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' >" ; ' >(8)%/; " $ )#( ; )%56B%]HUHEHR<%" &%aaP%(#)%0/#)28.4%/97" .7)0%/9%' #" 0- 28/" 9%" &%2" $ $ " 9%

' #)2- #; " #%$ )8(@" ./8) ;%&" #%@/" ;498>) ; /;H%J - #%(9( .4; /;%;>"b;%8>(8%8>);)%)9G4$ );%(#)%;/9,.)8"9;%/9%S. 

cerevisiae%(90D%b>)9%$- 8(8)0%"#%K9" 2K)0%"- 8D%'#" 7)%.)8>( .%8" %8>/;%"#, (9/;$ H%N9%/98)#) ;8/9, %

;2/)98/&/2%g- ) ;8/" 9%/;%b>)8>)#%"#%9" 8%8>)%#);8#/28/" 9;%"9%0- ' ./2(8/" 9%"&%8>); )%,)9) ;%/9%9(8- #)%

(#)%-@/g- /8" - ;H%=" %(9;b )#%8>/;%g- ) ;8/" 9D%b)%>(7)%2" $ ' /.)0%/9&" #$ (8/" 9%#), (#0/9, %,)9)%

0- ' ./2(8/" 9;D%(90%"22- ##)92)%"&%9" 9\>" $ " ." , " - ;%/; " G4$ ) ;%&" #%8>); )%)9G4$ ) ;%&#" $ %(%

0/7)#; )%;)8%"&%8(_(%5)- @(28)#/(D%(#2>() (D%0)) ' \@#(92>/9, D%(90%>/, >)#%)- K(#4" 8) ;<H%J- #%

" @;)#7(8/" 9;%;>" b %8>(8%;/$ /.(#%#);8#/28/" 9;%(#)%"@;)#7)0%/9%"8>)#%4)( ;8./K)%S. pombeD%8>)%

, #($ \9) , (8/7)%@(28)#/(D%E. coli%(90%C. jejuniD%(90%8>)%(#2>() (  D%A. fulgidus%(90%P. furiosusH%

3)." b %b)%)_($ /9)%/9%$" #)%0)8( /.%0- ' ./2(8/" 9%)7)98;%&" #%)9G4$ ) ;%"- 8./9)0%/9%=(@.)%?k H%

%

% =>)%,.42" .48/2%)9G4$ )D%,.- 2" ; ) \R\' >" ; ' >(8)%/; " $ )#( ; )%gpi%56B%]HUHEHV<%

2(8( .4G);%8>)%/98)#2" 97)#; /" 9%"&%,.- 2" ; ) \R%'>" ; ' >(8)%(90%&#- 28" ; ) \R%'>" ; ' >(8)H%N;%/9%S. 

cerevisiaeD%9" %0- ' ./2(8) ;%"&%8>)%gpi%,)9)%b)#)%&" - 90%/9%8>)%,#($ \' " ; /8/7)%)- @(28)#/(D%B. 

subtilis, L. monocytogenes, , #($ \9) , (8/7)  E. coli K12 and C. jejuniD%8>)%(#2>() (%P. 

furiosus, (90%8>)%." b %)- K(#4" 8) ;%S. pombe (90 P. falciparumH%=>)%,)9"$)%"&%8>)%

8>)#$ " ' >/./2%(#2>() (%A. fulgidusD%2" 98( /9;%8b " %,)9) ;%)92" 0/9, %$- .8/&- 928/" 9( .%)9G4$ ) ;%

' )#&" #$ /9, %,.- 2" ; ) \R\' >" ; ' >(8)%/; " $ )#( ; )%(28/7/84H%=>); )%)9G4$ ) ;%(#)%>" $ " ." , " - ;%(90%

$ (4%>(7)%(#/; )9%&#" $ %,)9)%0- ' ./2(8/" 9%)7)98;H%=>)%$- .8/&- 928/" 9( .%&)(8- #) ;%"&%8>); )%

)9G4$ ) ;%$(4%>).' %2" $ ' (#8$ )98( ./G)%8>)%#)(28/" 95;<%8>#" - , >%$)8(@" ./2%2>(99) ./9, %/9%

" #0)#%8" %'#" 8)28%2>)$ /2( ..4%.(@/.)%/98)#$ )0/(8) ;%/9%8>)#$ " ' >/./2%)97/#" 9$ )98;%5M] <H%=>)%

>/, >)#%)- K(#4" 8)%Mus musculus%>(;%(%0- ' ./2(8)%,)9)%&" #%gpiW%@- 8%8(K/9, %/98" %2" 9; /0)#(8/" 9%

8>(8%$- 8(8/" 9%"&%8>)%gpi%,)9)%4/) .0;%(%.)8>( .%'>)9" 84' )D%b)%2(9%2" 92.- 0)%8>(8%8>)%0- ' ./2(8)%

% EE



, )9)%/;%9" 8%&- 928/" 9( ..4%2" $ ' )8)98H%=>)%'.(98%A. thaliana%>(;%8b"%>"$".","-;%/;"G4$ );D%

b >/2>%(' ' ) (#%8" %&- 928/" 9%/9%0/&&)#)98%2" $ ' (#8$ )98;%5MR<W%>" b )7)#D%/8%/;%-92.) (#%b>)8>)#%

8>); )%8b " %2(9%2" $ ' )9; (8)%&" #%&- 928/" 9H%%

%

! #- 28" ; )%EDR\@/; ' >" ; ' (>8)%(.0" .( ; )%56B%THEHMHEU<%/;%(%K)4%)9G4$ )%/9%2)..- .(#%

$ )8(@" ./;$ D%2(8( .4G/9, %8>)%#)7)#; /@.)%(.0" .%2" 90)9; (8/" 9:2.) (7( , )%#)(28/" 9%@)8b ))9%

, .42)#(0)>40)%U\' >" ; ' >(8)%(90%0/>40#" _4(2)8" 9)%'>" ; ' >(8)%8" %4/) .0%&#- 28" ; )%EDR\

@/; ' >" ; ' >(8)%5! 3a<H%=b " %$)2>(9/;8/2( ..4%(90%;8#- 28- #( ..4%0/;8/928%&" #$ ;%"&%!3a%(#)%

K9" b 9H%3"8>%2.( ; ;%?%(90%??%"&%8>)%!3a%(.0" .( ; ) ;%(#)%&"- 90%@" 8>%/9%'#"K(#4" 8) ;%(90%

)- K(#4" 8) ;D%(%&(28%8>(8%;- , , ) ;8;%(9%(92/)98%)7" .- 8/" 9(#4%"#/, /9%"&%@" 8>%7)#; /" 9;%"&%8>/;%

)9G4$ )H%1" ;8%"#, (9/;$ ;%2" 98( /9%"9.4%"9)%2.(;;%"&%!3a%(.0".(;)D%(.8>"-,>%8>)#)%(#)%&)b%

