
TEAM	  G-‐KNOME:	  
What	  makes	  a	  vibrio	  a	  vibrio?	  

Hannes:	  The	  Core	  Master	  
Chiharu:	  The	  Pathway	  Master	  

Leah:	  The	  Tree	  Master	  
Stefan:	  The	  Iron	  Master	  

Maeva:	  MasterBLAST	  (aka	  Pie	  Master)	  
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My	  quesJon	  	  
What	  is	  the	  difference	  of	  Vibrio	  between	  their	  locaJons	  ??	  	

Proposal Name categoly 

Vibrio cholerae IEC224 H 

Vibrio cholerae LMA3894-4 H 

Vibrio cholerae M66-2 H 

Vibrio cholerae MJ-1236 H 
Vibrio cholerae O1 bv El Tor, 

N16961 H 

Vibrio cholerae O395 H 

Vibrio cholerae O395 H 
Vibrio cholerae serotype O1 

2010EL-1786 H 
Vibrio furnissii 2510/74, NCTC 

11218 H 
Vibrio parahaemolyticus RIMD 

2210633 H 

Vibrio vulnificus CMCP6 H 

Vibrio vulnificus M06-24/O H 

Vibrio vulnificus YJ016 H 

Vibrio anguillarum 775 SO 

Vibrio fischeri ES114 SO 
Vibrio fischeri MJ11 SO 

Vibrio splendidus LGP32 SO 
Vibrio harveyi BB120, ATCC 

BAA-1116 SW 
Vibrio sp. EJY3 SW 
Vibrio sp. Ex25 SW 

Human	  pathogen	  vs	  	  
sea	  organisim’s	  symbiote	  	  vs	  
free	  living	  in	  sea	  water	  	  	

Hypothesis	  
•  Does	  they	  have	  category	  
unique	  genes?	  

→Does	  the	  unique	  genes	  gives	  
benefits	  to	  live	  their	  own	  
locaJon	  ?	  	  



Sea	  organism	

Human	  
pathogen	 Sea	  water	  

Core	  genes	

Unique	  core	  genes	



Methods	

IMG	 python	 Pathway	  
tools	

Gene	  Comparison	
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Methods	

IMG	 python	 Pathway	  
tools	

Make	  the	  gene	  list	  of	  unique	  core	

Mapping	  the	  genes	  on	  
reference	  genome	



Sea	  organism	

Human	  
pathogen	 Sea	  water	  

105	  	

545	  	67	  	

Core	  genes	

Unique	  core	  genes	



	  Sea	  Organism	  group	  unique	  gene	  	



Drag	  Genome	  Data	  

•  7	  “drag”	  vibrio	  
genomes	  
–  Annotated	  conJgs	  

•  Isolated	  from	  
anemones	  

•  Samples	  chosen	  based	  
on	  MLST	  

•  2009-‐2012	   hjp://www.stanford.edu/~siegelr/california/waddellbeach.html	  



Sequence	  alignment	  



Sequence	  alignment	  



Tree	  based	  on	  the	  
16S	  rRNA	  gene	  

	  	  
	  Drag	  genomes	  
	  Reference	  genomes	  
	  Blast	  hits	  to	  HA8U	  



Tree	  based	  on	  kr/
alfy	  distances	  



Homologous	  
genome	  phylogeny	  

	  	  

Bertel	  et	  al.	  2013	  
	  	  



Ferrichrome	  ABC	  Transporter:	  ATP-‐
binding	  protein	  

•  Cyclic	  hexa-‐pepJde	  
that	  complexes	  
with	  iron	  
–  Siderophore	  

	  
•  Transmembrane	  
protein	  

•  UJlizes	  energy	  
from	  hydrolysis	  of	  
ATP	  

hjp://en.wikipedia.org/wiki/File:Ferrichrome.png	  

hjp://biocyc.org/BHAL272558/NEW-‐IMAGE?type=GENE&object=GJC5-‐3395	  



Tree	  based	  on	  the	  
Ferrichrome	  ABC	  
transporter	  (ATP	  
binding	  protein)	  



Iron-‐acqusiJon	  and	  iron-‐containing	  
genes	  

•  Annotated	  genes	  of	  our	  7	  Vibrio-‐strains	  
•  Annotated	  genes	  of	  5	  database	  strains	  
à SEED	  list	  of	  genes	  for	  iron	  acquisiJon	  and	  
metabolism	  (reference)	  

-‐	  Script	  to	  look	  for	  iron-‐acqusiJon	  genes	  
-‐	  Script	  to	  look	  for	  iron-‐containing	  genes	  
	  



