






























































































































































































































































































































































































                         SEQUENCE LISTING 
 
<110>  Seattle Children's Hospital (dba Seattle Children's  
       Research Institute) 
  
<120>  METHOD FOR ENHANCING EXPRESSION OF CRISPR-KNOCKOUT IN PRIMARY  
       CELLS 
 
<130>  SCRI.094WO 
 
<150>  US 62/161104 
<151>  2015-05-13 
 
<160>  23     
 
<170>  PatentIn version 3.5 
 
<210>  1 
<211>  496 
<212>  PRT 
<213>  adeno-associated virus 
 
<400>  1 
 
Met Glu Arg Arg Asn Pro Ser Glu Arg Gly Val Pro Ala Gly Phe Ser  
1               5                   10                  15       
 
 
Gly His Ala Ser Val Glu Ser Gly Cys Glu Thr Gln Glu Ser Pro Ala  
            20                  25                  30           
 
 
Thr Val Val Phe Arg Pro Pro Gly Asp Asn Thr Asp Gly Gly Ala Ala  
        35                  40                  45               
 
 
Ala Ala Ala Gly Gly Ser Gln Ala Ala Ala Ala Gly Ala Glu Pro Met  
    50                  55                  60                   
 
 
Glu Pro Glu Ser Arg Pro Gly Pro Ser Gly Met Asn Val Val Gln Val  
65                  70                  75                  80   
 
 



Ala Glu Leu Tyr Pro Glu Leu Arg Arg Ile Leu Thr Ile Thr Glu Asp  
                85                  90                  95       
 
 
Gly Gln Gly Leu Lys Gly Val Lys Arg Glu Arg Gly Ala Cys Glu Ala  
            100                 105                 110          
 
 
Thr Glu Glu Ala Arg Asn Leu Ala Phe Ser Leu Met Thr Arg His Arg  
        115                 120                 125              
 
 
Pro Glu Cys Ile Thr Phe Gln Gln Ile Lys Asp Asn Cys Ala Asn Glu  
    130                 135                 140                  
 
 
Leu Asp Leu Leu Ala Gln Lys Tyr Ser Ile Glu Gln Leu Thr Thr Tyr  
145                 150                 155                 160  
 
 
Trp Leu Gln Pro Gly Asp Asp Phe Glu Glu Ala Ile Arg Val Tyr Ala  
                165                 170                 175      
 
 
Lys Val Ala Leu Arg Pro Asp Cys Lys Tyr Lys Ile Ser Lys Leu Val  
            180                 185                 190          
 
 
Asn Ile Arg Asn Cys Cys Tyr Ile Ser Gly Asn Gly Ala Glu Val Glu  
        195                 200                 205              
 
 
Ile Asp Thr Glu Asp Arg Val Ala Phe Arg Cys Ser Met Ile Asn Met  
    210                 215                 220                  
 
 
Trp Pro Gly Val Leu Gly Met Asp Gly Val Val Ile Met Asn Val Arg  
225                 230                 235                 240  
 
 
Phe Thr Gly Pro Asn Phe Ser Gly Thr Val Phe Leu Ala Asn Thr Asn  
                245                 250                 255      
 
 



Leu Ile Leu His Gly Val Ser Phe Tyr Gly Phe Asn Asn Thr Cys Val  
            260                 265                 270          
 
 
Glu Ala Trp Thr Asp Val Arg Val Arg Gly Cys Ala Phe Tyr Cys Cys  
        275                 280                 285              
 
 
Trp Lys Gly Val Val Cys Arg Pro Lys Ser Arg Ala Ser Ile Lys Lys  
    290                 295                 300                  
 
 
Cys Leu Phe Glu Arg Cys Thr Leu Gly Ile Leu Ser Glu Gly Asn Ser  
305                 310                 315                 320  
 
 
Arg Val Arg His Asn Val Ala Ser Asp Cys Gly Cys Phe Met Leu Val  
                325                 330                 335      
 
 
Lys Ser Val Ala Val Ile Lys His Asn Met Val Cys Gly Asn Cys Glu  
            340                 345                 350          
 
 
Asp Arg Ala Ser Gln Met Leu Thr Cys Ser Asp Gly Asn Cys His Leu  
        355                 360                 365              
 
 
Leu Lys Thr Ile His Val Ala Ser His Ser Arg Lys Ala Trp Pro Val  
    370                 375                 380                  
 
 
Phe Glu His Asn Ile Leu Thr Arg Cys Ser Leu His Leu Gly Asn Arg  
385                 390                 395                 400  
 
 
Arg Gly Val Phe Leu Pro Tyr Gln Cys Asn Leu Ser His Thr Lys Ile  
                405                 410                 415      
 
 
Leu Leu Glu Pro Glu Ser Met Ser Lys Val Asn Leu Asn Gly Val Phe  
            420                 425                 430          
 
 



Asp Met Thr Met Lys Ile Trp Lys Val Leu Arg Tyr Asp Glu Thr Arg  
        435                 440                 445              
 
 
Thr Arg Cys Arg Pro Cys Glu Cys Gly Gly Lys His Ile Arg Asn Gln  
    450                 455                 460                  
 
 
Pro Val Met Leu Asp Val Thr Glu Glu Leu Arg Pro Asp His Leu Val  
465                 470                 475                 480  
 
 
Leu Ala Cys Thr Arg Ala Glu Phe Gly Ser Ser Asp Glu Asp Thr Asp  
                485                 490                 495      
 
 
<210>  2 
<211>  496 
<212>  PRT 
<213>  adeno-associated virus 
 
<400>  2 
 
Met Glu Arg Arg Asn Pro Ser Glu Arg Gly Val Pro Ala Gly Phe Ser  
1               5                   10                  15       
 
 
Gly His Ala Ser Val Glu Ser Gly Cys Glu Thr Gln Glu Ser Pro Ala  
            20                  25                  30           
 
 
Thr Val Val Phe Arg Pro Pro Gly Asp Asn Thr Asp Gly Gly Ala Ala  
        35                  40                  45               
 
 
Ala Ala Ala Gly Gly Ser Gln Ala Ala Ala Ala Gly Ala Glu Pro Met  
    50                  55                  60                   
 
 
Glu Pro Glu Ser Arg Pro Gly Pro Ser Gly Met Asn Val Val Gln Val  
65                  70                  75                  80   
 
 
Ala Glu Leu Tyr Pro Glu Leu Arg Arg Ile Leu Thr Ile Thr Glu Asp  



                85                  90                  95       
 
 
Gly Gln Gly Leu Lys Gly Val Lys Arg Glu Arg Gly Ala Cys Glu Ala  
            100                 105                 110          
 
 
Thr Glu Glu Ala Arg Asn Leu Ala Phe Ser Leu Met Thr Arg His Arg  
        115                 120                 125              
 
 
Pro Glu Cys Ile Thr Phe Gln Gln Ile Lys Asp Asn Cys Ala Asn Glu  
    130                 135                 140                  
 
 
Leu Asp Leu Leu Ala Gln Lys Tyr Ser Ile Glu Gln Leu Thr Thr Tyr  
145                 150                 155                 160  
 
 
Trp Leu Gln Pro Gly Asp Asp Phe Glu Glu Ala Ile Arg Val Tyr Ala  
                165                 170                 175      
 
 
Lys Val Ala Leu Arg Pro Asp Cys Lys Tyr Lys Ile Ser Lys Leu Val  
            180                 185                 190          
 
 
Asn Ile Arg Asn Cys Cys Tyr Ile Ser Gly Asn Gly Ala Glu Val Glu  
        195                 200                 205              
 
 
Ile Asp Thr Glu Asp Arg Val Ala Phe Arg Cys Ser Met Ile Asn Met  
    210                 215                 220                  
 
 
Trp Pro Gly Val Leu Gly Met Asp Gly Val Val Ile Met Asn Val Arg  
225                 230                 235                 240  
 
 
Phe Thr Gly Pro Asn Phe Ser Gly Thr Val Phe Leu Ala Asn Thr Asn  
                245                 250                 255      
 
 
Leu Ile Leu His Gly Val Ser Phe Tyr Gly Phe Asn Asn Thr Cys Val  



            260                 265                 270          
 
 
Glu Ala Trp Thr Asp Val Arg Val Arg Gly Cys Ala Phe Tyr Cys Cys  
        275                 280                 285              
 
 
Trp Lys Gly Val Val Cys Arg Pro Lys Ser Arg Ala Ser Ile Lys Lys  
    290                 295                 300                  
 
 
Cys Leu Phe Glu Arg Cys Thr Leu Gly Ile Leu Ser Glu Gly Asn Ser  
305                 310                 315                 320  
 
 
Arg Val Arg His Asn Val Ala Ser Asp Cys Gly Cys Phe Met Leu Val  
                325                 330                 335      
 
 
Lys Ser Val Ala Val Ile Lys His Asn Met Val Cys Gly Asn Cys Glu  
            340                 345                 350          
 
 
Asp Arg Ala Ser Gln Met Leu Thr Cys Ser Asp Gly Asn Cys His Leu  
        355                 360                 365              
 
 
Leu Lys Thr Ile Ala Val Ala Ser His Ser Arg Lys Ala Trp Pro Val  
    370                 375                 380                  
 
 
Phe Glu His Asn Ile Leu Thr Arg Cys Ser Leu His Leu Gly Asn Arg  
385                 390                 395                 400  
 
 
Arg Gly Val Phe Leu Pro Tyr Gln Cys Asn Leu Ser His Thr Lys Ile  
                405                 410                 415      
 
 
Leu Leu Glu Pro Glu Ser Met Ser Lys Val Asn Leu Asn Gly Val Phe  
            420                 425                 430          
 
 
Asp Met Thr Met Lys Ile Trp Lys Val Leu Arg Tyr Asp Glu Thr Arg  



        435                 440                 445              
 
 
Thr Arg Cys Arg Pro Cys Glu Cys Gly Gly Lys His Ile Arg Asn Gln  
    450                 455                 460                  
 
 
Pro Val Met Leu Asp Val Thr Glu Glu Leu Arg Pro Asp His Leu Val  
465                 470                 475                 480  
 
 
Leu Ala Cys Thr Arg Ala Glu Phe Gly Ser Ser Asp Glu Asp Thr Asp  
                485                 490                 495      
 
 
<210>  3 
<211>  294 
<212>  PRT 
<213>  adeno-associated virus 
 
<400>  3 
 
Met Thr Thr Ser Gly Val Pro Phe Gly Met Thr Leu Arg Pro Thr Arg  
1               5                   10                  15       
 
 
Ser Arg Leu Ser Arg Arg Thr Pro Tyr Ser Arg Asp Arg Leu Pro Pro  
            20                  25                  30           
 
 
Phe Glu Thr Glu Thr Arg Ala Thr Ile Leu Glu Asp His Pro Leu Leu  
        35                  40                  45               
 
 
Pro Glu Cys Asn Thr Leu Thr Met His Asn Val Ser Tyr Val Arg Gly  
    50                  55                  60                   
 
 
Leu Pro Cys Ser Val Gly Phe Thr Leu Ile Gln Glu Trp Val Val Pro  
65                  70                  75                  80   
 
 
Trp Asp Met Val Leu Thr Arg Glu Glu Leu Val Ile Leu Arg Lys Cys  
                85                  90                  95       



 
 
Met His Val Cys Leu Cys Cys Ala Asn Ile Asp Ile Met Thr Ser Met  
            100                 105                 110          
 
 
Met Ile His Gly Tyr Glu Ser Trp Ala Leu His Cys His Cys Ser Ser  
        115                 120                 125              
 
 
Pro Gly Ser Leu Gln Cys Ile Ala Gly Gly Gln Val Leu Ala Ser Trp  
    130                 135                 140                  
 
 
Phe Arg Met Val Val Asp Gly Ala Met Phe Asn Gln Arg Phe Ile Trp  
145                 150                 155                 160  
 
 
Tyr Arg Glu Val Val Asn Tyr Asn Met Pro Lys Glu Val Met Phe Met  
                165                 170                 175      
 
 
Ser Ser Val Phe Met Arg Gly Arg His Leu Ile Tyr Leu Arg Leu Trp  
            180                 185                 190          
 
 
Tyr Asp Gly His Val Gly Ser Val Val Pro Ala Met Ser Phe Gly Tyr  
        195                 200                 205              
 