)_2) ' 8/" 9;H%E. coli%/;%"9)%)_($ ' .) *%/8%)_' #) ; ; ) ;%@" 8>%2.( ; ; ) ;%"&%!3a%(.0" .( ; ) ;D%

0)$ " 9;8#(8/9, %(%2(8( .48/2%#)0- 90(924%.(#, ) .4%)./$ /9(8)0%@4%$" ;8%"#, (9/;$ ;H%M. musculus%

(' ' ) (#;%8" %>(7)%>" $ " ." , " - ;%8/; ; - ) \; ' )2/&/2%/; " G4$ ) ;%"&%B.( ; ;%?%(.0" .( ; ) ;W%A. thaliana%(.; " %

>(;%0- ' ./2(8)%2" ' /) ;%"&%B.( ; ;%?%,)9)W%>" b )7)#D%8>)/#%;- @2)..- .(#%." 2(8/" 9%/;%9" 8%

0" 2- $ )98)0D%(90%9" %)_' )#/$ )98( .%0(8(%/;%(7( /.(@.)%(@" - 8%b>)8>)#%8>); )%2" ' /) ;%2(9%

2"$ ' )9;(8)%&"#%.";;%"&%&-928/"9H%L. monocytogenes >( ;%0- ' ./2(8)%2" ' /) ;%"&%B.( ; ;%??%

(.0" .( ; )%8>(8%>(7)%#)0- 90(98%&- 928/" 9;D%b>/2>%(' ' (#)98.4%'#" 8)28;%/8;%2)98#( .%$)8(@" ./2%

2" #)D%(90%/8;%(@/./84%8" %;- #7/7)%/9%(%b/0)%#(9, )%"&%)97/#" 9$ )98( .%2" 90/8/" 9;H%Q- ' ./2(8/" 9%"&%

fba%,)9)%/9%Bacillus subtilis%0" ) ;%9" 8%'#" 7/0)%'#" 8)28/" 9%&" #%$- 8(8/" 9;D%(.8>" - , >%8>)%,)9) ;%

&" #%8>)%8b " %2" ' /) ;%"&%B.( ; ;%??%(.0" .( ; ) ;%(#)%;/$ /.(#D%8>)%$- 8(8/" 9%"& fbaB%/;%.)8>( .%&" #%8>/;%

" #, (9/;$ %5MY<H%

%

% EM



=#/" ; ' >" ; ' >(8)%/; " $ )#( ; )%56B%]HUHEHE<%')#&" #$ ;%(%#)7)#; /@.)%/98)#2" 97)#8/" 9%"&%

0/>40#" _4(2)8" 9)%'>" ; ' >(8)%(90%,.42)#( .0)>40) ;%U\' >" ; ' >(8)H%=>/;%)9G4$ )%/;%

#) ' #) ; )98)0%@4%(%;/9, .)8" 9%,)9)%/9%$" ;8%"&%"#, (9/;$ ;%-90)#%2" 9; /0)#(8/" 9%5;) )%=(@.)%?k <D%

b /8>%8>)%)_2) ' 8/" 9%"&%A. thaliana, P.falciparumD%(90%L. monocytogenesD%b>)#)%8>)%

7/(@/./84%"&%8>/;%#)(28/" 9%$(4%@)%)9;- #)0%@4%0- ' ./2(8)%/; " G4$ ) ;H%h" b )7)#D%9" %

)_' )#/$ )98( .%0(8(%/;%(7( /.(@.)%8>(8%b/..%(.." b %"9)%8" %)7( .- (8)%8>/;%>4' " 8>) ; /;H%%=>)%

7- .9)#(@/./84%"&%8>)%;/9, .)8" 9%,)9)D%tpi%/9%M. musculusD%/;%-92.) (#D%(;%$- 8(8/" 9%2(- ; ) ;%"9.4%

(%#)0- 28/" 9%/9%"- 8' - 8H%

%

+/@" ;) \] \' >" ; ' >(8)%/; " $ )#( ; )%56B%]HUHEHR<%2(8( .4G);%8>)%/98)#2" 97)#; /" 9%"&%

#/@" ; ) \] \' >" ; ' >(8)%(90%#/@- ." ; ) \] \' >" ; ' >(8)H%=>/;%(28/7/84%/;%); ; )98/( .%8" %8>)%')98" ; )%

' >" ; ' >(8)%;>- 98%59" 9" _/0(8/7)%@#(92><%(90%8" %8>)%'.(98%B(.7/9%242.)H%=b " %

9" 9>" $ " ." , " - ;%)9G4$ ) ;%(#)%K9" b 9%8" %2(8( .4G)%8>/;%#)(28/" 9H%3" 8>%7)#; /" 9;%(#)%

;" $ )8/$ ) ;%&" - 90%/9%8>)%;($ )%"#, (9/;$ H%!" #%)_($ ' .)D%/9%8>)%2(; )%"&%E. coliD%(9(.4;/;%"&%

;8#( /9;%2" 98( /9/9, %rpiA%(90%rpiB%$- 8(98;%#)7)( .)0%8>(8%@" 8>%/;" G4$ ) ;%(#)%)g- ( ..4%)&&/2/)98%

/9%2(8( .4G/9, %/; " $ )#/G(8/" 9%/9%)/8>)#%0/#)28/" 9%5M̂ <H%RpiA%,)9) ;%(#)%0/;8#/@- 8)0%@#" (0.4%/9%

9(8- #)%(90%>(7)%@))9%/0)98/&/)0%/9%$" #)%8>(9%ESS%;' )2/) ;H%RpiB%,)9) ;%(#)%&" - 90%(.$ " ;8%

)_2.- ; /7) .4%/9%@(28)#/(H%N%9- $ @)#%"&%@(28)#/(%>(7)%"9.4%rpiBD%b>/.)%(9" 8>)#%,#" - ' D%

/92.- 0/9, %E. coli%(90%L. monocytogenesD%>(7)%@"8>%rpiA%(90%rpiB%H%%

%

UHT%=>)%=BN%(90%, .4" _4.(8)%242.) ;%

=>)%)/, >8%)9G4$ ) ;%" &%8>)%=BN%242.)%(#)%)92" 0)0%@4%E] %9- 2.) (#%, )9) ;%5MV<H%! " - #%" &%8>); )%

)9G4$ ) ;%(#)%)92" 0)0%@4%;/9, .)%, )9) ;D%b >/.)%8>)%" 8>)#;%(#)%2" $ ' " ; )0%" &%;- @- 9/8;%" #%>(7)%/; " &" #$ ;H%

% EU



=>)%=BN%242.)%2(##/);%"-8%$ (94%#".);%/9%2)..%$ )8(@"./;$H%=>)%)_')#/$ )98;%"9%S. cerevisiae%

$ - 8(98;%>(7/9, %0)&)28;%/9%)(2>%" &%E] %, )9) ;%8>(8%)92" 0)%E] %;- @- 9/8;%" &%8>)%)/, >8%)9G4$ ) ;%;>" b %8>(8%