PA2G 1 1 1 0 0 0 1 0 0 0 0 0 1 1 0 0 0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 0 0 0 1 1 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HA7E 1 1 1 0 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PA1E 1 1 1 0 1 1 1 1 0 0 1 1 1 1 0 1 0 1 1 1 1 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PA2D 1 1 1 0 1 1 1 1 0 0 1 1 1 1 0 1 0 1 1 1 1 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PA16E 1 1 1 0 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HA8U 1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1 1 1 0 0 0 0 1 1 1 1 0 1 1 1 1 1 0 1 1 1 0 1 0 0 0 1 1 1 1 1 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HA8H 1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1 1 1 0 0 0 0 1 1 1 1 0 1 1 1 1 1 0 1 1 1 0 1 0 0 0 1 1 1 1 1 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
splendidus 1 1 0 0 0 0 1 0 0 0 1 1 1 1 0 0 0 1 1 1 1 0 0 0 0 1 0 1 1 0 0 0 0 0 1 0 1 1 1 1 1 1 1 1 0 1 1 0 0 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
harveyi 1 1 0 1 1 0 1 0 1 0 0 0 1 1 1 1 0 1 1 1 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 1 1 1 0 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
cholerae 1 1 0 0 0 0 1 0 1 0 0 0 1 1 0 1 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 1 1 1 1 0 1 0 1 1 1 0 0 0 1 0 0 0 0 0 1 1 1 1 1 1 0 0 0 1 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0
parahaemolyticus1 1 0 1 0 0 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 1 1 1 0 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 0 1 0 1 1 0 0 0
anguillarum 1 1 0 0 0 0 1 0 0 0 0 0 1 1 1 1 0 1 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 1 1 0 0 0 0 0 1 1 1 1 0 0 0 0 1 0 1 0 0 0 0 1 0 1 0 0 0 0 1 1 1
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105	  genes	  related	  to	  Fe-‐acquisiJon	  
	  

12	  Vibrio	  strains	  



PA2G
HA7E
PA1E
PA2D
PA16E
HA8U
HA8H
splendidus
harveyi
cholerae
parahaemolyticus
anguillarum
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Genome_Name HA7E PA1E PA2D PA16E HA8U HA8H
Iron compound ABC uptake transporter permease protein 0 0 0 0 1 1
Hypothetical protein 1 1 1 1 0 0
4'-phosphopantetheinyl transferase (EC 2.7.8.-) [enterobactin] 1 1 1 1 0 0
Transcriptional regulator, VCA0231 1 1 1 1 0 0
L-ornithine 5-monooxygenase (EC 1.13.12.-), PvdA of pyoverdin 1 1 1 1 0 0
Non-ribosomal peptide synthetase modules 1 0 0 1 0 0
Hypothetical MbtH-like protein, PA2412 1 0 0 1 0 0
Vibrioferrin ligase/carboxylase protein 1 1 1 1 0 0
Vibrioferrin receptor 1 1 1 1 0 0

TonB-dependent 0 0 0 0 1 1
TonB-dependent heme receptor 1 1 1 1 0 0
TonB-dependent hemin , ferrichrome 0 0 0 0 1 1

Siderophore biosynthesis protein 1 1 1 1 0 0

Citrate:6-N-acetyl-6-N-hydroxy-L-lysine ligase, alpha subunit (EC 6.3.2.27), aerobactin biosynthesis protein IucA @ Siderophore synthetase superfamily, group A @ Siderophore synthetase large component,0 0 0 0 1 1
N6-hydroxylysine O-acetyltransferase (EC 2.3.1.102), aerobactin biosynthesis protein IucB @ Siderophore synthetase small component,0 0 0 0 1 1
Citrate:6-N-acetyl-6-N-hydroxy-L-lysine ligase, alpha subunit (EC 6.3.2.27), aerobactin biosynthesis protein IucA @ Siderophore synthetase superfamily, group C @ Siderophore synthetase component,0 0 0 0 1 1
L-lysine 6-monooxygenase [NADPH] (EC 1.14.13.59), aerobactin biosynthesis protein IucD @ Siderophore biosynthesis protein, 0 0 0 0 1 1
Aerobactin siderophore receptor 0 0 0 0 1 1
Ferric aerobactin ABC transporter, ATPase 0 0 0 0 1 1
Ferric aerobactin ABC transporter, periplasmic substrate binding 0 0 0 0 1 1
Ferric aerobactin ABC transporter, permease 0 0 0 0 1 1
Hypothetical protein in aerobactin uptake 1 1 1 1 0 0

Ferrichrome transport system permease protein FhuB (TC 1 1 1 1 0 0
Ferrichrome-binding periplasmic protein precursor (TC 1 1 1 1 0 0
Ferrichrome transport ATP-binding protein FhuC (TC 1 1 1 1 0 0

Ferric siderophore receptor 1 1 1 1 0 0

Ferric hydroxamate outer membrane receptor 1 1 1 1 0 0
Ferric hydroxamate ABC transporter (TC 3.A.1.14.3), permease component 1 1 1 1 0 0
Ferric hydroxamate ABC transporter (TC 3.A.1.14.3), periplasmic substrate binding protein 1 1 1 1 0 0
Ferric hydroxamate ABC transporter (TC 3.A.1.14.3), ATP-binding protein 1 1 1 1 0 0