 
Ser Ala Leu His Cys Gly Ile Leu Asn Asn Ile Val Val Leu Cys Cys  
    210                 215                 220                  
 
 
Ser Tyr Cys Ala Asp Leu Ser Glu Ile Arg Val Arg Cys Cys Ala Arg  
225                 230                 235                 240  
 
 
Arg Thr Arg Arg Leu Met Leu Arg Ala Val Arg Ile Ile Ala Glu Glu  
                245                 250                 255      
 
 
Thr Thr Ala Met Leu Tyr Ser Cys Arg Thr Glu Arg Arg Arg Gln Gln  
            260                 265                 270          



 
 
Phe Ile Arg Ala Leu Leu Gln His His Arg Pro Ile Leu Met His Asp  
        275                 280                 285              
 
 
Tyr Asp Ser Thr Pro Met  
    290                  
 
 
<210>  4 
<211>  500 
<212>  PRT 
<213>  adeno-associated virus 
 
<400>  4 
 
Met Glu Arg Arg Asn Pro Ser Glu Arg Gly Val Pro Ala Gly Phe Ser  
1               5                   10                  15       
 
 
Gly His Ala Ser Val Glu Ser Gly Cys Glu Thr Gln Glu Ser Pro Ala  
            20                  25                  30           
 
 
Thr Val Val Phe Arg Pro Pro Gly Asp Asn Thr Asp Gly Gly Ala Ala  
        35                  40                  45               
 
 
Ala Ala Ala Gly Gly Ser Gln Ala Ala Ala Ala Gly Ala Glu Pro Met  
    50                  55                  60                   
 
 
Glu Pro Glu Ser Arg Pro Gly Pro Ser Gly Met Asn Val Val Gln Val  
65                  70                  75                  80   
 
 
Ala Glu Leu Tyr Pro Glu Leu Arg Arg Ile Leu Thr Ile Thr Glu Asp  
                85                  90                  95       
 
 
Gly Gln Gly Leu Lys Gly Val Lys Arg Glu Arg Gly Ala Cys Glu Ala  
            100                 105                 110          
 



 
Thr Glu Glu Ala Arg Asn Leu Ala Phe Ser Leu Met Thr Arg His Arg  
        115                 120                 125              
 
 
Pro Glu Cys Ile Thr Phe Gln Gln Ile Lys Asp Asn Cys Ala Asn Glu  
    130                 135                 140                  
 
 
Leu Asp Leu Leu Ala Gln Lys Tyr Ser Ile Glu Gln Leu Thr Thr Tyr  
145                 150                 155                 160  
 
 
Trp Leu Gln Pro Gly Asp Asp Phe Glu Glu Ala Ile Arg Val Tyr Ala  
                165                 170                 175      
 
 
Lys Val Ala Leu Arg Pro Asp Cys Lys Tyr Lys Ile Ser Lys Leu Val  
            180                 185                 190          
 
 
Asn Ile Arg Asn Cys Cys Tyr Ile Ser Gly Asn Gly Ala Glu Val Glu  
        195                 200                 205              
 
 
Ile Asp Thr Glu Asp Arg Val Ala Phe Arg Cys Ser Met Ile Asn Met  
    210                 215                 220                  
 
 
Trp Pro Gly Val Leu Gly Met Asp Gly Val Val Ile Met Asn Val Arg  
225                 230                 235                 240  
 
 
Phe Thr Gly Pro Asn Phe Ser Gly Thr Val Phe Leu Ala Asn Thr Asn  
                245                 250                 255      
 
 
Leu Ile Leu His Gly Val Ser Phe Tyr Gly Phe Asn Asn Thr Cys Val  
            260                 265                 270          
 
 
Glu Ala Trp Thr Asp Val Arg Val Arg Gly Cys Ala Phe Tyr Cys Cys  
        275                 280                 285              
 



 
Trp Lys Gly Val Val Cys Arg Pro Lys Ser Arg Ala Ser Ile Lys Lys  
    290                 295                 300                  
 
 
Cys Leu Phe Glu Arg Cys Thr Leu Gly Ile Leu Ser Glu Gly Asn Ser  
305                 310                 315                 320  
 
 
Arg Val Arg His Asn Val Ala Ser Asp Cys Gly Cys Phe Met Leu Val  
                325                 330                 335      
 
 
Lys Ser Val Ala Val Ile Lys His Asn Met Val Cys Gly Asn Cys Glu  
            340                 345                 350          
 
 
Asp Arg Ala Gly Ile Pro Ala Ser Gln Met Leu Thr Cys Ser Asp Gly  
        355                 360                 365              
 
 
Asn Cys His Leu Leu Lys Thr Ile His Val Ala Ser His Ser Arg Lys  
    370                 375                 380                  
 
 
Ala Trp Pro Val Phe Glu His Asn Ile Leu Thr Arg Cys Ser Leu His  
385                 390                 395                 400  
 
 
Leu Gly Asn Arg Arg Gly Val Phe Leu Pro Tyr Gln Cys Asn Leu Ser  
                405                 410                 415      
 
 
His Thr Lys Ile Leu Leu Glu Pro Glu Ser Met Ser Lys Val Asn Leu  
            420                 425                 430          
 
 
Asn Gly Val Phe Asp Met Thr Met Lys Ile Trp Lys Val Leu Arg Tyr  
        435                 440                 445              
 
 
Asp Glu Thr Arg Thr Arg Cys Arg Pro Cys Glu Cys Gly Gly Lys His  
    450                 455                 460                  
 



 
Ile Arg Asn Gln Pro Val Met Leu Asp Val Thr Glu Glu Leu Arg Pro  
465                 470                 475                 480  
 
 
Asp His Leu Val Leu Ala Cys Thr Arg Ala Glu Phe Gly Ser Ser Asp  
                485                 490                 495      
 
 
Glu Asp Thr Asp  
            500  
 
 
<210>  5 
<211>  18 
<212>  DNA 
<213>  Artificial 
 
<220> 
<223>  Synthetic 
 
<400>  5 
tcaagagcaa cagtgctg                                                     18 
 
 
<210>  6 
<211>  1368 
<212>  PRT 
<213>  Streptococcus pyogenes 
 
<400>  6 
 
Met Asp Lys Lys Tyr Ser Ile Gly Leu Ala Ile Gly Thr Asn Ser Val  
1               5                   10                  15       
 
 
Gly Trp Ala Val Ile Thr Asp Glu Tyr Lys Val Pro Ser Lys Lys Phe  
            20                  25                  30           
 
 
Lys Val Leu Gly Asn Thr Asp Arg His Ser Ile Lys Lys Asn Leu Ile  
        35                  40                  45               
 
 



Gly Ala Leu Leu Phe Asp Ser Gly Glu Thr Ala Glu Ala Thr Arg Leu  
    50                  55                  60                   
 
 
Lys Arg Thr Ala Arg Arg Arg Tyr Thr Arg Arg Lys Asn Arg Ile Cys  
65                  70                  75                  80   
 
 
Tyr Leu Gln Glu Ile Phe Ser Asn Glu Met Ala Lys Val Asp Asp Ser  
                85                  90                  95       
 
 
Phe Phe His Arg Leu Glu Glu Ser Phe Leu Val Glu Glu Asp Lys Lys  
            100                 105                 110          
 
 
His Glu Arg His Pro Ile Phe Gly Asn Ile Val Asp Glu Val Ala Tyr  
        115                 120                 125              
 
 
His Glu Lys Tyr Pro Thr Ile Tyr His Leu Arg Lys Lys Leu Val Asp  
    130                 135                 140                  
 
 
Ser Thr Asp Lys Ala Asp Leu Arg Leu Ile Tyr Leu Ala Leu Ala His  
145                 150                 155                 160  
 
 
Met Ile Lys Phe Arg Gly His Phe Leu Ile Glu Gly Asp Leu Asn Pro  
                165                 170                 175      
 
 
Asp Asn Ser Asp Val Asp Lys Leu Phe Ile Gln Leu Val Gln Thr Tyr  
            180                 185                 190          
 
 
Asn Gln Leu Phe Glu Glu Asn Pro Ile Asn Ala Ser Gly Val Asp Ala  
        195                 200                 205              
 
 
Lys Ala Ile Leu Ser Ala Arg Leu Ser Lys Ser Arg Arg Leu Glu Asn  
    210                 215                 220                  
 
 



Leu Ile Ala Gln Leu Pro Gly Glu Lys Lys Asn Gly Leu Phe Gly Asn  
225                 230                 235                 240  
 
 
Leu Ile Ala Leu Ser Leu Gly Leu Thr Pro Asn Phe Lys Ser Asn Phe  
                245                 250                 255      
 
 
Asp Leu Ala Glu Asp Ala Lys Leu Gln Leu Ser Lys Asp Thr Tyr Asp  
            260                 265                 270          
 
 
Asp Asp Leu Asp Asn Leu Leu Ala Gln Ile Gly Asp Gln Tyr Ala Asp  
        275                 280                 285              
 
 
Leu Phe Leu Ala Ala Lys Asn Leu Ser Asp Ala Ile Leu Leu Ser Asp  
    290                 295                 300                  
 
 
Ile Leu Arg Val Asn Thr Glu Ile Thr Lys Ala Pro Leu Ser Ala Ser  
305                 310                 315                 320  
 
 
Met Ile Lys Arg Tyr Asp Glu His His Gln Asp Leu Thr Leu Leu Lys  
                325                 330                 335      
 
 
Ala Leu Val Arg Gln Gln Leu Pro Glu Lys Tyr Lys Glu Ile Phe Phe  
            340                 345                 350          
 
 
Asp Gln Ser Lys Asn Gly Tyr Ala Gly Tyr Ile Asp Gly Gly Ala Ser  
        355                 360                 365              
 
 
Gln Glu Glu Phe Tyr Lys Phe Ile Lys Pro Ile Leu Glu Lys Met Asp  
    370                 375                 380                  
 
 
Gly Thr Glu Glu Leu Leu Val Lys Leu Asn Arg Glu Asp Leu Leu Arg  
385                 390                 395                 400  
 
 



Lys Gln Arg Thr Phe Asp Asn Gly Ser Ile Pro His Gln Ile His Leu  
                405                 410                 415      
 
 
Gly Glu Leu His Ala Ile Leu Arg Arg Gln Glu Asp Phe Tyr Pro Phe  
            420                 425                 430          
 
 
Leu Lys Asp Asn Arg Glu Lys Ile Glu Lys Ile Leu Thr Phe Arg Ile  
        435                 440                 445              
 
 
Pro Tyr Tyr Val Gly Pro Leu Ala Arg Gly Asn Ser Arg Phe Ala Trp  
    450                 455                 460                  
 
 
Met Thr Arg Lys Ser Glu Glu Thr Ile Thr Pro Trp Asn Phe Glu Glu  
465                 470                 475                 480  
 
 
Val Val Asp Lys Gly Ala Ser Ala Gln Ser Phe Ile Glu Arg Met Thr  
                485                 490                 495      
 
 
Asn Phe Asp Lys Asn Leu Pro Asn Glu Lys Val Leu Pro Lys His Ser  
            500                 505                 510          
 
 
Leu Leu Tyr Glu Tyr Phe Thr Val Tyr Asn Glu Leu Thr Lys Val Lys  
        515                 520                 525              
 
 
Tyr Val Thr Glu Gly Met Arg Lys Pro Ala Phe Leu Ser Gly Glu Gln  
    530                 535                 540                  
 
 
Lys Lys Ala Ile Val Asp Leu Leu Phe Lys Thr Asn Arg Lys Val Thr  
545                 550                 555                 560  
 
 
Val Lys Gln Leu Lys Glu Asp Tyr Phe Lys Lys Ile Glu Cys Phe Asp  
                565                 570                 575      
 
 



Ser Val Glu Ile Ser Gly Val Glu Asp Arg Phe Asn Ala Ser Leu Gly  
            580                 585                 590          
 
 
Thr Tyr His Asp Leu Leu Lys Ile Ile Lys Asp Lys Asp Phe Leu Asp  
        595                 600                 605              
 
 
Asn Glu Glu Asn Glu Asp Ile Leu Glu Asp Ile Val Leu Thr Leu Thr  
    610                 615                 620                  
 
 
Leu Phe Glu Asp Arg Glu Met Ile Glu Glu Arg Leu Lys Thr Tyr Ala  
625                 630                 635                 640  
 