8>)%)_' #) ; ; /" 9%" &%pTSS%, )9) ;%2>(9, )0%(8%.)( ;8%8>#))&" .0%/9%#); ' " 9; )%8" %8>)%=BN%242.)%04;&- 928/" 9%

5US<H%

%

S. cerevisiae 2(9%, #" b %- 90)#%;" \2( ..)0%#) ' #) ; ; /9, %(90%9" 9#) ' #) ; ; /9, %2" 90/8/" 9;H%

+) ' #) ; ; /9, %$ )(9;%(9()#" @/2%, #" b 8>%b /8>%, .- 2" ; )H%X90)#%()#" @/2%9" 9#) ' #) ; ; /9, %2" 90/8/" 9;%8>)%

=BN%242.)%/9%4)(;8%>(;%(%0-(.%&-928/"9*%&/#;8D%/8%'#"7/0);%8>)%$ ( i"#/84%"&%2)..-.(#%N=a;%7/(%()#"@/2%

" _/0/G(8/" 9%" &%' 4#- 7(8)D%(90%;)2" 90D%/8%' .(4;%(9%/$ ' " #8(98%#" .)%/9%8>)%$ )8(@" ./;$ %" &%- 9/7)#; ( .%

@/" ;498>)8/2%' #)2- #; " #;%5)H, HD%2/8#(8)D%! \K)8" , .- 8(#(8)D%" _( ." (2)8(8)<H%X90)#%#) ' #) ; ; /9, %2" 90/8/" 9;%

8>)%=BN%242.)%" ' )#(8) ;%/9%(%@#(92>)0%&(;>/" 9%8" %&- .&/..%@/" ;498>)8/2%0)$ (90;%" 9.4%5MM<H%X90)#%

(9()#" @/2D%9" 9\#) ' #) ; ; /9, %2" 90/8/" 9;D%8>)%, .4" _4.(8)%242.)%/;%); ; )98/( .%&" #%, #" b 8>%" 9%8>)%8b " \

2(#@" 9%;- @;8#(8) ;%5)H, H%(2)8(8)D%)8>(9" .<%(90%&- .&/..;%(9%(9( ' .)#" 8/2%#" .)%/9%8>)%' #" 7/; /" 9%" &%

' #)2- #; " #;%&" #%@/" ;498>) ; /;H%h " b )7)#D%8>)%, .4" _4.(8)%242.)%/;%/9(28/7)%- 90)#%#) ' #) ; ; /9, %2" 90/8/" 9;%

" 9.4%5MM<H%%

%

! /, - #)%M%;>" b ;%8>)%$ )8(@" ./2%;8) ' ;%(90%$ ( i" #%/98)#$ )0/(8) ;%/97" .7)0%/9%8>)%=BN%(90%

,.4 "_4.(8)%'(8>b(4 ;H%h)#)%b)%0);2#/@)%(%2"-'.)%" &%(9( ' .) - #" 8/2%#)(28/" 9;%8>(8%(#)%8/, >8.4%

2"99)28)0%b/8>%8>)%=BN%242.)H%=>)%$ (./2%)9G4$ )%56B%EHEHEHÛ <%' .(4;%(%K)4%#" .)%&" #%$ /8" 2>" 90#/( .%

' 4#- 7(8)%$ )8(@" ./;$ %5/9%@" 8>%8>)%()#" @/2%(90%(9()#" @/2%#), /$ )<%" 9.4%5MM<H%%N9" 8>)#%/$ ' " #8(98%

#)(28/" 9%/;%' #" 7/0)0%@4%8>)%' 4#- 7(8)%2(#@" _4.( ; )%56B%RHTHEHE<D%b >/2>%>(;%8b " %/; " &" #$ ;%pyc1%(90%

pyc2H%?9%8>)%()#" @/2%#), /$ )%Y] n %" &%$ /8" 2>" 90#/( .%" _( ." (2)8(8)%2" $ ) ;%&#" $ %2(#@" _4.(8/" 9%" &%

' 4#- 7(8)%" 9.4%5MM<H%=>)%0/;8#/@- 8/" 9%" &%0- ' ./2(8)0%, )9) ;%/9%8>); )%' (8>b (4;%/;%;>" b 9%/9%=(@.)%???H%

N..%$ )8(@"./2%;8)';%2"$ $ "9%8"%8>)%=BN%(90%,.4 "_4.(8)%242.);%(#)%2(8(.4G)0%@4%)9G4$ );%8>(8%>(7)%

&" #$ )0%/; " G4$ ) ;%" #%>(7)%#)2" , 9/G(@.)%>" $ " ." , ;%/9%8>)%4)( ;8%, )9" $ )H%B/8#(8)%;498>( ; )%56B%

MHUHUHE<D%b >/2>%2(8( .4; ) ;%8>)%&/#;8%#(8)%./$ /8/9, %;8) ' %" &%=BND%>(;%8>#))%/; " G4$ ) ;*%B/8ED%(%

% ET



$ /8" 2>" 90#/( .%)9G4$ )%(28/7)%/9%=BNW%B/8MD%(%' )#" _/; " $ ( .%)9G4$ )%' (#8/2/' (8/9, %/9%8>)%, .4" _4.(8)%

242.)W%(90%B/8UD%(%;)2"90%(28/7)%$ /8"2>" 90#/( .%2" ' 4%5UE<H%=>)%9- 2.) (#%, )9)%aco1D%b >/2>%)92" 0) ;%

(2" 9/8( ; )%5THMHEHU<D%(%$ /8" 2>" 90#/( .%)9G4$ )%' (#8/2/' (8/9, %/9%@" 8>%' (8>b (4;D%>(;%(%2." ; )%>" $ " ." , %

5Aj OMSS2<%5UM<H%5h " b )7)#D%8>)%(- 8>" #;%b )#)%9" 8%(@.)%8" %)_' #) ; ;%8>/;%, )9)%- 90)#%8>)%2>" ; )9%

)_' )#/$ )98( .%2" 90/8/" 9;H<% S. cerevisiae%'";;);;);% 8b"%/;"G4$ );%&"#%@"8>%CNQ%(90%CNQa\

0) ' )90)98%/; " 2/8#(8)%0)>40#" , )9( ; )H%=>)%8b " %;- @- 9/8;%" &%8>)%CNQ\0) ' )90)98%$ /8" 2>" 90#/( .%

7)#; /" 9%" &%8>)%)9G4$ )%56B%EHEHEHTE<%(#)%)92" 0)0%@4%idh1 (90%idh2H%=>)%$ /8" 2>" 90#/( .%(90%