H
A
7
E

P
A
1
E

P
A
2
D

P
A
1
6
E

H
A
8
U

H
A
8
H

Citrate:6-N-acetyl-6-N-hydroxy-L-lysine ligase, alpha subunit (EC 6.3.2.27), aerobactin biosynthesis protein IucA 0 0 0 0 1 1
N6-hydroxylysine O-acetyltransferase (EC 2.3.1.102), aerobactin biosynthesis protein IucB 0 0 0 0 1 1
Citrate:6-N-acetyl-6-N-hydroxy-L-lysine ligase, alpha subunit (EC 6.3.2.27), aerobactin biosynthesis protein IucA 0 0 0 0 1 1
L-lysine 6-monooxygenase [NADPH] (EC 1.14.13.59), aerobactin biosynthesis protein IucD 0 0 0 0 1 1
Aerobactin siderophore receptor 0 0 0 0 1 1
Ferric aerobactin ABC transporter, ATPase 0 0 0 0 1 1
Ferric aerobactin ABC transporter, periplasmic substrate binding 0 0 0 0 1 1
Ferric aerobactin ABC transporter, permease 0 0 0 0 1 1
Hypothetical protein in aerobactin uptake 1 1 1 1 0 0

Genes	  related	  to	  aerobacJn	  (iron	  
chelaJng	  compound,	  siderophore)	  

AerobacJn	  biosynthesis	  



PA2G 1 1 1 1 1 1 1 0 0 0 0 0 0 0 1 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 0 0 1 0 1 0 0 0 0 1 0 1 1 0 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HA7E 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PA1E 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PA2D 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PA16E 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HA8U 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HA8H 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
splendidus 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 1 1 1 1 1 1 0 1 1 1 1 0 0 0 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0
harveyi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 1 0 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0
cholerae 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 1 1 1 1 1 1 0 1 1 1 1 0 0 0 0 1 0 1 1 1 0 1 1 1 0 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0
parahaemolyticus1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 1 1 0
anguillarum 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1 1 1 1 1 1 1 0 0 1 0 1 1 1 0 1 1 0 1 1 1 1 0 0 0 0 1 0 1 1 1 0 1 1 1 0 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1