 
His Leu Phe Asp Asp Lys Val Met Lys Gln Leu Lys Arg Arg Arg Tyr  
                645                 650                 655      
 
 
Thr Gly Trp Gly Arg Leu Ser Arg Lys Leu Ile Asn Gly Ile Arg Asp  
            660                 665                 670          
 
 
Lys Gln Ser Gly Lys Thr Ile Leu Asp Phe Leu Lys Ser Asp Gly Phe  
        675                 680                 685              
 
 
Ala Asn Arg Asn Phe Met Gln Leu Ile His Asp Asp Ser Leu Thr Phe  
    690                 695                 700                  
 
 
Lys Glu Asp Ile Gln Lys Ala Gln Val Ser Gly Gln Gly Asp Ser Leu  
705                 710                 715                 720  
 
 
His Glu His Ile Ala Asn Leu Ala Gly Ser Pro Ala Ile Lys Lys Gly  
                725                 730                 735      
 
 
Ile Leu Gln Thr Val Lys Val Val Asp Glu Leu Val Lys Val Met Gly  
            740                 745                 750          
 
 



Arg His Lys Pro Glu Asn Ile Val Ile Glu Met Ala Arg Glu Asn Gln  
        755                 760                 765              
 
 
Thr Thr Gln Lys Gly Gln Lys Asn Ser Arg Glu Arg Met Lys Arg Ile  
    770                 775                 780                  
 
 
Glu Glu Gly Ile Lys Glu Leu Gly Ser Gln Ile Leu Lys Glu His Pro  
785                 790                 795                 800  
 
 
Val Glu Asn Thr Gln Leu Gln Asn Glu Lys Leu Tyr Leu Tyr Tyr Leu  
                805                 810                 815      
 
 
Gln Asn Gly Arg Asp Met Tyr Val Asp Gln Glu Leu Asp Ile Asn Arg  
            820                 825                 830          
 
 
Leu Ser Asp Tyr Asp Val Asp Ala Ile Val Pro Gln Ser Phe Leu Lys  
        835                 840                 845              
 
 
Asp Asp Ser Ile Asp Asn Lys Val Leu Thr Arg Ser Asp Lys Asn Arg  
    850                 855                 860                  
 
 
Gly Lys Ser Asp Asn Val Pro Ser Glu Glu Val Val Lys Lys Met Lys  
865                 870                 875                 880  
 
 
Asn Tyr Trp Arg Gln Leu Leu Asn Ala Lys Leu Ile Thr Gln Arg Lys  
                885                 890                 895      
 
 
Phe Asp Asn Leu Thr Lys Ala Glu Arg Gly Gly Leu Ser Glu Leu Asp  
            900                 905                 910          
 
 
Lys Ala Gly Phe Ile Lys Arg Gln Leu Val Glu Thr Arg Gln Ile Thr  
        915                 920                 925              
 
 



Lys His Val Ala Gln Ile Leu Asp Ser Arg Met Asn Thr Lys Tyr Asp  
    930                 935                 940                  
 
 
Glu Asn Asp Lys Leu Ile Arg Glu Val Lys Val Ile Thr Leu Lys Ser  
945                 950                 955                 960  
 
 
Lys Leu Val Ser Asp Phe Arg Lys Asp Phe Gln Phe Tyr Lys Val Arg  
                965                 970                 975      
 
 
Glu Ile Asn Asn Tyr His His Ala His Asp Ala Tyr Leu Asn Ala Val  
            980                 985                 990          
 
 
Val Gly Thr Ala Leu Ile Lys Lys  Tyr Pro Lys Leu Glu  Ser Glu Phe  
        995                 1000                 1005              
 
 
Val Tyr  Gly Asp Tyr Lys Val  Tyr Asp Val Arg Lys  Met Ile Ala  
    1010                 1015                 1020              
 
 
Lys Ser  Glu Gln Glu Ile Gly  Lys Ala Thr Ala Lys  Tyr Phe Phe  
    1025                 1030                 1035              
 
 
Tyr Ser  Asn Ile Met Asn Phe  Phe Lys Thr Glu Ile  Thr Leu Ala  
    1040                 1045                 1050              
 
 
Asn Gly  Glu Ile Arg Lys Arg  Pro Leu Ile Glu Thr  Asn Gly Glu  
    1055                 1060                 1065              
 
 
Thr Gly  Glu Ile Val Trp Asp  Lys Gly Arg Asp Phe  Ala Thr Val  
    1070                 1075                 1080              
 
 
Arg Lys  Val Leu Ser Met Pro  Gln Val Asn Ile Val  Lys Lys Thr  
    1085                 1090                 1095              
 
 



Glu Val  Gln Thr Gly Gly Phe  Ser Lys Glu Ser Ile  Leu Pro Lys  
    1100                 1105                 1110              
 
 
Arg Asn  Ser Asp Lys Leu Ile  Ala Arg Lys Lys Asp  Trp Asp Pro  
    1115                 1120                 1125              
 
 
Lys Lys  Tyr Gly Gly Phe Asp  Ser Pro Thr Val Ala  Tyr Ser Val  
    1130                 1135                 1140              
 
 
Leu Val  Val Ala Lys Val Glu  Lys Gly Lys Ser Lys  Lys Leu Lys  
    1145                 1150                 1155              
 
 
Ser Val  Lys Glu Leu Leu Gly  Ile Thr Ile Met Glu  Arg Ser Ser  
    1160                 1165                 1170              
 
 
Phe Glu  Lys Asn Pro Ile Asp  Phe Leu Glu Ala Lys  Gly Tyr Lys  
    1175                 1180                 1185              
 
 
Glu Val  Lys Lys Asp Leu Ile  Ile Lys Leu Pro Lys  Tyr Ser Leu  
    1190                 1195                 1200              
 
 
Phe Glu  Leu Glu Asn Gly Arg  Lys Arg Met Leu Ala  Ser Ala Gly  
    1205                 1210                 1215              
 
 
Glu Leu  Gln Lys Gly Asn Glu  Leu Ala Leu Pro Ser  Lys Tyr Val  
    1220                 1225                 1230              
 
 
Asn Phe  Leu Tyr Leu Ala Ser  His Tyr Glu Lys Leu  Lys Gly Ser  
    1235                 1240                 1245              
 
 
Pro Glu  Asp Asn Glu Gln Lys  Gln Leu Phe Val Glu  Gln His Lys  
    1250                 1255                 1260              
 
 



His Tyr  Leu Asp Glu Ile Ile  Glu Gln Ile Ser Glu  Phe Ser Lys  
    1265                 1270                 1275              
 
 
Arg Val  Ile Leu Ala Asp Ala  Asn Leu Asp Lys Val  Leu Ser Ala  
    1280                 1285                 1290              
 
 
Tyr Asn  Lys His Arg Asp Lys  Pro Ile Arg Glu Gln  Ala Glu Asn  
    1295                 1300                 1305              
 
 
Ile Ile  His Leu Phe Thr Leu  Thr Asn Leu Gly Ala  Pro Ala Ala  
    1310                 1315                 1320              
 
 
Phe Lys  Tyr Phe Asp Thr Thr  Ile Asp Arg Lys Arg  Tyr Thr Ser  
    1325                 1330                 1335              
 
 
Thr Lys  Glu Val Leu Asp Ala  Thr Leu Ile His Gln  Ser Ile Thr  
    1340                 1345                 1350              
 
 
Gly Leu  Tyr Glu Thr Arg Ile  Asp Leu Ser Gln Leu  Gly Gly Asp  
    1355                 1360                 1365              
 
 
<210>  7 
<211>  4107 
<212>  DNA 
<213>  Streptococcus pyogenes 
 
<400>  7 
atggataaga aatactcaat aggcttagat atcggcacaa atagcgtcgg atgggcggtg       60 
 