248" ; " ./2%7)#; /" 9;%" &%CNQa\0) ' )90)98%/; " 2/8#(8)%0)>40#" , )9( ; )%56B%EHEHEHTM<%(#)%)92" 0)0%@4%

idp1%(90%idp2H%?8%b (;%;- , , ) ;8)0%8>(8%8>); )%8b " %CNQa\0) ' )90)98%/; " 2/8#(8)%0)>40#" , )9( ; ) ;%0" %9" 8%

' .(4%(94%;/, 9/&/2(98%#" .)%/9%8>)%=BN%242.)D%@- 8%#(8>)#%2" 98#/@- 8)%8" %&" #$ (8/" 9%" &%! \K)8" , .- 8(#(8)%

9)2);;(#4%&"#%8>)%@/";498>);/;%"&%,.-8($ (8)%)7)9%- 90)#%8>)%2" 90/8/" 9;%b >)9%8>)%&- ..%=BN%242.)%/;%

9" 8%&- 928/" 9/9, %5UU<H%%

%

N%9- $ @)#%" &%)9G4$ ) ;%/97" .7)0%)_2.- ; /7) .4%/9%8>)%, .4" _4.(8)%242.)%(.; " %>(7)%>" $ " ." , ; *%

8>)%,)9)%icl1%)92" 0/9, %/; " 2/8#(8)%.4( ; )%56B%THEHUHE<%>(;%(%>" $ " ." , %icl2 &" #%b >/2>%8>)%&- 928/" 9%/;%

9" 8%);8(@./;>)0H%=>)  icl2%, )9)%( ' ' ) (#;%8" %@)%/9(28/7)D%@" 8>%/9%7/8#" %(90%/9%7/7" H%C" %" 8>)#%&- 928/" 9%

>(;%@))9%).- 2/0(8)0%&" #%8>/;%, )9)%5UT<H%a#); - $ (@.4D%8b " %>/, >.4%>" $ " ." , " - ;%/; " G4$ ) ;%" &%$ (.(8)%

;498>( ; )%)_/;8%/9%4)( ;8*%" 9)%" &%8>)$ D%1 .;ED%/;%/97" .7)0%/9%8>)%, .4" _4.(8)%242.)D%b >/.)%8>)%" 8>)#D%

Q(.YD%' (#8/2/' (8) ;%/9%(..(98" /9%0), #(0(8/" 9H%6_' #) ; ; /" 9%" &%8>)%, )9) ;%8>(8%)92" 0)%8>) ; )%8b " %' #" 8) /9;%

/;%; ' )2/&/2%&" #%8>)/#%' >4; /" ." , /2( .%#" .) ;%/9%2(#@" 9%(90%9/8#" , )9%$ )8(@" ./;$ H%3(; )0%" 9%" @;)#7(8/" 9;%

b /8>%9- ..%$ - 8(8/" 9;%/9%8>); )%, )9) ;D%h (#8/, %)8%(.H%5EVVM<%;- , , ) ;8)0%8>(8%S. cerevisiae%2" 98( /9;%(8%

.) ( ;8%" 9)%(90%' )#>( ' ;%8b " %(00/8/" 9( .%$ (.(8)%;498>( ; )%56B%MHUHUHV<, )9) ;W%8>)/#%;- , , ) ;8/" 9%/;%9" 8%

;- ' ' " #8)0%@4%" - #%(9( .4; /;D%>" b )7)#D%- 9.) ; ;%8>)%' #" ' " ; )0%/; " G4$ ) ;%)$ )#, )0%(;%(%#); - .8%" &%

9" 9>" $ " ." , " - ;%#) ' .(2)$ )98H%J &%8>)%8>#))%/; " G4$ ) ;%" &%$ (.(8)%0)>40#" , )9( ; )%56B%EHEHEHUY<%&" - 90%

/9%4)( ;8D%8>)%248" ' .( ;$ /2%7)#; /" 9%)92" 0)0%@4%mdh2,%/;%@)./)7)0%8" %' (#8/2/' (8)%/9%8>)%, .4" _4.(8)%

242.)D%b >/.)%8>)%' #" 0- 28;%" &%mdh1 (90 mdh3 (#)%$ " ;8.4%/97" .7)0%/9%)9)#, 4%' #" 0- 28/" 9%%
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f HQHD%! .(>)#84D%aHD%! " - #4D%! HD%I (#&/9K) .D%QHj HD%I )#;8) /9D%1 HD%I " 88)D%QHD%I - .0)9)#D%XHD%

h ), )$ (99D%j Hh HD%h )$ ' ) .D%PHD%h )#$ (9D%LHD%j (#($ /.." D%QH! HD%f ) ..4D%QH6HD%f ) ..4D%PHOHD%f " 88)#D%

aHD%O(3" 98)D%QHD%O($ D@%QHBHD%O(9D%CHD%O/(9, D%h HD%O/(" D%h HD%O/- D%OHD%O- " D%BHD%O- ; ; /)#D%1 HD%

1 (" D%+HD%1 )9(#0D%aHD%J " /%DPHOHD%+)7- ) .8(D%j HOHD%+" @)#8;D%BHj HD%+" ; )D%1 HD%+" ; ; \1 (20" 9( .0D%

aHD%P2>)#)9;D%3HD%P2>/$ $ (2KD%I HD%P>(&)#D%3HD%P>" )$ (K)#D%QHQHD%P" " K>( /\1 (>(0)" D%PHD%

P8" #$ ;D%+Hf HD%P8#(8>)#9D%j HCHD%k (..)D%I HD%k " )8D%1 HD%k " .2K()#8D%I HD%d (9, D%BHAHD%d (#0D%=H+HD%

d /.>) .$ 4D%j HD%d /9G).)#D%6HNHD%A(9, D%AHD%A)9D%I HD%A" - 9, $ (9D%6HD%A- D%f HD%3- ; ; )4D%h HD%

3" )K)D%j HQHD%P940)#D%1 HD%a>/./' ' ; )9D%aHD%Q(7/;D%+Hd HD%j " >9;8" 9D%1 H%%5MSSM<%%! - 928/" 9( .%

' #" &/./9, %" &%8>)%P(22>(#" $ 42) ;%2)#)7/; /( )%, )9" $ )H%NatureH%MSSM%TÊ D%Û Y\UVEH%%

ETH%P2" 88D%6Hd HD%3(K)#D%h Hk H%5EVVU<%B" 92)#8)0%(28/" 9%" &%8>)%8#(9;2#/' 8/" 9( .%(28/7(8" #;%+63ED%%

+NaED%%(90%I B+E%/9%8>)%>/, >\.)7) .%)_' #) ; ; /" 9%" &%8>)%, .42" .48/2%, )9)%=a?H%Mol Cell BiolH%

EUD%] TUo] ] SH%

E] H%3" .) ;D%6HD%P2>- .8)D%! HD%1 /" ; , (%=HD%! #) /0) .D%f HD%P2>.- 8)#D%6HD%L/$ $ )#$ (99D%! Hf HD%

h " ..)9@)#, D%BHaHD%h )/9/;2>D%j Hj H%5EVVY<%B>(#(28)#/G(8/" 9%" &%(%, .- 2" ; ) \#) ' #) ; ; )0%' 4#- 7(8)%