A
B
C
 t

ra
ns

po
rt

er
 in

vo
lv

ed
 in

 c
yt

oc
hr

om
e 

c 
bi

og
en

es
is

, 
AT

Pa
se

 c
om

po
ne

nt

A
B
C
 t

ra
ns

po
rt

er
 in

vo
lv

ed
 in

 c
yt

oc
hr

om
e 

c 
bi

og
en

es
is

, 
C
cm

B

C
yt

oc
hr

om
e 

c-
ty

pe
 b

io
ge

ne
si

s 
pr

ot
ei

n 
C
cm

C
, 

pu
ta

ti
ve

 h
em

e 
ly

as
e 

fo
r

C
yt

oc
hr

om
e 

c-
ty

pe
 b

io
ge

ne
si

s 
pr

ot
ei

n 
C
cm

D
, 

in
te

ra
ct

s 
w

it
h

C
yt

oc
hr

om
e 

c-
ty

pe
 b

io
ge

ne
si

s 
pr

ot
ei

n 
C
cm

E,
 h

em
e

C
yt

oc
hr

om
e 

c 
he

m
e 

ly
as

e 
su

bu
ni

t

C
yt

oc
hr

om
e 

c-
ty

pe
 b

io
ge

ne
si

s 
pr

ot
ei

n 
C
cm

G
/D

sb
E,

 t
hi

ol
:d

is
ul

fid
e

H
em

e 
A
 s

yn
th

as
e,

 c
yt

oc
hr

om
e 

ox
id

as
e 

bi
og

en
es

is
 p

ro
te

in

hy
po

th
et

ic
al

 p
ro

te
in

 in
 C

yt
oc

hr
om

e 
ox

id
as

e 
bi

og
en

es
is

C
yt

oc
hr

om
e 

ox
id

as
e 

bi
og

en
es

is
 p

ro
te

in
 S

ur
f1

, 
fa

ci
lit

at
es

 h
em

e 
A

C
yt

oc
hr

om
e 

c 
ox

id
as

e 
po

ly
pe

pt
id

e 
II

I 
(E

C

C
yt

oc
hr

om
e 

ox
id

as
e 

bi
og

en
es

is
 p

ro
te

in
 C

ox
11

-C
ta

G
, 

co
pp

er
 d

el
iv

er
y 

to

C
yt

oc
hr

om
e 

c 
ox

id
as

e 
po

ly
pe

pt
id

e 
I 

(E
C

C
yt

oc
hr

om
e 

c 
ox

id
as

e 
po

ly
pe

pt
id

e 
II

 (
EC

pr
ob

ab
le

 d
ec

a-
he

m
e 

c-
ty

pe

cy
to

ch
ro

m
e

C
yt

oc
hr

om
e 

c 
ox

id
as

e 
su

bu
ni

t 
C
co

N
 (

EC

C
yt

oc
hr

om
e 

c 
ox

id
as

e 
su

bu
ni

t 
C
co

O
 (

EC

Pu
ta

ti
ve

 d
ih

em
e 

cy
to

ch
ro

m
e

S
uc

ci
na

te
 d

eh
yd

ro
ge

na
se

 ir
on

-s
ul

fu
r 

pr
ot

ei
n 

(E
C

C
yt

oc
hr

om
e 

c-
ty

pe
 b

io
ge

ne
si

s 
pr

ot
ei

n 
D

sb
D

, 
pr

ot
ei

n-
di

su
lfi

de
 r

ed
uc

ta
se

 (
EC

Pr
ed

ic
te

d 
L-

la
ct

at
e 

de
hy

dr
og

en
as

e,
 F

e-
S
 o

xi
do

re
du

ct
as

e 
su

bu
ni

t 
Yk

gE
 /

 P
re

di
ct

ed
 L

-l
ac

ta
te

 d
eh

yd
ro

ge
na

se
, 

Ir
on

-s
ul

fu
r 

cl
us

te
r-

bi
nd

in
g 

su
bu

ni
t

C
yt

oc
hr

om
e 

c 
ox

id
as

e 
su

bu
ni

t 
C
co

Q
 (

EC

C
yt

oc
hr

om
e 

c 
ox

id
as

e 
su

bu
ni

t 
C
co

P 
(E

C

Ty
pe

 c
bb

3 
cy

to
ch

ro
m

e 
ox

id
as

e 
bi

og
en

es
is

 p
ro

te
in

 C
co

I;
 C

op
pe

r-
tr

an
sl

oc
at

in
g 

P-
ty

pe
 A

TP
as

e 
(E

C

Ty
pe

 c
bb

3 
cy

to
ch

ro
m

e 
ox

id
as

e 
bi

og
en

es
is

 p
ro

te
in

 C
co

S
, 

in
vo

lv
ed

 in
 h

em
e 

b

H
ea

vy
-m

et
al

-a
ss

oc
ia

te
d 

do
m

ai
n 

(N
-t

er
m

in
us

) 
an

d 
m

em
br

an
e-

bo
un

de
d 

cy
to

ch
ro

m
e 

bi
og

en
es

is
 c

yc
Z
-l

ik
e 

do
m

ai
n,

 p
os

si
bl

e 
m

em
br

an
e 

co
pp

er
 t

ol
er

an
ce

Fo
rm

at
e 

de
hy

dr
og

en
as

e-
O

, 
ir
on

-s
ul

fu
r 

su
bu

ni
t 

(E
C
 1

.2
.1

.2
);

 P
ut

at
iv

e 
fo

rm
at

e 
de

hy
dr

og
en

as
e 

ir
on

-s
ul

fu
r 

su
bu

ni
t 

(E
C

Ir
on

-s
ul

fu
r 

cl
us

te
r-

bi
nd

in
g

B
el

ie
ve

d 
to

 b
e 

in
vo

lv
ed

 in
 a

ss
em

bl
y 

of
 F

e-
S

Fe
rr

ed
ox

in
,

Ir
on

 b
in

di
ng

 p
ro

te
in

 I
sc

A
 f
or

 ir
on

-s
ul

fu
r 

cl
us

te
r

Ir
on

-s
ul

fu
r 

cl
us

te
r 

as
se

m
bl

y 
sc

af
fo

ld
 p

ro
te

in

Ir
on

-s
ul

fu
r 

cl
us

te
r 

re
gu

la
to

r

4F
e-

4S
 f
er

re
do

xi
n,

 ir
on

-s
ul

fu
r

C
yt

oc
hr

om
e 

ox
id

as
e 

bi
og

en
es

is
 p

ro
te

in
 S

co
1/

S
en

C
/P

rr
C
, 

pu
ta

ti
ve

 c
op

pe
r

FI
G

13
54

64
: 

C
yt

oc
hr

om
e

FI
G

00
22

61
: 

C
yt

oc
hr

om
e 

c 
fa

m
ily

C
yt

oc
hr

om
e

Pr
ed

ic
te

d 
ir
on

-d
ep

en
de

nt

C
yt

oc
hr

om
e 

c-
ty

pe
 p

ro
te

in

Pr
ed

ic
te

d 
Fe

-S

S
ol

ub
le

 c
yt

oc
hr

om
e

U
nc

ha
ra

ct
er

iz
ed

 ir
on

-r
eg

ul
at

ed
 m

em
br

an
e 

pr
ot

ei
n;