atcactgatg aatataaggt tccgtctaaa aagttcaagg ttctgggaaa tacagaccgc      120 
 
cacagtatca aaaaaaatct tataggggct cttttatttg acagtggaga gacagcggaa      180 
 
gcgactcgtc tcaaacggac agctcgtaga aggtatacac gtcggaagaa tcgtatttgt      240 
 
tatctacagg agattttttc aaatgagatg gcgaaagtag atgatagttt ctttcatcga      300 
 



cttgaagagt cttttttggt ggaagaagac aagaagcatg aacgtcatcc tatttttgga      360 
 
aatatagtag atgaagttgc ttatcatgag aaatatccaa ctatctatca tctgcgaaaa      420 
 
aaattggtag attctactga taaagcggat ttgcgcttaa tctatttggc cttagcgcat      480 
 
atgattaagt ttcgtggtca ttttttgatt gagggagatt taaatcctga taatagtgat      540 
 
gtggacaaac tatttatcca gttggtacaa acctacaatc aattatttga agaaaaccct      600 
 
attaacgcaa gtggagtaga tgctaaagcg attctttctg cacgattgag taaatcaaga      660 
 
cgattagaaa atctcattgc tcagctcccc ggtgagaaga aaaatggctt atttgggaat      720 
 
ctcattgctt tgtcattggg tttgacccct aattttaaat caaattttga tttggcagaa      780 
 
gatgctaaat tacagctttc aaaagatact tacgatgatg atttagataa tttattggcg      840 
 
caaattggag atcaatatgc tgatttgttt ttggcagcta agaatttatc agatgctatt      900 
 
ttactttcag atatcctaag agtaaatact gaaataacta aggctcccct atcagcttca      960 
 
atgattaaac gctacgatga acatcatcaa gacttgactc ttttaaaagc tttagttcga     1020 
 
caacaacttc cagaaaagta taaagaaatc ttttttgatc aatcaaaaaa cggatatgca     1080 
 
ggttatattg atgggggagc tagccaagaa gaattttata aatttatcaa accaatttta     1140 
 
gaaaaaatgg atggtactga ggaattattg gtgaaactaa atcgtgaaga tttgctgcgc     1200 
 
aagcaacgga cctttgacaa cggctctatt ccccatcaaa ttcacttggg tgagctgcat     1260 
 
gctattttga gaagacaaga agacttttat ccatttttaa aagacaatcg tgagaagatt     1320 
 
gaaaaaatct tgacttttcg aattccttat tatgttggtc cattggcgcg tggcaatagt     1380 
 
cgttttgcat ggatgactcg gaagtctgaa gaaacaatta ccccatggaa ttttgaagaa     1440 
 
gttgtcgata aaggtgcttc agctcaatca tttattgaac gcatgacaaa ctttgataaa     1500 
 
aatcttccaa atgaaaaagt actaccaaaa catagtttgc tttatgagta ttttacggtt     1560 
 
tataacgaat tgacaaaggt caaatatgtt actgaaggaa tgcgaaaacc agcatttctt     1620 
 



tcaggtgaac agaagaaagc cattgttgat ttactcttca aaacaaatcg aaaagtaacc     1680 
 
gttaagcaat taaaagaaga ttatttcaaa aaaatagaat gttttgatag tgttgaaatt     1740 
 
tcaggagttg aagatagatt taatgcttca ttaggtacct accatgattt gctaaaaatt     1800 
 
attaaagata aagatttttt ggataatgaa gaaaatgaag atatcttaga ggatattgtt     1860 
 
ttaacattga ccttatttga agatagggag atgattgagg aaagacttaa aacatatgct     1920 
 
cacctctttg atgataaggt gatgaaacag cttaaacgtc gccgttatac tggttgggga     1980 
 
cgtttgtctc gaaaattgat taatggtatt agggataagc aatctggcaa aacaatatta     2040 
 
gattttttga aatcagatgg ttttgccaat cgcaatttta tgcagctgat ccatgatgat     2100 
 
agtttgacat ttaaagaaga cattcaaaaa gcacaagtgt ctggacaagg cgatagttta     2160 
 
catgaacata ttgcaaattt agctggtagc cctgctatta aaaaaggtat tttacagact     2220 
 
gtaaaagttg ttgatgaatt ggtcaaagta atggggcggc ataagccaga aaatatcgtt     2280 
 
attgaaatgg cacgtgaaaa tcagacaact caaaagggcc agaaaaattc gcgagagcgt     2340 
 
atgaaacgaa tcgaagaagg tatcaaagaa ttaggaagtc agattcttaa agagcatcct     2400 
 
gttgaaaata ctcaattgca aaatgaaaag ctctatctct attatctcca aaatggaaga     2460 
 
gacatgtatg tggaccaaga attagatatt aatcgtttaa gtgattatga tgtcgatcac     2520 
 
attgttccac aaagtttcct taaagacgat tcaatagaca ataaggtctt aacgcgttct     2580 
 
gataaaaatc gtggtaaatc ggataacgtt ccaagtgaag aagtagtcaa aaagatgaaa     2640 
 
aactattgga gacaacttct aaacgccaag ttaatcactc aacgtaagtt tgataattta     2700 
 
acgaaagctg aacgtggagg tttgagtgaa cttgataaag ctggttttat caaacgccaa     2760 
 
ttggttgaaa ctcgccaaat cactaagcat gtggcacaaa ttttggatag tcgcatgaat     2820 
 
actaaatacg atgaaaatga taaacttatt cgagaggtta aagtgattac cttaaaatct     2880 
 
aaattagttt ctgacttccg aaaagatttc caattctata aagtacgtga gattaacaat     2940 
 



taccatcatg cccatgatgc gtatctaaat gccgtcgttg gaactgcttt gattaagaaa     3000 
 
tatccaaaac ttgaatcgga gtttgtctat ggtgattata aagtttatga tgttcgtaaa     3060 
 
atgattgcta agtctgagca agaaataggc aaagcaaccg caaaatattt cttttactct     3120 
 
aatatcatga acttcttcaa aacagaaatt acacttgcaa atggagagat tcgcaaacgc     3180 
 
cctctaatcg aaactaatgg ggaaactgga gaaattgtct gggataaagg gcgagatttt     3240 
 
gccacagtgc gcaaagtatt gtccatgccc caagtcaata ttgtcaagaa aacagaagta     3300 
 
cagacaggcg gattctccaa ggagtcaatt ttaccaaaaa gaaattcgga caagcttatt     3360 
 
gctcgtaaaa aagactggga tccaaaaaaa tatggtggtt ttgatagtcc aacggtagct     3420 
 
tattcagtcc tagtggttgc taaggtggaa aaagggaaat cgaagaagtt aaaatccgtt     3480 
 
aaagagttac tagggatcac aattatggaa agaagttcct ttgaaaaaaa tccgattgac     3540 
 
tttttagaag ctaaaggata taaggaagtt aaaaaagact taatcattaa actacctaaa     3600 
 
tatagtcttt ttgagttaga aaacggtcgt aaacggatgc tggctagtgc cggagaatta     3660 
 
caaaaaggaa atgagctggc tctgccaagc aaatatgtga attttttata tttagctagt     3720 
 
cattatgaaa agttgaaggg tagtccagaa gataacgaac aaaaacaatt gtttgtggag     3780 
 
cagcataagc attatttaga tgagattatt gagcaaatca gtgaattttc taagcgtgtt     3840 
 
attttagcag atgccaattt agataaagtt cttagtgcat ataacaaaca tagagacaaa     3900 
 
ccaatacgtg aacaagcaga aaatattatt catttattta cgttgacgaa tcttggagct     3960 
 
cccgctgctt ttaaatattt tgatacaaca attgatcgta aacgatatac gtctacaaaa     4020 
 
gaagttttag atgccactct tatccatcaa tccatcactg gtctttatga aacacgcatt     4080 
 
gatttgagtc agctaggagg tgactga                                         4107 
 
 
<210>  8 
<211>  4107 
<212>  DNA 



<213>  Streptococcus pyogenes 
 
<400>  8 
atggacaaga agtactccat tgggctcgct atcggcacaa acagcgtcgg ctgggccgtc       60 
 
attacggacg agtacaaggt gccgagcaaa aaattcaaag ttctgggcaa taccgatcgc      120 
 
cacagcataa agaagaacct cattggcgcc ctcctgttcg actccgggga gacggccgaa      180 
 
gccacgcggc tcaaaagaac agcacggcgc agatataccc gcagaaagaa tcggatctgc      240 
 
tacctgcagg agatctttag taatgagatg gctaaggtgg atgactcttt cttccatagg      300 
 
ctggaggagt cctttttggt ggaggaggat aaaaagcacg agcgccaccc aatctttggc      360 
 
aatatcgtgg acgaggtggc gtaccatgaa aagtacccaa ccatatatca tctgaggaag      420 
 
aagcttgtag acagtactga taaggctgac ttgcggttga tctatctcgc gctggcgcat      480 
 
atgatcaaat ttcggggaca cttcctcatc gagggggacc tgaacccaga caacagcgat      540 
 
gtcgacaaac tctttatcca actggttcag acttacaatc agcttttcga agagaacccg      600 
 
atcaacgcat ccggagttga cgccaaagca atcctgagcg ctaggctgtc caaatcccgg      660 
 
cggctcgaaa acctcatcgc acagctccct ggggagaaga agaacggcct gtttggtaat      720 
 
cttatcgccc tgtcactcgg gctgaccccc aactttaaat ctaacttcga cctggccgaa      780 
 
gatgccaagc ttcaactgag caaagacacc tacgatgatg atctcgacaa tctgctggcc      840 
 
cagatcggcg accagtacgc agaccttttt ttggcggcaa agaacctgtc agacgccatt      900 
 
ctgctgagtg atattctgcg agtgaacacg gagatcacca aagctccgct gagcgctagt      960 
 
atgatcaagc gctatgatga gcaccaccaa gacttgactt tgctgaaggc ccttgtcaga     1020 
 
cagcaactgc ctgagaagta caaggaaatt ttcttcgatc agtctaaaaa tggctacgcc     1080 
 
ggatacattg acggcggagc aagccaggag gaattttaca aatttattaa gcccatcttg     1140 
 
gaaaaaatgg acggcaccga ggagctgctg gtaaagctta acagagaaga tctgttgcgc     1200 
 
aaacagcgca ctttcgacaa tggaagcatc ccccaccaga ttcacctggg cgaactgcac     1260 



 
gctatcctca ggcggcaaga ggatttctac ccctttttga aagataacag ggaaaagatt     1320 
 
gagaaaatcc tcacatttcg gataccctac tatgtaggcc ccctcgcccg gggaaattcc     1380 
 
agattcgcgt ggatgactcg caaatcagaa gagaccatca ctccctggaa cttcgaggaa     1440 
 
gtcgtggata agggggcctc tgcccagtcc ttcatcgaaa ggatgactaa ctttgataaa     1500 
 
aatctgccta acgaaaaggt gcttcctaaa cactctctgc tgtacgagta cttcacagtt     1560 
 
tataacgagc tcaccaaggt caaatacgtc acagaaggga tgagaaagcc agcattcctg     1620 
 
tctggagagc agaagaaagc tatcgtggac ctcctcttca agacgaaccg gaaagttacc     1680 
 
gtgaaacagc tcaaagaaga ctatttcaaa aagattgaat gtttcgactc tgttgaaatc     1740 
 
agcggagtgg aggatcgctt caacgcatcc ctgggaacgt atcacgatct cctgaaaatc     1800 
 
attaaagaca aggacttcct ggacaatgag gagaacgagg acattcttga ggacattgtc     1860 
 
ctcaccctta cgttgtttga agatagggag atgattgaag aacgcttgaa aacttacgct     1920 
 
catctcttcg acgacaaagt catgaaacag ctcaagaggc gccgatatac aggatggggg     1980 
 
cggctgtcaa gaaaactgat caatgggatc cgagacaagc agagtggaaa gacaatcctg     2040 
 
gattttctta agtccgatgg atttgccaac cggaacttca tgcagttgat ccatgatgac     2100 
 
tctctcacct ttaaggagga catccagaaa gcacaagttt ctggccaggg ggacagtctt     2160 
 
cacgagcaca tcgctaatct tgcaggtagc ccagctatca aaaagggaat actgcagacc     2220 
 
gttaaggtcg tggatgaact cgtcaaagta atgggaaggc ataagcccga gaatatcgtt     2280 
 
atcgagatgg cccgagagaa ccaaactacc cagaagggac agaagaacag tagggaaagg     2340 
 
atgaagagga ttgaagaggg tataaaagaa ctggggtccc aaatccttaa ggaacaccca     2400 
 
gttgaaaaca cccagcttca gaatgagaag ctctacctgt actacctgca gaacggcagg     2460 
 
gacatgtacg tggatcagga actggacatc aatcggctct ccgactacga cgtggctgct     2520 
 
atcgtgcccc agtcttttct caaagatgat tctattgata ataaagtgtt gacaagatcc     2580 



 
gataaagcta gagggaagag tgataacgtc ccctcagaag aagttgtcaa gaaaatgaaa     2640 
 
aattattggc ggcagctgct gaacgccaaa ctgatcacac aacggaagtt cgataatctg     2700 
 
actaaggctg aacgaggtgg cctgtctgag ttggataaag ccggcttcat caaaaggcag     2760 
 
cttgttgaga cacgccagat caccaagcac gtggcccaaa ttctcgattc acgcatgaac     2820 
 
accaagtacg atgaaaatga caaactgatt cgagaggtga aagttattac tctgaagtct     2880 
 
aagctggtct cagatttcag aaaggacttt cagttttata aggtgagaga gatcaacaat     2940 
 
taccaccatg cgcatgatgc ctacctgaat gcagtggtag gcactgcact tatcaaaaaa     3000 
 
tatcccaagc ttgaatctga atttgtttac ggagactata aagtgtacga tgttaggaaa     3060 
 
atgatcgcaa agtctgagca ggaaataggc aaggccaccg ctaagtactt cttttacagc     3120 
 
aatattatga attttttcaa gaccgagatt acactggcca atggagagat tcggaagcga     3180 
 
ccacttatcg aaacaaacgg agaaacagga gaaatcgtgt gggacaaggg tagggatttc     3240 
 
gcgacagtcc ggaaggtcct gtccatgccg caggtgaaca tcgttaaaaa gaccgaagta     3300 
 
cagaccggag gcttctccaa ggaaagtatc ctcccgaaaa ggaacagcga caagctgatc     3360 
 
gcacgcaaaa aagattggga ccccaagaaa tacggcggat tcgattctcc tacagtcgct     3420 
 
tacagtgtac tggttgtggc caaagtggag aaagggaagt ctaaaaaact caaaagcgtc     3480 
 
aaggaactgc tgggcatcac aatcatggag cgatcaagct tcgaaaaaaa ccccatcgac     3540 
 
tttctcgagg cgaaaggata taaagaggtc aaaaaagacc tcatcattaa gcttcccaag     3600 
 
tactctctct ttgagcttga aaacggccgg aaacgaatgc tcgctagtgc gggcgagctg     3660 
 
cagaaaggta acgagctggc actgccctct aaatacgtta atttcttgta tctggccagc     3720 
 
cactatgaaa agctcaaagg gtctcccgaa gataatgagc agaagcagct gttcgtggaa     3780 
 
caacacaaac actaccttga tgagatcatc gagcaaataa gcgaattctc caaaagagtg     3840 
 
atcctcgccg acgctaacct cgataaggtg ctttctgctt acaataagca cagggataag     3900 



 
cccatcaggg agcaggcaga aaacattatc cacttgttta ctctgaccaa cttgggcgcg     3960 
 
cctgcagcct tcaagtactt cgacaccacc atagacagaa agcggtacac ctctacaaag     4020 
 
gaggtcctgg acgccacact gattcatcag tcaattacgg ggctctatga aacaagaatc     4080 
 
gacctctctc agctcggtgg agactaa                                         4107 
 
 
<210>  9 
<211>  3366 
<212>  DNA 
<213>  Streptococcus thermophilus 
 
<400>  9 
atgagcgacc tggtgctggg cctggacatc ggcatcggca gcgtgggcgt gggcatcctg       60 
 
