I R Y R I WV S F D D A E KM L K K R P QMA E I V
Y N S F WM K A D D I F D QW P E S I R Y R I WV S F D D A E KM L K K R P QMA E I V
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Y N S F WM K A D D I + D QW P E S I R Y R I WV S F D D A E KM L K K R P QMA E I V

315
341

313

325
241

343
348

314

353
269

-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
K A T K E K A A L V K T G D L P A MD D T L S K L K F E P
S T G S N A WW -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
F N -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐
K A T K E K A A L V K T G D L P A MD D T L S K L K F E P
K A T K E K A A L V K T G D L P A MD D T L S K L K F E P

-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐ -­‐

	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

K A T K E K A A L V K T G D L P A MD D T L S K L K F E P

rahulsharma
Typewritten Text
Ortholog 4
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-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ M K V L Q L I A L T A L V S S C V A A S A -­‐ -­‐ -­‐ A D P S G L A K T K S D V D
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ M R V L Q L I Y V A A L V L R C A A V K T A T K S H T T S T V K I N S E A D
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ M R V L Q L I C L V A L I S R C A A D T A T T N S H T A S T L K I N S D A D
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ M R V L S L V A L I A F V S S C E A T S A V S N S D K V N V A K L D S G I A
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ M R V L S L V T L L A F V S -­‐ -­‐ -­‐ A Q L I A A N A D Q T G I A A V D S N T A
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ MQ T I Q L I I F V A F V L S R A A A S I S S F S D P T S I V N I N H D A N
M S R Y S MM L L L R L A V L I T F G L S C A V A L A -­‐ -­‐ -­‐ T D S N N V V K S N P T I -­‐
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ M R F L F L L V A V A L A S A E A A E S A A M I H E E A G V S S F N T L T -­‐
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ M R V L S L V T L F T F V S -­‐ -­‐ -­‐ A Q L A A V N A D R T G I A A A D L N T A
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ M R V L S L L T V I A L V S S C E A A T S A -­‐ -­‐ -­‐ -­‐ T T G V V K T D -­‐ -­‐ I T
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ M R V L S L V A L I A L V S S C E A A S A V S N S D K V E V A K L D S G I A
-­‐ -­‐ -­‐ -­‐ -­‐ -­‐ M R V L S L V A L I A L V S S C E A A S A V S N S D K V E V A K L D S G I A
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Supplementary Figure 23: Multiple sequence alignments of the 28 orthologs of RxLR-like effectors.
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  genes.	
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Supplementary Figure 28: Protein length distribution. 
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