 I
ro

n-
up

ta
ke

 f
ac

to
r

U
nc

ha
ra

ct
er

iz
ed

 ir
on

-r
eg

ul
at

ed

S
up

er
ox

id
e 

di
sm

ut
as

e 
[F

e]
 (

EC

X
an

th
in

e 
de

hy
dr

og
en

as
e,

 ir
on

-s
ul

fu
r 

cl
us

te
r 

an
d 

FA
D

-b
in

di
ng

 s
ub

un
it
 A

Pr
ed

ic
te

d 
D

-l
ac

ta
te

 d
eh

yd
ro

ge
na

se
, 

Fe
-S

 p
ro

te
in

,

U
bi

qu
in

ol
-c

yt
oc

hr
om

e 
C
 r

ed
uc

ta
se

 ir
on

-s
ul

fu
r 

su
bu

ni
t 

(E
C

2-
m

et
hy

lc
it
ra

te
 d

eh
yd

ra
ta

se
 F

eS
 d

ep
en

de
nt

 (
EC

Ir
on

-c
on

ta
in

in
g 

al
co

ho
l

C
yt

oc
hr

om
e 

O
 u

bi
qu

in
ol

 o
xi

da
se

 s
ub

un
it
 I

I 
(E

C

C
yt

oc
hr

om
e 

O
 u

bi
qu

in
ol

 o
xi

da
se

 s
ub

un
it
 I

 (
EC

C
yt

oc
hr

om
e 

O
 u

bi
qu

in
ol

 o
xi

da
se

 s
ub

un
it
 I

II
 (

EC

C
yt

oc
hr

om
e 

O
 u

bi
qu

in
ol

 o
xi

da
se

 s
ub

un
it
 I

V
 (

EC

Fo
la

te
-d

ep
en

de
nt

 p
ro

te
in

 f
or

 F
e/

S
 c

lu
st

er
 s

yn
th

es
is

/r
ep

ai
r 

in
 o

xi
da

ti
ve

Pu
ta

ti
ve

 c
yt

oc
hr

om
e 

c 
ox

id
as

e,
 s

ub
un

it

FI
G

00
13

41
: 

Pr
ob

ab
le

 F
e(

2+
)-

tr
af

fic
ki

ng
 p

ro
te

in

S
ca

ff
ol

d 
pr

ot
ei

n 
fo

r 
[4

Fe
-4

S
] 

cl
us

te
r 

as
se

m
bl

y 
A
pb

C
,

Ir
on

-c
on

ta
in

in
g 

al
co

ho
l d

eh
yd

ro
ge

na
se

 (
EC

pu
ta

ti
ve

 F
e-

S
 o

xi
do

re
du

ct
as

e 
fa

m
ily

C
yt

oc
hr

om
e 

d 
ub

iq
ui

no
l o

xi
da

se
 s

ub
un

it
 I

I 
(E

C

C
yt

oc
hr

om
e 

d 
ub

iq
ui

no
l o

xi
da

se
 s

ub
un

it
 I

 (
EC

Fr
at

ax
in

 h
om

ol
og

 C
ya

Y,
 f
ac

ili
ta

te
s 

ir
on

 s
up

pl
y 

fo
r 

he
m

e 
A
 s

yn
th

es
is

 o
r 

Fe
-S

 c
lu

st
er

pu
ta

ti
ve

Fe
rr

ed
ox

in
-t

yp
e 

pr
ot

ei
n 

N
ap

F 
(p

er
ip

la
sm

ic
 n

it
ra

te

N
it
ra

te
 r

ed
uc

ta
se

 c
yt

oc
hr

om
e 

c5
50

-t
yp

e

C
O

G
12

42
: 

Pr
ed

ic
te

d 
Fe

-S

Fe
-S

 p
ro

te
in

, 
ho

m
ol

og
 o

f 
la

ct
at

e 
de

hy
dr

og
en

as
e

C
yt

oc
hr

om
e 

c-
ty

pe
 h

em
e 

ly
as

e 
su

bu
ni

t 
nr

fF
, 

ni
tr

it
e 

re
du

ct
as

e 
co

m
pl

ex

C
yt

oc
hr

om
e 

c-
ty

pe
 h

em
e 

ly
as

e 
su

bu
ni

t 
nr

fE
, 

ni
tr

it
e 

re
du

ct
as

e 
co

m
pl

ex

C
yt

oc
hr

om
e 

c-
ty

pe
 p

ro
te

in
 N

rf
B

C
yt

oc
hr

om
e 

c5
52

 p
re

cu
rs

or
 (

EC

C
yt

oc
hr

om
e 

c-
ty

pe
 h

em
e 

ly
as

e 
su

bu
ni

t 
nr

fG
, 

ni
tr

it
e 

re
du

ct
as

e 
co

m
pl

ex

ub
iq

ui
no

l c
yt

oc
hr

om
e 

C
 o

xi
do

re
du

ct
as

e,
 c

yt
oc

hr
om

e 
C
1

U
bi

qu
in

ol
--

cy
to

ch
ro

m
e 

c 
re

du
ct

as
e,

 c
yt

oc
hr

om
e 

B
 s

ub
un

it
 (

EC

Pu
ta

ti
ve

 c
yt

oc
hr

om
e 

d 
ub

iq
ui

no
l o

xi
da

se
 s

ub
un

it
 I

II
 (

EC
 1

.1
0.