aacaaggtga ccggcgagat catccacaag aacagtcgca tcttccctgc tgctcaggct      120 
 
gagaacaacc tggtgcgccg caccaaccgc cagggtcgcc ggcttgctcg ccgcaagaag      180 
 
caccggcgcg tgcgcctgaa ccgcctgttc gaggagagcg gcctgatcac cgacttcacc      240 
 
aagatcagca tcaacctgaa cccctaccag ctgcgcgtga agggcctgac cgacgagctg      300 
 
agcaacgagg agctgttcat cgccctgaag aacatggtga agcaccgcgg catcagctac      360 
 
ctggacgacg ccagcgacga cggcaacagc agcgtgggcg actacgccca gatcgtgaag      420 
 
gagaacagca agcagctgga gaccaagacc cccggccaga tccagctgga gcgctaccag      480 
 
acctacggcc agctgcgcgg cgacttcacc gtggagaagg acggcaagaa gcaccgcctg      540 
 
atcaacgtgt tccccaccag cgcctaccgc agcgaggccc tgcgcatcct gcagacccag      600 
 
caggagttca acccccagat caccgacgag ttcatcaacc gctacctgga gatcctgacc      660 
 
ggcaagcgca agtactacca cggccccggc aacgagaaga gccgcaccga ctacggccgc      720 
 
taccgcacca gcggcgagac cctggacaac atcttcggca tcctgatcgg caagtgcacc      780 
 
ttctaccccg acgagttccg cgccgccaag gccagctaca ccgcccagga gttcaacctg      840 
 



ctgaacgacc tgaacaacct gaccgtgccc accgagacca agaagctgag caaggagcag      900 
 
aagaaccaga tcatcaacta cgtgaagaac gagaaggcca tgggccccgc caagctgttc      960 
 
aagtacatcg ccaagctgct gagctgcgac gtggccgaca tcaagggcta ccgcatcgac     1020 
 
aagagcggca aggccgagat ccacaccttc gaggcctacc gcaagatgaa gaccctggag     1080 
 
accctggaca tcgagcagat ggaccgcgag accctggaca agctggccta cgtgctgacc     1140 
 
ctgaacaccg agcgcgaggg catccaggag gccctggagc acgagttcgc cgacggcagc     1200 
 
ttcagccaga agcaggtgga cgagctggtg cagttccgca aggccaacag cagcatcttc     1260 
 
ggcaagggct ggcacaactt cagcgtgaag ctgatgatgg agctgatccc cgagctgtac     1320 
 
gagaccagcg aggagcagat gaccatcctg acccgcctgg gcaagcagaa gaccaccagc     1380 
 
agcagcaaca agaccaagta catcgacgag aagctgctga ccgaggagat ctacaacccc     1440 
 
gtggtggcca agagcgtgcg ccaggccatc aagatcgtga acgccgccat caaggagtac     1500 
 
ggcgacttcg acaacatcgt gatcgagatg gcccgcgaga ccaacgagga cgacgagaag     1560 
 
aaggccatcc agaagatcca gaaggccaac aaggacgaga aggacgccgc catgctgaag     1620 
 
gccgccaacc agtacaacgg caaggccgag ctgccccaca gcgtgttcca cggccacaag     1680 
 
cagctggcca ccaagatccg cctgtggcac cagcagggcg agcgctgcct gtacaccggc     1740 
 
aagaccatca gcatccacga cctgatcaac aacagcaacc agttcgaggt ggaccacatc     1800 
 
ctgcccctga gcatcacctt cgacgacagc ctggccaaca aggtgctggt gtacgccacc     1860 
 
gccaaccagg agaagggcca gcgcaccccc taccaggccc tggacagcat ggacgacgcc     1920 
 
tggagcttcc gcgagctgaa ggccttcgtg cgcgagagca agaccctgag caacaagaag     1980 
 
aaggagtacc tgctgaccga ggaggacatc agcaagttcg acgtgcgcaa gaagttcatc     2040 
 
gagcgcaacc tggtggacac ccgctacgcc agccgcgtgg tgctgaacgc cctgcaggag     2100 
 
cacttccgcg cccacaagat cgacaccaag gtgagcgtgg tgcgcggcca gttcaccagc     2160 
 



cagctgcgcc gccactgggg catcgagaag acccgcgaca cctaccacca ccacgccgtg     2220 
 
gacgccctga tcattgcggc ttctagccag ctgaacctgt ggaagaagca gaagaacacc     2280 
 
ctggtgagct acagcgagga ccagctgctg gacatcgaga ccggcgagct gatcagcgac     2340 
 
gacgagtaca aggagagcgt gttcaaggcc ccctaccagc acttcgtgga caccctgaag     2400 
 
agcaaggagt tcgaggacag catcctgttc agctaccagg tggacagcaa gttcaaccgc     2460 
 
aagatcagcg acgccaccat ctacgccacc cgccaggcca aggtgggcaa ggacaaggcc     2520 
 
gacgagacct acgtgctggg caagatcaag gacatctaca cccaggacgg ctacgacgcc     2580 
 
ttcatgaaga tctacaagaa ggacaagagc aagttcctga tgtaccgcca cgacccccag     2640 
 
accttcgaga aggtgatcga gcccatcctg gagaactacc ccaacaagca gatcaacgat     2700 
 
aaaggcaagg aggtgccctg caaccccttc ctgaagtaca aggaggagca cggctacatc     2760 
 
cgcaagtaca gcaagaaggg caacggcccc gagatcaaga gcctgaagta ctacgacagc     2820 
 
aagctgggca accacatcga catcaccccc aaggacagca acaacaaggt ggtgctgcag     2880 
 
agcgtgagcc cctggcgcgc cgacgtgtac ttcaacaaga ccaccggcaa gtacgagatc     2940 
 
ctgggcctga agtacgccga cctgcagttt gataagggca ccggcaccta caagatcagc     3000 
 
caggagaagt acaacgacat caagaagaag gagggcgtgg acagcgacag cgagttcaag     3060 
 
ttcaccctgt acaagaacga ccttctgctg gtgaaggaca ccgagaccaa ggagcaacag     3120 
 
ctgttccgct tcctgagccg caccatgccc aagcagaagc actacgtgga gctgaagccc     3180 
 
tacgacaagc agaagttcga gggcggcgag gccctgatca aggtgctggg caacgtggcc     3240 
 
aacagcggcc agtgcaagaa gggcctgggc aagagcaaca tcagcatcta caaggtgcgc     3300 
 
accgacgtgc tgggcaacca gcacatcatc aagaacgagg gcgacaagcc caagctggac     3360 
 
ttctaa                                                                3366 
 
 
<210>  10 



<211>  3366 
<212>  DNA 
<213>  Streptococcus thermophilus 
 
<400>  10 
atgagcgacc tggtgctggg cctggccatc ggcatcggca gcgtgggcgt gggcatcctg       60 
 
aacaaggtga ccggcgagat catccacaag aacagtcgca tcttccctgc tgctcaggct      120 
 
gagaacaacc tggtgcgccg caccaaccgc cagggtcgcc ggcttgctcg ccgcaagaag      180 
 
caccggcgcg tgcgcctgaa ccgcctgttc gaggagagcg gcctgatcac cgacttcacc      240 
 
aagatcagca tcaacctgaa cccctaccag ctgcgcgtga agggcctgac cgacgagctg      300 
 
agcaacgagg agctgttcat cgccctgaag aacatggtga agcaccgcgg catcagctac      360 
 
ctggacgacg ccagcgacga cggcaacagc agcgtgggcg actacgccca gatcgtgaag      420 
 
gagaacagca agcagctgga gaccaagacc cccggccaga tccagctgga gcgctaccag      480 
 
acctacggcc agctgcgcgg cgacttcacc gtggagaagg acggcaagaa gcaccgcctg      540 
 
atcaacgtgt tccccaccag cgcctaccgc agcgaggccc tgcgcatcct gcagacccag      600 
 
caggagttca acccccagat caccgacgag ttcatcaacc gctacctgga gatcctgacc      660 
 
ggcaagcgca agtactacca cggccccggc aacgagaaga gccgcaccga ctacggccgc      720 
 
taccgcacca gcggcgagac cctggacaac atcttcggca tcctgatcgg caagtgcacc      780 
 
ttctaccccg acgagttccg cgccgccaag gccagctaca ccgcccagga gttcaacctg      840 
 
ctgaacgacc tgaacaacct gaccgtgccc accgagacca agaagctgag caaggagcag      900 
 
aagaaccaga tcatcaacta cgtgaagaac gagaaggcca tgggccccgc caagctgttc      960 
 
aagtacatcg ccaagctgct gagctgcgac gtggccgaca tcaagggcta ccgcatcgac     1020 
 
aagagcggca aggccgagat ccacaccttc gaggcctacc gcaagatgaa gaccctggag     1080 
 
accctggaca tcgagcagat ggaccgcgag accctggaca agctggccta cgtgctgacc     1140 
 
ctgaacaccg agcgcgaggg catccaggag gccctggagc acgagttcgc cgacggcagc     1200 



 
ttcagccaga agcaggtgga cgagctggtg cagttccgca aggccaacag cagcatcttc     1260 
 
ggcaagggct ggcacaactt cagcgtgaag ctgatgatgg agctgatccc cgagctgtac     1320 
 
gagaccagcg aggagcagat gaccatcctg acccgcctgg gcaagcagaa gaccaccagc     1380 
 
agcagcaaca agaccaagta catcgacgag aagctgctga ccgaggagat ctacaacccc     1440 
 
gtggtggcca agagcgtgcg ccaggccatc aagatcgtga acgccgccat caaggagtac     1500 
 
ggcgacttcg acaacatcgt gatcgagatg gcccgcgaga ccaacgagga cgacgagaag     1560 
 
aaggccatcc agaagatcca gaaggccaac aaggacgaga aggacgccgc catgctgaag     1620 
 
gccgccaacc agtacaacgg caaggccgag ctgccccaca gcgtgttcca cggccacaag     1680 
 
cagctggcca ccaagatccg cctgtggcac cagcagggcg agcgctgcct gtacaccggc     1740 
 
aagaccatca gcatccacga cctgatcaac aacagcaacc agttcgaggt ggctgccatc     1800 
 
ctgcccctga gcatcacctt cgacgacagc ctggccaaca aggtgctggt gtacgccacc     1860 
 
gccgctcagg agaagggcca gcgcaccccc taccaggccc tggacagcat ggacgacgcc     1920 
 
tggagcttcc gcgagctgaa ggccttcgtg cgcgagagca agaccctgag caacaagaag     1980 
 
aaggagtacc tgctgaccga ggaggacatc agcaagttcg acgtgcgcaa gaagttcatc     2040 
 
gagcgcaacc tggtggacac ccgctacgcc agccgcgtgg tgctgaacgc cctgcaggag     2100 
 
cacttccgcg cccacaagat cgacaccaag gtgagcgtgg tgcgcggcca gttcaccagc     2160 
 
cagctgcgcc gccactgggg catcgagaag acccgcgaca cctaccacca ccacgccgtg     2220 
 
gacgccctga tcattgcggc ttctagccag ctgaacctgt ggaagaagca gaagaacacc     2280 
 
ctggtgagct acagcgagga ccagctgctg gacatcgaga ccggcgagct gatcagcgac     2340 
 
gacgagtaca aggagagcgt gttcaaggcc ccctaccagc acttcgtgga caccctgaag     2400 
 
agcaaggagt tcgaggacag catcctgttc agctaccagg tggacagcaa gttcaaccgc     2460 
 
aagatcagcg acgccaccat ctacgccacc cgccaggcca aggtgggcaa ggacaaggcc     2520 



 
gacgagacct acgtgctggg caagatcaag gacatctaca cccaggacgg ctacgacgcc     2580 
 
ttcatgaaga tctacaagaa ggacaagagc aagttcctga tgtaccgcca cgacccccag     2640 
 
accttcgaga aggtgatcga gcccatcctg gagaactacc ccaacaagca gatcaacgat     2700 
 
aaaggcaagg aggtgccctg caaccccttc ctgaagtaca aggaggagca cggctacatc     2760 
 
cgcaagtaca gcaagaaggg caacggcccc gagatcaaga gcctgaagta ctacgacagc     2820 
 
aagctgggca accacatcga catcaccccc aaggacagca acaacaaggt ggtgctgcag     2880 
 
agcgtgagcc cctggcgcgc cgacgtgtac ttcaacaaga ccaccggcaa gtacgagatc     2940 
 
ctgggcctga agtacgccga cctgcagttt gataagggca ccggcaccta caagatcagc     3000 
 
caggagaagt acaacgacat caagaagaag gagggcgtgg acagcgacag cgagttcaag     3060 
 
ttcaccctgt acaagaacga ccttctgctg gtgaaggaca ccgagaccaa ggagcaacag     3120 
 
ctgttccgct tcctgagccg caccatgccc aagcagaagc actacgtgga gctgaagccc     3180 
 
tacgacaagc agaagttcga gggcggcgag gccctgatca aggtgctggg caacgtggcc     3240 
 
aacagcggcc agtgcaagaa gggcctgggc aagagcaaca tcagcatcta caaggtgcgc     3300 
 
accgacgtgc tgggcaacca gcacatcatc aagaacgagg gcgacaagcc caagctggac     3360 
 
ttctaa                                                                3366 
 
 
<210>  11 
<211>  3249 
<212>  DNA 
<213>  Neisseria meningitidis 
 
<400>  11 
atggccgcct tcaagcccaa ccccatcaac tacatcctgg gcctggacat cggcatcgcc       60 
 