K/9(;)%5a4KM'<%/9%P(22>(#"$42);%2)#)7/;/()%8>(8%/;%2(8(.48/2(..4%/9;)9;/8/7)%8"%&#-28";)\

EDR\@/; ' >" ; ' >(8)H%J BacteriolH%EYVD%MV̂ YoMVVUH%

ERH%h )/9/;2>D%j HD%+/8G).D%+HI HD%7" 9%3" #;8) .D%+HBD%N, - /.)#(D%NHD%+" 0/2/" D%+HD%L/$ $ )#$ (99D%! Hf H%%
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5EV̂ V<%=>)%' >" ; ' >" &#- 28" K/9( ; )%, )9) ;%" &%4)( ;8%)7" .7)0%&#" $ %8b " %0- ' ./2(8/" 9%)7)98;H%

GeneH%Ŷ D%USVoUMEH%%

EYH%f " " 9/9D%6Hk HD%! )0" #" 7(D%CHQHD%j (2K;" 9D%j HQHD%j (2" @;D%NH+HD%f #4." 7D%QH1 HD%1 (K(#" 7(D%f HPHD%%

1 (G- $ 0)#D%+HD%1 )K>)0" 7D%PHOHD%C/K" .;K(4(D%NHCHD%+(" D%3HPHD%+" , " G/9D%?H3HD%P$ /#9" 7D%PHD%

P" #" K/9D%NHk HD%P7)#0." 7D%NHk HD%k (; - 0)7(9D%PHD%d " .&D%AH?HD%A/9D%j Hj HD%C(8( .)D%QHNH%5MSST<%N%

2" $ ' #)>)9; /7)%)7" .- 8/" 9(#4%2.( ; ; /&/2(8/" 9%" &%' #" 8) /9;%)92" 0)0%/9%2" $ ' .)8)%)- K(#4" 8/2%

, )9" $ ) ;H%Genome BiolH%] D%+YH%%

Ê H%h " ..(90D%j HaHD%O(@/)9/)2D%OHD%Pb /$ $ )#D%BHD%h " ..(90D%1 Hj H%5EV̂ U<%h " $ " ." , " - ;%9- 2.) " 8/0)%%

;)g-)92);%(8%8>)%]t%8)#$/9/%"&%$ );;)9,)#%+CN;%;498>);/G)0%&#"$%8>)%4)(;8%)9".(;)%(90%

, .42)#( .0)>40) \U\' >" ; ' >(8)%0)>40#",)9(;)%,)9)%&($/./);H%=>)%'#/$ (#4%;8#-28-#)%"&%(%8>/#0%

4)( ;8%, .42)#( .0)>40) \U\' >" ; ' >(8)%0)>40#" , )9( ; )%, )9)H%J Biol ChemH%M] ^D%] MVEo] MVVH%

EVH%3- #K)D%+HOHD%=)K($ ' \J .; " 9D%aHD%C(i(#/(9D%+H%5EV̂ U<%=>)%/; " .(8/" 9D%2>(#(28)#/G(8/" 9D%(90%%

;)g-)92)%"&%8>)%'4 #-7(8)%K/9(;)%,)9)%"&%P(22>(#"$42);%2)#)7/;/()H%J Biol ChemH%M] ^D%

MEVUoMMSEH%

MSH%a)(#2)D%NHfHD%B#/$$ /9;D%fHD%I#"-;;(2D%6HD%h)b./9;D%1 Hj HD%Q/2K/9; " 9D%j H+HD%! #(92" /;D%j HD%3" " 8>D%%

?H+HD%3#" b 9D%NHj H%5MSSE<%a4#- 7(8)%K/9( ; )%5a4KE<%.)7) .;%/9&.- )92)%@" 8>%8>)%#(8)%(90%

0/#)28/" 9%" &%2(#@" 9%&.- _%/9%4)( ;8%- 90)#%&)#$ )98(8/7)%2" 90/8/" 9;H%MicrobiologyH%ETYD%UVEo

TSEH%%

MEH%3" .) ;D%6HD%O/)@)8#(- D%d HD%h " &$ (99D%1 HD%L/$ $ )#$ (99D%! Hf H%5EVVT<%N%&($ /.4%" &%%

>)_";)'>";'>(8)% $ - 8(;);%/9%P(22>(#"$42);%2)#)7/;/()H%Eur J BiochemH%MMSD%̂UoVRH%

MMH%1 ((>) /$ " %h HD%! .( - _%j HD%B(K(#%LHaHD%3(/.)4%j H6HD%P" - )#%XHD%PG4' )#;K/%=H%5MSSE<%B)98#( .%2(#@" 9%%

$ )8(@" ./;$ %" &%P(22>(#" $ 42) ;%2)#)7/; /( )%)_' ." #)0%@4%@/" ;498>)8/2%&#(28/" 9( .%B5EU<%

.(@)./9, %" &%2" $ $ " 9%($ /9" %(2/0;H%Eur. J. Biochem. MR̂ D%MTRToMTYVH%

MUH%O" @" D%LHD%1 (/8#(D%aHf H%5EV̂ M<%a)98" ; )%' >" ; ' >(8)%' (8>b (4%$ - 8(98;%" &%4)( ;8H%Mol Gen  

GenetH%Ê ] D%URYoUR̂ H%

MTH%P2>((&&\I )#;8)9;2>.( , )#D%?HD%L/$ $ )#$ (99D%! Hf H%5EVVU<%a)98" ; ) \' >" ; ' >(8)%' (8>b (4%/9%%
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P(22>(#"$42);%2)#)7/;/()*%(9(.4 ; /;%"&%0).) 8/" 9%$ - 8(98;%&" #%8#(9;K)8" .( ; )D%8#(9; ( .0" .( ; )D%

(90%, .- 2" ; )%R\' >" ; ' >(8)%0)>40#" , )9( ; )H%Curr GenetH%MTD%UYUoUYRH%%

M] H%1 (; ; (98D%j HD%k )#;8#)K)9D%aHD%Q- #@)2gD%k HD%f >" .8/D%NHD%O), #( /9D%BHD%3))2K$ (9;D%PHD%

B" #9) ./;D%aHD%I .(9;0" #&&D%CH%5MSSM<%1 )8(@" ./2%2>(99) ./9, %" &%2(#@($ " 4.%' >" ; ' >(8)D%(%

8>)#$ " .(@/.)%/98)#$ )0/(8)*%)7/0)92)%&" #%' >4;/2(.%/98)#(28/"9%@)8b))9%2(#@($(8)%K/9(;)\