3.
-)

 (
C
yt

oc
hr

om
e 

bd
-I

 o
xi

da
se

 s
ub

un
it

A
B
C
-t

yp
e 

Fe
3+

-h
yd

ro
xa

m
at

e 
tr

an
sp

or
t 

sy
st

em
, 

pe
ri
pl

as
m

ic

S
uc

ci
na

te
 d

eh
yd

ro
ge

na
se

 c
yt

oc
hr

om
e 

b-
55

6

Fe
rr

oc
he

la
ta

se
, 

pr
ot

oh
em

e 
fe

rr
o-

ly
as

e 
(E

C

Fe
rr

it
in

-l
ik

e 
pr

ot
ei

n

Ty
pe

 c
bb

3 
cy

to
ch

ro
m

e 
ox

id
as

e 
bi

og
en

es
is

 p
ro

te
in

 C
co

G
, 

in
vo

lv
ed

 in
 C

u

pr
ob

ab
le

 ir
on

 b
in

di
ng

 p
ro

te
in

 f
ro

m
 t

he
 H

es
B
_I

sc
A
_S

uf
A

Fe
rr

ed
ox

in
--

N
A
D

P(
+

) 
re

du
ct

as
e 

(E
C

H
yp

ot
he

ti
ca

l p
ro

te
in

 in
 C

yt
oc

hr
om

e 
ox

id
as

e 
bi

og
en

es
is

Pe
ri
pl

as
m

ic
 ir

on
-b

in
di

ng

ox
id

or
ed

uc
ta

se
, 

2O
G

-F
e(

II
) 

ox
yg

en
as

e 
fa

m
ily

A
B
C
-t

yp
e 

Fe
3+

 t
ra

ns
po

rt
 s

ys
te

m
, 

pe
ri
pl

as
m

ic

Pe
rm

ea
se

 c
om

po
ne

nt
 o

f 
tr

an
sp

or
t 

sy
st

em
 f
or

 f
er

ri
c 

ir
on

, 
A
fu

B

cy
to

ch
ro

m
e 

b5
61

,

Tr
im

et
hy

la
m

in
e-

N
-o

xi
de

 r
ed

uc
ta

se
 (

cy
to

ch
ro

m
e 

c)
( 

EC
:1

.7
.2

.3

C
yt

oc
hr

om
e 

c5
51

 p
er

ox
id

as
e 

(E
C

ar
yl

su
lfa

ta
se

 r
eg

ul
at

or
 (

Fe
-S

Fu
nc

ti
on

al
 r

ol
e 

pa
ge

 f
or

 C
yt

oc
hr

om
e 

c-
ty

pe
 p

ro
te

in

pu
ta

ti
ve

 p
ut

at
iv

e 
fe

rr
ic

hr
om

e-
ir
on

Pr
ob

ab
le

 h
yd

ro
ge

na
se

 c
yt

oc
hr

om
e 

b-
ty

pe

Pu
ta

ti
ve

C
O

G
30

38
: 