agcgtgggct gggccatggt ggagatcgac gaggacgaga accccatctg cctgatcgac      120 
 
ctgggtgtgc gcgtgttcga gcgcgctgag gtgcccaaga ctggtgacag tctggctatg      180 
 



gctcgccggc ttgctcgctc tgttcggcgc cttactcgcc ggcgcgctca ccgccttctg      240 
 
cgcgctcgcc gcctgctgaa gcgcgagggt gtgctgcagg ctgccgactt cgacgagaac      300 
 
ggcctgatca agagcctgcc caacactcct tggcagctgc gcgctgccgc tctggaccgc      360 
 
aagctgactc ctctggagtg gagcgccgtg ctgctgcacc tgatcaagca ccgcggctac      420 
 
ctgagccagc gcaagaacga gggcgagacc gccgacaagg agctgggtgc tctgctgaag      480 
 
ggcgtggccg acaacgccca cgccctgcag actggtgact tccgcactcc tgctgagctg      540 
 
gccctgaaca agttcgagaa ggagagcggc cacatccgca accagcgcgg cgactacagc      600 
 
cacaccttca gccgcaagga cctgcaggcc gagctgatcc tgctgttcga gaagcagaag      660 
 
gagttcggca acccccacgt gagcggcggc ctgaaggagg gcatcgagac cctgctgatg      720 
 
acccagcgcc ccgccctgag cggcgacgcc gtgcagaaga tgctgggcca ctgcaccttc      780 
 
gagccagccg agcccaaggc cgccaagaac acctacaccg ccgagcgctt catctggctg      840 
 
accaagctga acaacctgcg catcctggag cagggcagcg agcgccccct gaccgacacc      900 
 
gagcgcgcca ccctgatgga cgagccctac cgcaagagca agctgaccta cgcccaggcc      960 
 
cgcaagctgc tgggtctgga ggacaccgcc ttcttcaagg gcctgcgcta cggcaaggac     1020 
 
aacgccgagg ccagcaccct gatggagatg aaggcctacc acgccatcag ccgcgccctg     1080 
 
gagaaggagg gcctgaagga caagaagagt cctctgaacc tgagccccga gctgcaggac     1140 
 
gagatcggca ccgccttcag cctgttcaag accgacgagg acatcaccgg ccgcctgaag     1200 
 
gaccgcatcc agcccgagat cctggaggcc ctgctgaagc acatcagctt cgacaagttc     1260 
 
gtgcagatca gcctgaaggc cctgcgccgc atcgtgcccc tgatggagca gggcaagcgc     1320 
 
tacgacgagg cctgcgccga gatctacggc gaccactacg gcaagaagaa caccgaggag     1380 
 
aagatctacc tgcctcctat ccccgccgac gagatccgca accccgtggt gctgcgcgcc     1440 
 
ctgagccagg cccgcaaggt gatcaacggc gtggtgcgcc gctacggcag ccccgcccgc     1500 
 



atccacatcg agaccgcccg cgaggtgggc aagagcttca aggaccgcaa ggagatcgag     1560 
 
aagcgccagg aggagaaccg caaggaccgc gagaaggccg ccgccaagtt ccgcgagtac     1620 
 
ttccccaact tcgtgggcga gcccaagagc aaggacatcc tgaagctgcg cctgtacgag     1680 
 
cagcagcacg gcaagtgcct gtacagcggc aaggagatca acctgggccg cctgaacgag     1740 
 
aagggctacg tggagatcga ccacgccctg cccttcagcc gcacctggga cgacagcttc     1800 
 
aacaacaagg tgctggtgct gggcagcgag aaccagaaca agggcaacca gaccccctac     1860 
 
gagtacttca acggcaagga caacagccgc gagtggcagg agttcaaggc ccgcgtggag     1920 
 
accagccgct tcccccgcag caagaagcag cgcatcctgc tgcagaagtt cgacgaggac     1980 
 
ggcttcaagg agcgcaacct gaacgacacc cgctacgtga accgcttcct gtgccagttc     2040 
 
gtggccgacc gcatgcgcct gaccggcaag ggcaagaagc gcgtgttcgc cagcaacggc     2100 
 
cagatcacca acctgctgcg cggcttctgg ggcctgcgca aggtgcgcgc cgagaacgac     2160 
 
cgccaccacg ccctggacgc cgtggtggtg gcctgcagca ccgtggccat gcagcagaag     2220 
 
atcacccgct tcgtgcgcta caaggagatg aacgccttcg acggtaaaac catcgacaag     2280 
 
gagaccggcg aggtgctgca ccagaagacc cacttccccc agccctggga gttcttcgcc     2340 
 
caggaggtga tgatccgcgt gttcggcaag cccgacggca agcccgagtt cgaggaggcc     2400 
 
gacacccccg agaagctgcg caccctgctg gccgagaagc tgagcagccg ccctgaggcc     2460 
 
gtgcacgagt acgtgactcc tctgttcgtg agccgcgccc ccaaccgcaa gatgagcggt     2520 
 
cagggtcaca tggagaccgt gaagagcgcc aagcgcctgg acgagggcgt gagcgtgctg     2580 
 
cgcgtgcccc tgacccagct gaagctgaag gacctggaga agatggtgaa ccgcgagcgc     2640 
 
gagcccaagc tgtacgaggc cctgaaggcc cgcctggagg cccacaagga cgaccccgcc     2700 
 
aaggccttcg ccgagccctt ctacaagtac gacaaggccg gcaaccgcac ccagcaggtg     2760 
 
aaggccgtgc gcgtggagca ggtgcagaag accggcgtgt gggtgcgcaa ccacaacggc     2820 
 



atcgccgaca acgccaccat ggtgcgcgtg gacgtgttcg agaagggcga caagtactac     2880 
 
ctggtgccca tctacagctg gcaggtggcc aagggcatcc tgcccgaccg cgccgtggtg     2940 
 
cagggcaagg acgaggagga ctggcagctg atcgacgaca gcttcaactt caagttcagc     3000 
 
ctgcacccca acgacctggt ggaggtgatc accaagaagg cccgcatgtt cggctacttc     3060 
 
gccagctgcc accgcggcac cggcaacatc aacatccgca tccacgacct ggaccacaag     3120 
 
atcggcaaga acggcatcct ggagggcatc ggcgtgaaga ccgccctgag cttccagaag     3180 
 
taccagatcg acgagctggg caaggagatc cgcccctgcc gcctgaagaa gcgccctcct     3240 
 
gtgcgctaa                                                             3249 
 
 
<210>  12 
<211>  3249 
<212>  DNA 
<213>  Neisseria meningitidis 
 
<400>  12 
atggccgcct tcaagcccaa ccccatcaac tacatcctgg gcctggccat cggcatcgcc       60 
 
agcgtgggct gggccatggt ggagatcgac gaggacgaga accccatctg cctgatcgac      120 
 
ctgggtgtgc gcgtgttcga gcgcgctgag gtgcccaaga ctggtgacag tctggctatg      180 
 
gctcgccggc ttgctcgctc tgttcggcgc cttactcgcc ggcgcgctca ccgccttctg      240 
 
cgcgctcgcc gcctgctgaa gcgcgagggt gtgctgcagg ctgccgactt cgacgagaac      300 
 
ggcctgatca agagcctgcc caacactcct tggcagctgc gcgctgccgc tctggaccgc      360 
 
aagctgactc ctctggagtg gagcgccgtg ctgctgcacc tgatcaagca ccgcggctac      420 
 
ctgagccagc gcaagaacga gggcgagacc gccgacaagg agctgggtgc tctgctgaag      480 
 
ggcgtggccg acaacgccca cgccctgcag actggtgact tccgcactcc tgctgagctg      540 
 
gccctgaaca agttcgagaa ggagagcggc cacatccgca accagcgcgg cgactacagc      600 
 
cacaccttca gccgcaagga cctgcaggcc gagctgatcc tgctgttcga gaagcagaag      660 



 
gagttcggca acccccacgt gagcggcggc ctgaaggagg gcatcgagac cctgctgatg      720 
 
acccagcgcc ccgccctgag cggcgacgcc gtgcagaaga tgctgggcca ctgcaccttc      780 
 
gagccagccg agcccaaggc cgccaagaac acctacaccg ccgagcgctt catctggctg      840 
 
accaagctga acaacctgcg catcctggag cagggcagcg agcgccccct gaccgacacc      900 
 
gagcgcgcca ccctgatgga cgagccctac cgcaagagca agctgaccta cgcccaggcc      960 
 
cgcaagctgc tgggtctgga ggacaccgcc ttcttcaagg gcctgcgcta cggcaaggac     1020 
 
aacgccgagg ccagcaccct gatggagatg aaggcctacc acgccatcag ccgcgccctg     1080 
 
gagaaggagg gcctgaagga caagaagagt cctctgaacc tgagccccga gctgcaggac     1140 
 
gagatcggca ccgccttcag cctgttcaag accgacgagg acatcaccgg ccgcctgaag     1200 
 
gaccgcatcc agcccgagat cctggaggcc ctgctgaagc acatcagctt cgacaagttc     1260 
 
gtgcagatca gcctgaaggc cctgcgccgc atcgtgcccc tgatggagca gggcaagcgc     1320 
 
tacgacgagg cctgcgccga gatctacggc gaccactacg gcaagaagaa caccgaggag     1380 
 
aagatctacc tgcctcctat ccccgccgac gagatccgca accccgtggt gctgcgcgcc     1440 
 
ctgagccagg cccgcaaggt gatcaacggc gtggtgcgcc gctacggcag ccccgcccgc     1500 
 
atccacatcg agaccgcccg cgaggtgggc aagagcttca aggaccgcaa ggagatcgag     1560 
 
aagcgccagg aggagaaccg caaggaccgc gagaaggccg ccgccaagtt ccgcgagtac     1620 
 
ttccccaact tcgtgggcga gcccaagagc aaggacatcc tgaagctgcg cctgtacgag     1680 
 
cagcagcacg gcaagtgcct gtacagcggc aaggagatca acctgggccg cctgaacgag     1740 
 
aagggctacg tggagatcgc cgctgccctg cccttcagcc gcacctggga cgacagcttc     1800 
 
aacaacaagg tgctggtgct gggcagcgag gctcagaaca agggcaacca gaccccctac     1860 
 
gagtacttca acggcaagga caacagccgc gagtggcagg agttcaaggc ccgcgtggag     1920 
 
accagccgct tcccccgcag caagaagcag cgcatcctgc tgcagaagtt cgacgaggac     1980 



 
ggcttcaagg agcgcaacct gaacgacacc cgctacgtga accgcttcct gtgccagttc     2040 
 
gtggccgacc gcatgcgcct gaccggcaag ggcaagaagc gcgtgttcgc cagcaacggc     2100 
 
cagatcacca acctgctgcg cggcttctgg ggcctgcgca aggtgcgcgc cgagaacgac     2160 
 
cgccaccacg ccctggacgc cgtggtggtg gcctgcagca ccgtggccat gcagcagaag     2220 
 
atcacccgct tcgtgcgcta caaggagatg aacgccttcg acggtaaaac catcgacaag     2280 
 
gagaccggcg aggtgctgca ccagaagacc cacttccccc agccctggga gttcttcgcc     2340 
 
caggaggtga tgatccgcgt gttcggcaag cccgacggca agcccgagtt cgaggaggcc     2400 
 
gacacccccg agaagctgcg caccctgctg gccgagaagc tgagcagccg ccctgaggcc     2460 
 
gtgcacgagt acgtgactcc tctgttcgtg agccgcgccc ccaaccgcaa gatgagcggt     2520 
 
cagggtcaca tggagaccgt gaagagcgcc aagcgcctgg acgagggcgt gagcgtgctg     2580 
 
cgcgtgcccc tgacccagct gaagctgaag gacctggaga agatggtgaa ccgcgagcgc     2640 
 
gagcccaagc tgtacgaggc cctgaaggcc cgcctggagg cccacaagga cgaccccgcc     2700 
 
aaggccttcg ccgagccctt ctacaagtac gacaaggccg gcaaccgcac ccagcaggtg     2760 
 
aaggccgtgc gcgtggagca ggtgcagaag accggcgtgt gggtgcgcaa ccacaacggc     2820 
 
atcgccgaca acgccaccat ggtgcgcgtg gacgtgttcg agaagggcga caagtactac     2880 
 
ctggtgccca tctacagctg gcaggtggcc aagggcatcc tgcccgaccg cgccgtggtg     2940 
 
cagggcaagg acgaggagga ctggcagctg atcgacgaca gcttcaactt caagttcagc     3000 
 
ctgcacccca acgacctggt ggaggtgatc accaagaagg cccgcatgtt cggctacttc     3060 
 
gccagctgcc accgcggcac cggcaacatc aacatccgca tccacgacct ggaccacaag     3120 
 
atcggcaaga acggcatcct ggagggcatc ggcgtgaaga ccgccctgag cttccagaag     3180 
 
taccagatcg acgagctggg caaggagatc cgcccctgcc gcctgaagaa gcgccctcct     3240 
 
gtgcgctaa                                                             3249 



 
 