./K)%2(#@($" 4.\'>";'>(8)%;498>)8(;)%(90%"#9/8>/9)%2(#@($" 4.8#(9;&)#(;)%&#"$%8>)%

>4' )#8>)#$ " ' >/.)%a4#" 2" 22- ;%&- #/" ; - ;H%J Biol ChemH%MYYD%Ê ] EY\MMH%%

MRH%A- D%=HPHD%O- )D%d HOHD%d (9, D%PH1 HD%B>)9D%j H%5MSSS<%%1 - 8(8/" 9%" &%N#(@/0" ' ; /;%' .( ;8/0%%

'>";'>",.-2";)% /;"$ )#(;)%(&&)28;%.)(&%;8(#2>%;498>);/;%(90%&."#(.%/9/8/(8/"9H%

Plant PhysiolH%EMUD%UEV\UMRH%

MYH%>88' *::@(2/..- ;H, )9" $ )Hi' :@;" #&u$ - 8(98u./;8:a( , )ETH>8$ %

M̂ H%P" #)9; )9D%f H?HD%h " 7) \j )9; )9D%3H%%5EVVR<%%+/@" ;)%2(8(@" ./;$ %" &%6;2>)#/2>/(%2" ./*%%

2>(#(28)#/G(8/" 9%" &%8>)%#' /3%, )9)%)92" 0/9, %#/@" ; )%' >" ; ' >(8)%/; " $ )#( ; )%3%(90%" &%8>)%#' /+%

, )9)D%b >/2>%/;%/97" .7)0%/9%#), - .(8/" 9%" &%#' /3%)_' #) ; ; /" 9H%J BacteriolH%EŶ D%ESSU\ESEEH%%

MVH%1 2N./;8)#\h )99%OHD%P$ (..%d HBH%5EVVY<%1 " .)2- .(#%,)9)8/2;%"&%4)(;8%=BN%242.)%/;"G4$ );H%%

Prog. Nucleic Acids Res.. Mol. Biol.%] YD%UEYoUUVH%

USH%1 2B($ $ " 9%1 H=HD%6' ;8) /9%BH3HD%a#G4@4.( \L(b /; .(K%3HD%1 2N./;8)#\h )99%OHD%3- 8" b %+H%5MSSU<%%

I."@(.%8#(9;2#/'8/"9%(9(.4 ; /;%"&%f#)@;%=#/2(#@"_4./2%N2/0%242.)%$ - 8(98;%#)7)(.;%(9%

(.8)#9(8/9, %' (88)#9%" &%, )9)%)_' #) ; ; /" 9%(90%)&&)28;%" 9%>4' " _/2%(90%" _/0(8/7)%, )9) ;H%

Molecular Biology of the Cell. ETD%V] ^oVYMH%

UEH%j/(%AHfHD%3)2($ %NH1HD%h)#@)#8%BHjH%5EVVY<%=>)%B?=U%,)9)%"&%P(22>(#"$42);%2)#)7/;/()%%

)92" 0) ;%(%;)2" 90%$ /8" 2>" 90#/( .%/; " &" #$ %" &%2/8#(8)%;498>( ; )H%Mol Microbiol. MTD%] Uo] VH%

UMH%a- #9) ..)D%3HD%B" ;8)#D%! HD%I " &&)( - D%NH%5EVVT<%=>)%;)g- )92)%" &%(%UR%K@%;) , $ )98%" 9%8>)%.)&8%(#$ %%

" &%%4)( ;8%2>#" $ " ; " $ )%r %/0)98/&/) ;%MT%" ' )9%#)(0/9, %&#($ ) ;%/92.- 0/9, %CXBED%a+aME%

5PaaVE<D%BQBRD%B+AMD%8>)%, )9)%&" #%PMTD%(%>" $ " ." , - )%8" %8>)%(2" 9/8( ; )%, )9)%NBJ E%(90%

8b " %>" $ " ." , - ) ;%8" %2>#" $ " ; " $ )%???%, )9) ;H%Yeast.%ESD%EMU] oEMTVH%
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UUH%h (; ) .@)2KD%+Hj HD%1 2N./;8)#\h )99D%OH%5EVVU<%! - 928/" 9%(90%)_' #) ; ; /" 9%" &%4)( ;8%$ /8" 2>" 90#/( .%%

CNQ\%(90%CNQa\;')2/&/2%/;"2/8#(8)%0)>40#",)9(;);H%J Biol ChemH%MR̂ D%EMEERoEMEMMH%%

UTH%h )/9/;2>D%j Hj HD%k (.0) ;D%6HD%N.7(#)GD%j HD%+" 0/2/" D%+H5EVVR<%1 " .)2- .(#%, )9)8/2;%" &%?BOMD%)92" 0/9, %%

(%9"9\&-928/"9(.%/;"2/8#(8)%.4(;)%/9%P(22>(#"$42);%2)#)7/;/()H%YeastH%EMD%EM̂ ] oEMV] H%%

U] H%h (#8/, D%NHD%P/$ " 9D%1 H1 HD%P2>- ;8)#D%=HD%Q(- , >)#84D%j H+HD%A" " D%h HPHD%B" " ' )#D%=HI H%5EVVM<%%%

Q/&&)#)98/(..4%#),-.(8)0%$ (.(8)%;498>(;)%, )9) ;%' (#8/2/' (8)%/9%2(#@" 9%(90%9/8#" , )9%

$ )8(@"./;$%"&%PH%2)#)7/;/()H%Nucleic Acids ResH%MSD%] RYYo] R̂ RH%%

URH%O/- D%LHD%3- 8" b D%+HNH%5EVVV<%N%8#(9;2#/' 8/" 9( .%;b /82>%/9%8>)%)_' #) ; ; /" 9%" &%4)( ;8%8#/2(#@" _4./2%%

(2/0%242.)%, )9) ;%/9%#); ' " 9; )%8" %(%#)0- 28/" 9%" #%." ; ;%" &%#); ' /#(8" #4%&- 928/" 9H%Mol Cell BiolH%

EVD%RYMSoRYM̂ H%
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%
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=(@.)%?H%a>)9" 84' /2%0/;8#/@- 8/" 9%" &%2)98#( .%$ )8(@" ./2%)9G4$ ) ;%/9%S. cerevisiaeH%69G4$ );%(#)%
2(8) , " #/G)0%(;%; /9, .)8" 9%" #%0- ' ./2(8)%(90%(;%7/(@.)%" #%.)8>( .%' >)9" 84' )H%Q/;8#/@- 8/" 9%" &%0- ' ./2(8)%
,)9);%/9%2)98#(.%$ )8(@"./2%'(8>b(4 ;%/;%$ " #)%8>(9%0"-@.)%/9%(..%4)(;8%J+!;H%Q-'./2(8)%.)8>(.%,)9);%
(#)%0)&/9)0%(;%, )9) ;%8>(8%(#)%>" $ " ." , " - ;D%@- 8%(#)%- 9(@.)%8" %2" $ ' )9; (8)%&" #%8>)%" 8>)#;%2)98#( .%
$ )8(@" ./2%&- 928/" 9D%(90%8>)#)&" #)%' #" 0- 2)%(%.)8>( .%' >)9" 84' )H%
%

B)98#( .%1 )8(@" ./2%a(8>b (4
P/9, .)8" 9%
k/(@.)