C
yt

oc
hr

om
e

N
fu

A
 F

e-
S
 p

ro
te

in

Fe
rr

ed
ox

in
-t

yp
e 

pr
ot

ei
n 

N
ap

G
 (

pe
ri
pl

as
m

ic
 n

it
ra

te

Pr
ed

ic
te

d 
L-

la
ct

at
e 

de
hy

dr
og

en
as

e,
 I

ro
n-

su
lfu

r 
cl

us
te

r-
bi

nd
in

g 
su

bu
ni

t

Pr
ed

ic
te

d 
L-

la
ct

at
e 

de
hy

dr
og

en
as

e,
 F

e-
S
 o

xi
do

re
du

ct
as

e 
su

bu
ni

t

Fe
-S

Ir
on

 b
in

di
ng

 p
ro

te
in

 S
uf

A
 f
or

 ir
on

-s
ul

fu
r 

cl
us

te
r

Ir
on

-s
ul

fu
r 

cl
us

te
r 

as
se

m
bl

y 
pr

ot
ei

n

Ir
on

-s
ul

fu
r 

cl
us

te
r 

as
se

m
bl

y 
AT

Pa
se

 p
ro

te
in

S
ul

fu
r 

ac
ce

pt
or

 p
ro

te
in

 S
uf

E 
fo

r 
ir
on

-s
ul

fu
r 

cl
us

te
r

Ir
on

-r
eg

ul
at

ed
 o

ut
er

 m
em

br
an

e

M
et

hy
la

m
in

e 
ut

ili
za

ti
on

 p
ro

te
in

/C
yt

oc
hr

om
e 

c

Ir
on

(I
II

) 
di

ci
tr

at
e 

tr
an

sp
or

t 
sy

st
em

, 
pe

ri
pl

as
m

ic
 ir

on
-b

in
di

ng
 p

ro
te

in
 F

ec
B
 (

TC

Pu
ta

ti
ve

 ir
on

 t
ra

ns
po

rt

N
on

-s
pe

ci
fic

 D
N

A
-b

in
di

ng
 p

ro
te

in
 D

ps
 /

 I
ro

n-
bi

nd
in

g 
fe

rr
it
in

-l
ik

e 
an

ti
ox

id
an

t 
pr

ot
ei

n 
/ 

Fe
rr

ox
id

as
e 

(E
C

pu
ta

ti
ve

 c
yt

oc
hr

om
e

Ir
on

(I
II

)-
tr

an
sp

or
t 

sy
st

em
 p

er
m

ea
se

 p
ro

te
in

C
yt

oc
hr

om
e 

b 
(E

C

D
ec

ah
em

e 
cy

to
ch

ro
m

e 
c

su
rf

ac
e 

lo
ca

liz
ed

 d
ec

ah
em

e 
cy

to
ch

ro
m

e 
c 

lip
op

ro
te

in
,

Pu
ta

ti
ve

 c
yt

oc
hr

om
e 

c-
ty

pe

pu
ta

ti
ve

 C
yt

oc
hr

om
e 

bd
2,

 s
ub

un
it

Fe
rr

ic
hr

om
e-

bi
nd

in
g

120	  Fe-‐containing	  genes	  
	  

12	  Vibrio	  strains	  
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Predicted L-lactate dehydrogenase, Iron-sulfur cluster-binding subunit 0 0 0 0 0 1 1 0 0 0 0 0
Predicted L-lactate dehydrogenase, Fe-S oxidoreductase subunit 0 0 0 0 0 1 1 0 0 0 0 0
Fe-S 0 0 0 0 0 1 1 0 0 0 0 0
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HA8H	   HA8U	  

other	  drag	  genomes	  

FLEXIBLE	  	  
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Flexible	  
genome	  
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core	  genome	  

ExtracJon	  kit	  



GLIMPSE	  OF	  A	  FLEXIBLE	  
GENOME	  

FUNCTION	   SUBSYSTEM	   SUBCATEGORY	   CATEGORY	  

TesB-‐like	  acyl-‐CoA	  thioesterase	  1	   Acyl-‐CoA	  thioesterase	  II	   Fajy	  acids	   Fajy	  Acids,	  Lipids,	  and	  
Isoprenoids	  

Cardiolipin	  synthetase	   Cardiolipin	  synthesis	   Phospholipids	   Fajy	  Acids,	  Lipids,	  and	  
Isoprenoids	  

TonB-‐dependent	  hemin	  ,	  ferrichrome	  
receptor	   Hemin	  transport	  system	   Iron	  acquisiJon	  and	  

metabolism	  
Iron	  acquisiJon	  and	  

metabolism	  
TonB-‐dependent	  hemin	  ,	  ferrichrome	  

receptor	   Siderophore	  assembly	  kit	   Siderophores	   Iron	  acquisiJon	  and	  
metabolism	  

…	   …	   …	   …	  
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HA8H	  whole	  genome	  

HA8H	  flexible	  genome	  

HA8	  shared	  flexible	  genome	  

number	  of	  genes	  

in	  subsystems	  

annotated	  (not	  in	  subsystem)	  

hypotheJcal	  protein	  



SUBSYSTEMS	  ENRICHMENT	  IN	  FLEXIBLE	  GENOME	  
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Phages,	  Prophages,	  Transposable	  
elements,	  Plasmids	  

Transposable	  elements	  

Phage	  replicaJon	  

Phage	  capsid	  proteins	  

Phage	  DNA	  synthesis	  

SUBSYSTEMS	  ENRICHMENT	  IN	  FLEXIBLE	  GENOME	  

Membrane	  Transport	  	  

TRAP	  transporters	  

Flp	  pili	  

Dormancy	  and	  sporulaJon	  

Persister	  cells	  



SUBSYSTEMS	  ENRICHMENT	  IN	  FLEXIBLE	  GENOME	  

Membrane	  Transport	  	  

TRAP	  transporters	  

Flp	  pili	  

Dormancy	  and	  sporulaJon	  

Persister	  cells	  
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1	  

1	  

Phages,	  Prophages,	  Transposable	  
elements,	  Plasmids	  

Transposable	  elements	  

Phage	  replicaJon	  

Phage	  capsid	  proteins	  

Phage	  DNA	  synthesis	  
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HA8H	  flexible	  genome:	  subcategory	  distribuJon	  	  