<210>  13 
<211>  4188 
<212>  DNA 
<213>  Treponema denticola 
 
<400>  13 
atgaagaagg agatcaagga ctacttcctg ggcctggacg tgggcaccgg cagcgtgggc       60 
 
tgggccgtga ccgacaccga ctacaagctg ctgaaggcca accgcaagga cctgtggggc      120 
 
atgcgctgct tcgagactgc tgagaccgcc gaggtgcgcc ggctgcaccg cggtgctcgc      180 
 
cggcgcatcg agcgccgcaa gaagcgcatc aagctgctgc aggagctgtt cagccaggag      240 
 
atcgccaaga ccgacgaggg cttcttccag cgcatgaagg agagcccctt ctacgccgag      300 
 
gacaagacca tcctgcagga gaacaccctg ttcaacgaca aggacttcgc cgacaagacc      360 
 
taccacaagg cctaccccac catcaaccac ctgatcaagg cctggatcga gaacaaggtg      420 
 
aagcccgacc ctcgcctgct gtacctggcc tgccacaaca tcatcaagaa gcgcggccac      480 
 
ttcctgttcg agggcgactt cgacagcgag aaccagttcg acaccagcat ccaggccctg      540 
 
ttcgagtacc tgcgcgagga catggaggtg gacatcgacg ccgacagcca gaaggtgaag      600 
 
gagatcctga aggacagcag cctgaagaac agcgagaagc agagccgcct gaacaagatc      660 
 
ctgggcctga agcccagcga caagcagaag aaggccatca ccaacctgat cagcggcaac      720 
 
aagatcaact tcgccgacct gtacgacaac cccgacctga aggacgccga gaagaacagc      780 
 
atcagcttca gcaaggacga cttcgacgcc ctgagcgacg acctggccag catcctgggc      840 
 
gacagcttcg agctgctgct gaaggccaag gccgtgtaca actgcagcgt gctgagcaag      900 
 
gtgatcggcg acgagcagta cctgagcttc gccaaggtga agatctacga gaagcacaag      960 
 
accgacctta ccaagctgaa gaacgtgatc aagaagcact tccccaagga ctacaagaag     1020 
 
gtgttcggct acaacaagaa cgagaagaac aacaacaact acagcggcta cgtgggcgtg     1080 
 



tgcaagacca agagcaagaa gctgatcatc aacaacagcg tgaaccagga ggacttctac     1140 
 
aagttcctga agaccatcct gagcgccaag agcgagatca aggaggtgaa cgacatcctg     1200 
 
accgagatcg agaccggcac cttcctgccc aagcagatca gcaagagcaa cgccgagatc     1260 
 
ccctaccagc tgcgcaagat ggagctggag aagatcctga gcaacgccga gaagcacttc     1320 
 
agcttcctga agcagaagga cgagaagggc ctgagccaca gcgagaagat catcatgctg     1380 
 
ctgaccttca agatccccta ctacatcggc cccatcaacg acaaccacaa gaagttcttc     1440 
 
cccgaccgct gctgggtggt gaagaaggag aagagcccca gcggcaagac caccccctgg     1500 
 
aacttcttcg accacatcga caaggagaag accgccgagg ccttcatcac cagccgcacc     1560 
 
aacttctgca catacctggt gggcgagagc gtgctgccca agagcagcct gctgtacagc     1620 
 
gagtacaccg tgctgaacga gatcaacaac ctgcagatca tcatcgacgg caagaacatc     1680 
 
tgcgacatca agctgaagca gaagatctac gaggacctgt tcaagaagta caagaagatc     1740 
 
acccagaagc agatcagcac cttcatcaag cacgagggca tctgcaacaa gaccgacgag     1800 
 
gtgatcatcc tgggcatcga caaggagtgc accagcagcc tgaagagcta catcgagctg     1860 
 
aagaacatct tcggcaagca ggtggacgag atcagcacca agaacatgct ggaggagatc     1920 
 
atccgctggg ccaccatcta cgacgagggc gagggcaaga ccatcctgaa gaccaagatc     1980 
 
aaggccgagt acggcaagta ctgcagcgac gagcagatca agaagatcct gaacctgaag     2040 
 
ttcagcggct ggggccgcct gagccgcaag ttcctggaga ccgtgaccag cgagatgccc     2100 
 
ggcttcagcg agcccgtgaa catcatcacc gccatgcgcg agacccagaa caacctgatg     2160 
 
gagctgctga gcagcgagtt caccttcacc gagaacatca agaagatcaa cagcggcttc     2220 
 
gaggacgccg agaagcagtt cagctacgac ggcctggtga agcccctgtt cctgagcccc     2280 
 
agcgtgaaga agatgctgtg gcagaccctg aagctggtga aggagatcag ccacatcacc     2340 
 
caggctcctc ctaagaagat cttcatcgag atggccaagg gcgccgagct ggagcctgct     2400 
 



cgcaccaaga cccgcctgaa gatcctgcag gacctgtaca acaactgcaa gaacgacgcc     2460 
 
gacgcattca gcagcgagat caaggacctg agcggcaaga tcgagaacga ggacaacctg     2520 
 
cgcctgcgca gcgacaagct gtacctgtac tacacccagc tgggcaagtg catgtactgc     2580 
 
ggcaagccca tcgagatcgg ccacgtgttc gacaccagca actacgacat cgaccacatc     2640 
 
tacccccaga gcaagatcaa ggacgacagc atcagcaacc gcgtgctggt gtgcagcagc     2700 
 
tgcaacaaga acaaggagga caagtaccct ctgaagagcg agatccagag caagcagcgc     2760 
 
ggcttctgga acttcctgca gcgcaacaac ttcatcagcc tggagaagct gaaccgcctg     2820 
 
acccgcgcca cccccatcag cgacgacgag accgccaagt tcatcgcccg ccagctggtg     2880 
 
gagactcgcc aagctaccaa ggtggccgcc aaggtgctgg agaagatgtt ccccgagacc     2940 
 
aagatcgtgt acagcaaggc cgagaccgtg agcatgttcc gcaacaagtt cgacatcgtg     3000 
 
aagtgccgcg agatcaacga cttccaccac gcccacgacg cctacctgaa catcgtggtg     3060 
 
ggcaacgtgt acaacaccaa gttcaccaac aacccctgga atttcattaa ggagaagcgc     3120 
 
gacaacccca agatcgccga cacctacaac tactacaagg tgttcgacta cgacgtgaag     3180 
 
cgcaacaaca tcaccgcctg ggagaagggc aagaccatca tcaccgtgaa ggacatgctg     3240 
 
aagcgcaaca cccccatcta cacccgccag gccgcctgca agaagggcga gctgttcaac     3300 
 
cagaccatca tgaagaaggg cctgggccag caccccctga agaaggaggg ccccttcagc     3360 
 
aacatcagca agtacggcgg ctacaacaag gtgagcgccg cctactacac cctgatcgag     3420 
 
tacgaggaga agggcaacaa gatccgcagc ctggagacca tccccctgta cctggtgaag     3480 
 
gacatccaga aggaccagga cgtgctgaag agctacctga ccgacctgct gggcaagaag     3540 
 
gagttcaaga tcctggtgcc caagatcaag atcaacagcc tgctgaagat caacggcttc     3600 
 
ccctgccaca tcaccggcaa gaccaacgac agcttcctgc tgcgccccgc cgtgcagttc     3660 
 
tgctgcagca acaacgaggt gctgtacttc aagaagatca tccgcttcag cgagatccgc     3720 
 



agccagcgcg agaagatcgg caagaccatc agcccctacg aggacctgag cttccgcagc     3780 
 
tacatcaagg agaacctgtg gaagaagacc aagaacgacg agatcggcga gaaggagttc     3840 
 
tacgacctgc tgcagaagaa gaacctggag atctacgaca tgctgctgac caagcacaag     3900 
 
gacaccatct acaagaagcg ccccaacagc gccaccatcg acatcctggt gaagggcaag     3960 
 
gagaagttca agagcctgat catcgagaac cagttcgagg tgatcctgga gatcctgaag     4020 
 
ctgttcagcg ccacccgcaa cgtgagcgac ctgcagcaca tcggcggcag caagtacagc     4080 
 
ggcgtggcca agatcggcaa caagatcagc agcctggaca actgcatcct gatctaccag     4140 
 
agcatcaccg gcatcttcga gaagcgcatc gacctgctga aggtgtaa                  4188 
 
 
<210>  14 
<211>  4188 
<212>  DNA 
<213>  Treponema denticola 
 
<400>  14 
atgaagaagg agatcaagga ctacttcctg ggcctggccg tgggcaccgg cagcgtgggc       60 
 