Q-'./2(8)%
k/(@.)

P/9, .)8" 9%
O)8>( .%

Q-'./2(8)%
O)8>(.

I .42" .4; /;% %% ] HTHMHM% %% %%
%% %% %% ] HUHEHV% %%
%% %% MHYHEHEE% %% %%
%% %% %% THEHMHEU% %%
%% %% %% ] HUHEHE% %%
% % RHTHEHE% % %
%% %% EHMHEHEM% %% %%
%% MHYHMHU% %% %% %%
%% %% ] HTHMHE% %% %%
%% %% THMHEHEE% %% %%
% % MHYHEHTS% % %
%% %% RHTHEHE% %% %%
Totals VHEn % RUHRn % MYHUn % SHSn %
a)98" ; )%a>" ; ' >(8)%P>- 98% EHEHEHTV% %% %% %%
%% %% UHEHEHUE% %% %%
%% %% EHEHEHTT% %% %%
%% ] HEHUHE% %% %% %%
%% %% %% ] HUHEHR% %%
%% %% MHMHEHE% %% %%
%% %% MHMHEHM% %% %%
Totals M̂ HRn % ] YHEn % ETHUn % SHSn %
?98)#$ )0/(8)%P8) ' ;% EHMHTHE% %% %% %%
%% MHUHEHEM% %% %% %%
Totals ESSHSn % SHSn % SHSn % SHSn %
=BN%B42.)%s %I .4" _4.(8)%B42.)% %% MHUHUHE% %% %%
%% %% THMHEHU% %% %%
%% %% EHEHEHTE% %% %%
%% %% EHEHEHTM% %% %%
%% EHMHTHM% %% %% %%
%% MHUHEHRE% %% %% %%
%% %% EĤHEHT% %% %%
%% RHMHEHT% %% %% %%
%% %% EHUH] HE% %% %%
%% THMHEHM% %% %% %%
%% %% EHEHEHUY% %% %%
%% %% THEHUHE% %% %%
%% %% MHUHUHV% %% %%
% EHEHEHÛ % % % %
Totals U] HYn % RTHUn % SHSn % SHSn %
! )#$ )98(8/" 9% %% THEHEHE% %% %%
%% %% EHEHEHE% %% %%
Totals SHSn % ESSHSn % SHSn % SHSn %
Central Metabolic Pathway Totals MYĤn % REHEn % EEHEn % SHSn %
All ORFs Totals ] YH] n % MTHYn % E] HMn % MHRn %
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Gene Category 
Singleton 
Viable 

Duplciate 
Viable 

Singleton 
Lethal 

Duplicate 
Lethal 

All Genes 1819 1197 2102 1058
Central Metabolic 10 81 4 0

 
% Singleton 
Viable 

% Singleton 
Lethal 

% Duplicate 
Viable 

% 
Duplicate 
Lethal 

All Genes 29.46% 34.04% 19.38% 17.13%
Central Metabolic 10.53% 4.21% 85.26% 0.00%

 

Duplicate 
Viable Gene 
Types 

Duplicate 
Lethal Gene 
Types 

% of 
Unduplicated 
Genes 

# of 
Duplicate
s per 
Gene 

All Genes 282 431 84.63% 1.33
Central Metabolic 24 0 36.84% 2.50

%
%
%
%

% MR



=(@.)%??H%%Q/;8#/@- 8/" 9%(90%' >)9" 84' )%' #" ' )#8/) ;%" &%>" $ " ." , ;%&" #%, )9) ;%/97" .7)0%/9%8>)%' )98" ; )%
' >" ; ' >(8)%;>- 98H%
%

a)98" ; )%a>" ; ' >(8)%
I)9);

6HBH%
C-$ @)#

a>)9" 8
4' )

Q- ' ./2(
8); N0('8/7)%P8#(8),/);

hrfE% v%hfN% MHYHEHE%k/(@.)% 4);% ?;"G4$ );%
h r f M%v%h f 3%v%
h 6r E% MHYHEHE% k /(@.)% 4);% ?;"G4$ ) ;%
I Of E% MHYHEHM% k /(@.)% 4);% I .42" .48/2%
Ld ! E%v%1 6=EV% EHEHEHTV% k /(@.)% 9" % N.8)#9(8/7)%a(8>b (4w%
P" .E% UHEHEHUE% k /(@.)% 4) ;% h " $ " ." , ;%
P" .M% UHEHEHUE% k /(@.)% 4) ;% h " $ " ." , ;%
P" .U% UHEHEHUE% k /(@.)% 4) ;% h " $ " ." , ;%
P" .T% UHEHEHUE% k /(@.)% 4) ;% h " $ " ." , ;%
I 90E% EHEHEHTT% k /(@.)% 4);% ?;" G4$ ) ;%
I 90M% EHEHEHTT% k /(@.)% 4);% ?;" G4$ ) ;%
+a6E%v%aJ PÊ % ] HEHUHE% k /(@.)% 9" % N.8)#9(8/7)%a(8>b (4%

+f =E% ] HUHEHR% O)>8( .% 9" %
O)8>( .%\%+/@" ; )%] \
a>" ; ' >(8)%

=f OE% MHMHEHE% k /(@.)% 4);% ?;" G4$ ) ;%
=f OM% MHMHEHE% k /(@.)% 4);% ?;" G4$ ) ;%

=NOE%v%AI +STUB% MHMHEHM% k /(@.)% 4);%
M%)9G4$ );%('')(#%8"%@)%
)92" 0)0%@4%;($ )%, )9)%

%

% MY



=(@.)%???H%%=>)%0/;8#/@- 8/" 9%" &%0- ' ./2(8)0%, )9) ;%/9%8>)%=BN%(90%, .4" _4.(8)%242.) ;%(90%8>)/#%
;- @2)..- .(#%." 2(8/" 9H%N..%$ )8(@" ./2%;8) ' ;%2" $ $ " 9%8"%8>)%=BN%(90%,.4 "_4.(8)%242.);%(#)%2(8(.4G)0%
@4%)9G4$ ) ;%8>(8%>(7)%&" #$ )0%/; " G4$ ) ;%" #%>(7)%#)2" , 9/G(@.)%>" $ " ." , ;%/9%8>)%4)( ;8%, )9" $ )H%
%
6HBH%
C-$ @)# =BN I .4" _4.(8) X9K9" b 9 a>)9" 84' ) Q-'./2(8); O"2(./G(8/"9

B/8E% %% %% k /(@.)% 4);% $ /8" 2>" 90#/(%
%% B/8M% %% k /(@.)% 4);% ' )#" _/; " $ )%MHUHUHE%
%% %% B/8U% k /(@.)% 4);% $ /8" 2>" 90#/(%