Carbohydrates	  

Membrane	  Transport	  

Amino	  Acids	  and	  DerivaJves	  

Cell	  Wall	  and	  Capsule	  

Stress	  Response	  

Virulence,	  Disease	  and	  Defense	  

RespiraJon	  

Phosphorus	  Metabolism	  

Protein	  Metabolism	  

THE	  MASTERPLAN	  OF	  HA8H	  



COALITION:	  HA8*	  SHARED	  FLEXIBLE	  GENOME	  
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Subcategory	  distribuJon	  	  

Carbohydrates	  

Amino	  Acids	  and	  
DerivaJves	  

Membrane	  Transport	  

Cell	  Wall	  and	  Capsule	  



RIDDLE:	  FIND	  THE	  NICHE	  

12	  

7	  

Carbohydrates	  	  

Inositol	  
catabolism	  

L-‐fucose	  
uJlizaJon	  

6	  

5	  

Amino	  acids	  and	  derivaJves	  	  

Polyamine	  Metabolism	  

Putrescine	  uJlizaJon	  
pathways	  

Cell	  wall	  and	  capsule	  	  

LOS	  core	  
oligosaccharide	  
biosynthesis	  
dTDP-‐rhamnose	  
synthesis	  
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Carbohydrates	  	  

RIDDLE:	  FIND	  THE	  NICHE	  –	  inositol	  as	  a	  catabolic	  substrate	  

HA8H|3647	   HA8H|3608	  

HA8H|3609	  

HA8H|3611	  &	  
3612	  

HA8H|3613	  



RIDDLE:	  FIND	  THE	  NICHE	  



RIDDLE:	  FIND	  THE	  NICHE	  –	  fucose	  uJlizaJon	  
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7	  

Carbohydrates	  	  



Tree	  based	  on	  the	  
16S	  rRNA	  gene	  

	  	  
	  Drag	  genomes	  
	  Reference	  genomes	  
	  Blast	  hits	  to	  HA8U	  



•  HA8*	  schedule:	  
– Found	  in	  starburst	  anemone	  
– Possess	  extra	  surface	  adhesion	  capability	  (pili,	  LOS	  
core)	  

– Unique	  catabolic	  substrate	  found	  in	  anemone’s	  
cell	  and	  anemone’s	  mucus	  

– DegradaJon	  pathways	  for	  anemone’s	  
phospholipids	  

SOLVING	  THE	  RIDDLE:	  FIND	  THE	  NICHE	  



SOLVING	  THE	  RIDDLE:	  FIND	  THE	  NICHE	  

FOOD	  !!!!	  

HA8*	  :	  parasiJc	  vibrios	  
specialized	  in	  eaJng	  
anemone’s	  mucus	  	  



•  What	  makes	  a	  vibrio	  a	  vibrio	  ?	  

CONCLUSION	  

We	  don’t	  know	  !	  



•  What	  makes	  a	  vibrio	  a	  vibrio	  ?	  But	  :	  

CONCLUSION	  

-‐  All	  vibrio	  share	  core	  genome	  
-‐  Core	  genome:	  loose	  concept	  but	  very	  useful	  

-‐  Hypothesis	  on	  the	  environment	  can	  lead	  to	  the	  idenJficaJon	  of	  differences	  at	  
the	  geneJc	  level.	  

-‐  Polysaccharide	  genes	  are	  conserved	  across	  in	  the	  genes	  living	  in	  sea	  organisms	  
for	  bejer	  adhesion.	  

-‐  Fitness	  in	  different	  niche	  are	  correlated	  with	  gene	  content.	  
-‐  HA8*	  have	  specific	  iron	  acquisiJon	  genes.	  

-‐  Vibrios’	  tree	  are	  congruent	  with	  each	  other.	  
-‐  No	  apparent	  complicated	  evoluJon.	  

-‐  Quirks	  and	  tricks	  of	  an	  organism	  are	  present	  in	  the	  flexible	  genome.	  
-‐  Comparing	  flexible	  genomes	  give	  insight	  on	  the	  organism’s	  niche.	  
-‐  HA8*	  are	  anemone’s	  parasite	  that	  eat	  anemone’s	  cell	  compound.	  



Greatness	  in	  test	  according	  to	  Vibrio's	  tasMng	  

Caramel	  690	  

ChemoTaxis	  

Red	  Light	  4	  IPA	  

Row	  2	  Beer	  



0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 1 1 0 1 0 1 0 0 1 0 0 1 0 0 1 0 1 0 1 0 1 1 1 0
0 0 1 0 0 1 0 1 0 1 1 1 0 1 1 0 1 0 1 1 0 0 1 0 0 0
0 0 1 0 0 1 1 1 0 1 0 1 0 1 1 1 1 0 1 0 0 0 1 0 0 0
0 0 1 0 0 1 1 1 0 1 1 1 0 1 1 1 1 0 1 0 0 0 1 1 1 0
0 0 1 0 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 0 0 0 1 0
0 0 1 0 0 1 0 1 0 1 0 1 0 1 0 0 1 0 1 0 1 0 1 1 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