tgggccgtga ccgacaccga ctacaagctg ctgaaggcca accgcaagga cctgtggggc      120 
 
atgcgctgct tcgagactgc tgagaccgcc gaggtgcgcc ggctgcaccg cggtgctcgc      180 
 
cggcgcatcg agcgccgcaa gaagcgcatc aagctgctgc aggagctgtt cagccaggag      240 
 
atcgccaaga ccgacgaggg cttcttccag cgcatgaagg agagcccctt ctacgccgag      300 
 
gacaagacca tcctgcagga gaacaccctg ttcaacgaca aggacttcgc cgacaagacc      360 
 
taccacaagg cctaccccac catcaaccac ctgatcaagg cctggatcga gaacaaggtg      420 
 
aagcccgacc ctcgcctgct gtacctggcc tgccacaaca tcatcaagaa gcgcggccac      480 
 
ttcctgttcg agggcgactt cgacagcgag aaccagttcg acaccagcat ccaggccctg      540 
 
ttcgagtacc tgcgcgagga catggaggtg gacatcgacg ccgacagcca gaaggtgaag      600 
 
gagatcctga aggacagcag cctgaagaac agcgagaagc agagccgcct gaacaagatc      660 



 
ctgggcctga agcccagcga caagcagaag aaggccatca ccaacctgat cagcggcaac      720 
 
aagatcaact tcgccgacct gtacgacaac cccgacctga aggacgccga gaagaacagc      780 
 
atcagcttca gcaaggacga cttcgacgcc ctgagcgacg acctggccag catcctgggc      840 
 
gacagcttcg agctgctgct gaaggccaag gccgtgtaca actgcagcgt gctgagcaag      900 
 
gtgatcggcg acgagcagta cctgagcttc gccaaggtga agatctacga gaagcacaag      960 
 
accgacctta ccaagctgaa gaacgtgatc aagaagcact tccccaagga ctacaagaag     1020 
 
gtgttcggct acaacaagaa cgagaagaac aacaacaact acagcggcta cgtgggcgtg     1080 
 
tgcaagacca agagcaagaa gctgatcatc aacaacagcg tgaaccagga ggacttctac     1140 
 
aagttcctga agaccatcct gagcgccaag agcgagatca aggaggtgaa cgacatcctg     1200 
 
accgagatcg agaccggcac cttcctgccc aagcagatca gcaagagcaa cgccgagatc     1260 
 
ccctaccagc tgcgcaagat ggagctggag aagatcctga gcaacgccga gaagcacttc     1320 
 
agcttcctga agcagaagga cgagaagggc ctgagccaca gcgagaagat catcatgctg     1380 
 
ctgaccttca agatccccta ctacatcggc cccatcaacg acaaccacaa gaagttcttc     1440 
 
cccgaccgct gctgggtggt gaagaaggag aagagcccca gcggcaagac caccccctgg     1500 
 
aacttcttcg accacatcga caaggagaag accgccgagg ccttcatcac cagccgcacc     1560 
 
aacttctgca catacctggt gggcgagagc gtgctgccca agagcagcct gctgtacagc     1620 
 
gagtacaccg tgctgaacga gatcaacaac ctgcagatca tcatcgacgg caagaacatc     1680 
 
tgcgacatca agctgaagca gaagatctac gaggacctgt tcaagaagta caagaagatc     1740 
 
acccagaagc agatcagcac cttcatcaag cacgagggca tctgcaacaa gaccgacgag     1800 
 
gtgatcatcc tgggcatcga caaggagtgc accagcagcc tgaagagcta catcgagctg     1860 
 
aagaacatct tcggcaagca ggtggacgag atcagcacca agaacatgct ggaggagatc     1920 
 
atccgctggg ccaccatcta cgacgagggc gagggcaaga ccatcctgaa gaccaagatc     1980 



 
aaggccgagt acggcaagta ctgcagcgac gagcagatca agaagatcct gaacctgaag     2040 
 
ttcagcggct ggggccgcct gagccgcaag ttcctggaga ccgtgaccag cgagatgccc     2100 
 
ggcttcagcg agcccgtgaa catcatcacc gccatgcgcg agacccagaa caacctgatg     2160 
 
gagctgctga gcagcgagtt caccttcacc gagaacatca agaagatcaa cagcggcttc     2220 
 
gaggacgccg agaagcagtt cagctacgac ggcctggtga agcccctgtt cctgagcccc     2280 
 
agcgtgaaga agatgctgtg gcagaccctg aagctggtga aggagatcag ccacatcacc     2340 
 
caggctcctc ctaagaagat cttcatcgag atggccaagg gcgccgagct ggagcctgct     2400 
 
cgcaccaaga cccgcctgaa gatcctgcag gacctgtaca acaactgcaa gaacgacgcc     2460 
 
gacgcattca gcagcgagat caaggacctg agcggcaaga tcgagaacga ggacaacctg     2520 
 
cgcctgcgca gcgacaagct gtacctgtac tacacccagc tgggcaagtg catgtactgc     2580 
 
ggcaagccca tcgagatcgg ccacgtgttc gacaccagca actacgacat cgctgctatc     2640 
 
tacccccaga gcaagatcaa ggacgacagc atcagcaacc gcgtgctggt gtgcagcagc     2700 
 
tgcgccaaga acaaggagga caagtaccct ctgaagagcg agatccagag caagcagcgc     2760 
 
ggcttctgga acttcctgca gcgcaacaac ttcatcagcc tggagaagct gaaccgcctg     2820 
 
acccgcgcca cccccatcag cgacgacgag accgccaagt tcatcgcccg ccagctggtg     2880 
 
gagactcgcc aagctaccaa ggtggccgcc aaggtgctgg agaagatgtt ccccgagacc     2940 
 
aagatcgtgt acagcaaggc cgagaccgtg agcatgttcc gcaacaagtt cgacatcgtg     3000 
 
aagtgccgcg agatcaacga cttccaccac gcccacgacg cctacctgaa catcgtggtg     3060 
 
ggcaacgtgt acaacaccaa gttcaccaac aacccctgga atttcattaa ggagaagcgc     3120 
 
gacaacccca agatcgccga cacctacaac tactacaagg tgttcgacta cgacgtgaag     3180 
 
cgcaacaaca tcaccgcctg ggagaagggc aagaccatca tcaccgtgaa ggacatgctg     3240 
 
aagcgcaaca cccccatcta cacccgccag gccgcctgca agaagggcga gctgttcaac     3300 



 
cagaccatca tgaagaaggg cctgggccag caccccctga agaaggaggg ccccttcagc     3360 
 
aacatcagca agtacggcgg ctacaacaag gtgagcgccg cctactacac cctgatcgag     3420 
 
tacgaggaga agggcaacaa gatccgcagc ctggagacca tccccctgta cctggtgaag     3480 
 
gacatccaga aggaccagga cgtgctgaag agctacctga ccgacctgct gggcaagaag     3540 
 
gagttcaaga tcctggtgcc caagatcaag atcaacagcc tgctgaagat caacggcttc     3600 
 
ccctgccaca tcaccggcaa gaccaacgac agcttcctgc tgcgccccgc cgtgcagttc     3660 
 
tgctgcagca acaacgaggt gctgtacttc aagaagatca tccgcttcag cgagatccgc     3720 
 
agccagcgcg agaagatcgg caagaccatc agcccctacg aggacctgag cttccgcagc     3780 
 
tacatcaagg agaacctgtg gaagaagacc aagaacgacg agatcggcga gaaggagttc     3840 
 
tacgacctgc tgcagaagaa gaacctggag atctacgaca tgctgctgac caagcacaag     3900 
 
gacaccatct acaagaagcg ccccaacagc gccaccatcg acatcctggt gaagggcaag     3960 
 
gagaagttca agagcctgat catcgagaac cagttcgagg tgatcctgga gatcctgaag     4020 
 
ctgttcagcg ccacccgcaa cgtgagcgac ctgcagcaca tcggcggcag caagtacagc     4080 
 
ggcgtggcca agatcggcaa caagatcagc agcctggaca actgcatcct gatctaccag     4140 
 
agcatcaccg gcatcttcga gaagcgcatc gacctgctga aggtgtaa                  4188 
 
 
<210>  15 
<211>  20 
<212>  DNA 
<213>  Artificial 
 
<220> 
<223>  Synthetic 
 
<400>  15 
aacaaatgtg tcacaaagta                                                   20 
 
 



<210>  16 
<211>  20 
<212>  DNA 
<213>  Artificial 
 
<220> 
<223>  Synthetic 
 
<400>  16 
acaaaactgt gctagacatg                                                   20 
 
 
<210>  17 
<211>  20 
<212>  DNA 
<213>  Artificial 
 
<220> 
<223>  Synthetic 
 
<400>  17 
tgtgctagac atgaggtcta                                                   20 
 
 
<210>  18 
<211>  20 
<212>  DNA 
<213>  Artificial 
 
<220> 
<223>  Synthetic 
 
<400>  18 
gcccacgaca ccaaccacca                                                   20 
 
 
<210>  19 
<211>  20 
<212>  DNA 
<213>  Artificial 
 
<220> 
<223>  Synthetic 
 



<400>  19 
tcttccctag gaatgatgac                                                   20 
 
 
<210>  20 
<211>  20 
<212>  DNA 
<213>  Artificial 
 
<220> 
<223>  Synthetic 
 
<400>  20 
gcggtccctg aggtgcaccg                                                   20 
 
 
<210>  21 
<211>  20 
<212>  DNA 
<213>  Artificial 
 
<220> 
<223>  Synthetic 
 
<400>  21 
agaagtggaa tacagagcgg                                                   20 
 
 
<210>  22 
<211>  1491 
<212>  DNA 
<213>  adeno-associated virus 
 
<400>  22 
atggagagaa ggaatcctag tgagagggga gtgcccgccg ggttttctgg tcacgcctcc       60 
 
gtggaatccg gatgtgagac tcaggagtcc cccgccaccg tggtgttccg cccaccagga      120 
 
gacaacactg acggtggcgc ggcggctgct gcaggtggaa gccaagccgc cgctgctggg      180 
 
gccgagccga tggaacccga atccagaccc ggtccctctg gcatgaacgt tgtgcaggtc      240 
 
gcagaactct accccgaact ccgcaggatc ttgacaatca cggaggacgg ccagggcctc      300 
 



aagggagtga agagagagag aggggcttgt gaggccactg aggaagctcg caatctggcg      360 
 
ttttcattga tgacaaggca caggccggaa tgcattacat tccaacagat taaggacaac      420 
 
tgcgcaaacg agctcgatct cctggcccag aagtatagca tcgagcagct gacaacctat      480 
 
tggctgcagc ccggcgacga ttttgaagag gccatccgcg tgtacgcaaa ggtggccctg      540 
 
cgacctgact gcaaatataa gatttccaaa ctggttaaca tccggaattg ttgttatatt      600 
 
agtggaaatg gcgcagaagt ggagattgac acagaggatc gagtcgcttt ccggtgctct      660 
 
atgatcaaca tgtggcccgg tgtgctcggc atggatggcg tagtcattat gaatgtggct      720 
 
ttcaccggac ctaattttag cggaaccgtc ttcctggcaa acactaatct gatcctgcat      780 
 
ggagtttctt tctatggatt taataacacc tgtgttgaag cttggaccga cgtgcgggtt      840 
 
agagggtgtg ctttttattg ctgctggaaa ggcgtcgtgt gtagacccaa aagtagagct      900 
 
tctatcaaga aatgcctgtt cgagaggtgt actctgggca ttctcagtga aggtaatagc      960 
 
agggtcaggc ataacgtggc ctcagattgc ggatgtttta tgttggttaa atccgtggct     1020 
 
gtgatcaagc acaacatggt gtgtggcaat tgtgaggacc gggcatctca aatgctgaca     1080 
 
tgttccgatg gcaactgtca cctgctcaaa acaattcacg ttgcgagcca ttctcggaag     1140 
 
gcctggccag ttttcgagca taacatcctg acgcgctgta gtctccacct gggtaacaga     1200 
 
cggggcgttt tcctgccata tcagtgtaac ctgtcacata ccaagatact cctggaacca     1260 
 
gaatctatga gtaaagtgaa cctgaatggt gtattcgata tgaccatgaa gatatggaaa     1320 
 
gtcctccgct atgacgaaac taggactagg tgtaggccct gcgagtgtgg cggcaagcat     1380 
 
atccgcaacc aacccgtgat gctggacgtg accgaggagc tgcgccccga tcacctggtg     1440 
 
ctggcctgca ccagagcaga attcgggagc tcagacgaag acactgatta a              1491 
 
 
<210>  23 
<211>  888 
<212>  DNA 



<213>  adeno-associated virus 
 
<400>  23 
atgggcacta ctagtggggt accctttggc atgaccctcc gccccactcg gtcaaggctc       60 
 
tcccggagaa ctccttactc tcgcgatagg cttcctccgt tcgaaaccga aacacgggca      120 
 
accattctgg aagatcatcc actgctgcca gagtgtaata ccctgacgat gcataacgtt      180 
 
tcttacgtcc gcggtctgcc ctgttccgtg ggttttactc tgatccagga gtgggtcgtg      240 
 
ccttgggata tggtcctcac acgcgaggag ctggtgatcc tgagaaagtg tatgcatgtc      300 
 
tgcttgtgtt gcgcaaacat cgacattatg accagtatga tgattcatgg atacgagagc      360 
 
tgggcgcttc actgccactg ctcatcccct ggcagcctgc agtgtattgc agggggccag      420 
 
gtgctcgctt cctggtttag aatggtagtg gatggcgcca tgtttaatca gagattcatt      480 
 
tggtatcggg aggttgtgaa ctataacatg ccaaaggaag tcatgtttat gagcagcgtg      540 
 
ttcatgcggg ggcggcatct gatatatctg agactgtggt acgacggtca cgtgggctct      600 
 
gtcgtgcctg caatgtcctt cggatacagc gccctgcact gtgggatcct caataatata      660 
 
gtcgtcttgt gttgctctta ttgcgcagat ctcagtgaga taagagtcag gtgctgtgca      720 
 
agacggaccg caagggcgat gctccgcgcc gtgcgcatca ttgccgagga gacaactgcc      780 
 
atgctttaca gctgtagaac agagcgcaga cgccagcagt ttatcagagc cctgctgcag      840 
 
caccaccgcc ccatactcat gcatgactac gacagtacgc caatgtaa                   888 
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