THMHEHU% N2" E% N2" E% %% k /(@.)% 4) ;% $ /8" 2>" 90#/(%
THEHUHE% %% ?2.E% %% k /(@.)% 4);% ' )#" _/; " $ )%

%% 1 .;E% %% k /(@.)% 4);% , .4" _" ; " $ )%MHUHUHV%
%% Q(.Y% %% k /(@.)% 4);% , .4" _" ; " $ )%
?0>E% %% %% k /(@.)% 4);% $ /8" 2>" 90#/(%EHEHEHTE%
?0>M% %% %% k /(@.)% 4);% $ /8" 2>" 90#/(%
%% ?0' E% %% k /(@.)% 4);% $ /8" 2>" 90#/(%EHEHEHTM%
%% ?0'M% %% k/(@.)% 4);% 248"'.(;$ %
1 0>E%%% %% k /(@.)% 4);% $ /8" 2>" 90#/(%
%% 1 0>M% %% k /(@.)% 4);% 248" ' .( ;$ %EHEHEHUY%
1 0>U%%% %% k /(@.)% 4);% ' )#" _/; " $ )%
f , 0E% %% %% k/(@.)% 9" % $ /8" 2>" 90#/(%
f , 0M% %% %% k/(@.)% 9" % $ /8" 2>" 90#/(%

EHMHTHM%:%
MHUHEHRE%:%
EĤHEHT% O' 0E% %% %% k/(@.)% 4);% $ /8" 2>" 90#/(%

O;2E% %% %% k/(@.)% 9" % $ /8" 2>" 90#/(%RHMHEHT%
O;2M%%% %% k/(@.)% 9" % $ /8" 2>" 90#/(%
P0>E% %% %% k/(@.)% 4);% $ /8" 2>" 90#/(%
P0>M% %% %% k/(@.)% 4);% $ /8" 2>" 90#/(%
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EC 5.3.1.9         

Tax.  
Group Organism GN ORF EF SL COM 

High 
Eukaryote M. musculus gpi   isozyme cytosol   

  M. musculus gpi1  isozyme cytosol 
Frag-
ment 

  A. thaliana F22K18.180 At4g24620 isozyme cytosol   
  A. thaliana MJB21.12 At4g42740 isozyme cytosol   

Low 
Eukaryote S. pombe pgi1 SPBC1604.05   cytosol   

  P. falciparum   PF14_0341   cytosol   

Gram + B. subtilis pgi BSU31350   cytosol   

  
L. 
monocytogenes pgi lmo2367   cytosol   

Gram - E. coli K12 pgi b4025   cytosol   

  C. jejuni pgi Cj1535c   cytosol   
Archaea A. fu lg id is manC AF1097 multifunctional cytosol   
  A. fulgidis   AF0035 bifunctional cytosol   

  P. furiosus pgiA PF0196   cytosol   

                                 EC 4.1.2.13      

High 
Eukaryote M. musculus aldoa  isozyme muscul class I 
  M. musculus aldob  isozyme liver class I 
  M. musculus aldoc  isozyme brain class I 

  A. thaliana F10A8.2 At2g01140 isozyme   class I 
  A. thaliana F3K23.9 At2g21330 isozyme   class I 
  A. thaliana F1011.9 At2g36460 isozyme   class I 
  A. thaliana F8J2.100 At3g52930 isozyme   class I 
  A. thaliana M3E9.50 At4g26520 isozyme cytosol class I 
  A. thaliana M3E9.40 At4g26530 isozyme   class I 
  A. thaliana F19H22.70 At4g38970 isozyme   class I 
  A. thaliana F17c15.110 At5g03690 isozyme   class I 

Low 
Eukaryote S. pombe fba1 SPBC19C2.07   cytosol class II 

  P. falciparum   PF14_0425   cytosol class I 
Gram + B. subtilis fbaA BSU39670 isozyme cytosol class II 
  B. subtilis fbaB BSU37120 isozyme cytosol class II 

  
L. 
monocytogenes  lmo0359 isozyme cytosol class II 

  
L. 
monocytogenes  lmo2133 isozyme cytosol class II 

  
L. 
monocytogenes fbaA lmo2556 isozyme cytosol class II 

Gram - E. coli K12 fbaA b2925 isozyme cytosol class II 
  E. coli K12 fbaB b2097 isozyme cytosol class I 

% MV



  C. jejuni fba Cj0597   cytosol class II 

Archaea A. fu lg id is   AF0230   cytosol class I 

  P. furiosus fba PF1956   cytosol class I 

                                  EC 5.3.1.1       

High 
Eukaryote M. musculus tpi1         

  A. thaliana F26H11.7 At2g21170 isozyme chloroplast   
  A. thaliana T22E16.100 At3g55440 isozyme cytosol   

Low 
Eukaryote S. pombe tpi SPCC24B10.21   cytosol   
  P. falciparum   PF14_0378 isozyme cytosol   
  P. falciparum   PFC0831w isozyme cytosol   

Gram + B. subtilis tpiA BSU33920 isozyme cytosol   

  
L. 
monocytogenes tpiA1 lmo2457 isozyme cytosol   

  
L. 
monocytogenes tpiA2 lmo0346 isozyme cytosol   

Gram - E. coli K12 tpiA b3919   cytosol   

  C. jejuni tpiA Cj1401c   cytosol   

Archaea A. fu lg id is tpiA AF1304   cytosol   

  P. furiosus tpiA PF1920   cytosol   

                                  EC 5.3.1.6       

High 
Eukaryote M. musculus rpia       class A 
  A. thaliana F23N20.9 At1g71100 isozyme cytosol class A 

  A. thaliana F10A8.17 At2g01290 isozyme chloroplast? 
expres
sed 

  A. thaliana T9J14.26 At3g04790 isozyme chloroplast class A 

Low 
Eukaryote S. pombe   SPAC144.12   cytosol class A 

  P. falciparum   PFE0730c   cytosol class A 

Gram + B. subtilis ywlF BSU36920   cytosol class B 

  
L. 
monocytogenes rpiA lmo0975 isozyme cytosol class A 

  
L. 
monocytogenes   lmo0345 isozyme cytosol class B 

  
L. 
monocytogenes   lmo0498 isozyme cytosol class B 

  
L. 
monocytogenes   lmo0736 isozyme cytosol class B 

  
L. 
monocytogenes   lmo2662 isozyme cytosol class B 

  
L. 
monocytogenes   lmo2674 isozyme cytosol class B 

Gram - E. coli K12 rpiA b2914 isozyme cytosol class A 
  E. coli K12 rpiB b4090 isozyme cytosol class B 

  C. jejuni rpiB Cj0925   cytosol class B 

Archaea A. fu lg id is rpi AF0943   cytosol class A 

  P. furiosus rpiA PF1258   cytosol class A 

%
%
%
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