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INTRODUCTION

Since the last compilation of restriction enzymes (1), 300 new entries have been added
including 12 new specificities. With the growing size of this database and the recognition
that the most widespread use of the information is as a database for computer programs
predicting restriction enzyme cleavage patterns, the new format has been continued. This
format is intended to contain the minimal amount of information required by a computer
program. It should be noted that only enzymes for which the recognition sequence is known
are included. This new list is shown™in the first Table, while an alphabetical listing of
all Type II enzymes is presented in the second Table. A copy of the restriction enzyme
data base in its previous format (2), including enzymes of unknown recognition sequence,
will be available upon request. It should also be noted that an alternative compilation of
these enzymes has recently been produced (3).

The database shown in these Tables is available online through the BIONET computer
resource. A version corresponding to the printed text is located in the file
<ROBERTS >RESTRICT.NAR Several alternative versions are available and are
documented in <ROBERTS >RESTRICT.DOC. It is also possible to get regular monthly
updates by electronic mail. Enquiries should be directed to roberts@cshlab.bitnet.

In forming this list, all endonucleases cleaving DNA at a specific sequence have been
considered to be restriction enzymes, although in most cases there is no direct genetic
evidence for the presence of a restriction-modification system. The endonucleases are named
in accordance with the proposal of Smith and Nathans (4).
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Type I enzymes
Enzyme Recognition Me site® Reference
sequence
EcoAl GAGNNNNNNNGTCA 2(6) -3(6) 545,546
EcoBI TGANNNNNNNNTGCT 3(6) ~-4(6) 547-551
EcoDI TTANNNNNNNGTCY 552
EcoDXX1 TCANNNNNNNATTC 553,554
EcoEl GAGNNNNNNNATGC 555,556
EcoKl1 AACNNNNNNGTGC 2(6) -3(6) 557-560
EcoR124/31 GAANNNNNNNRTCG —3(6) 561
EcoR124] GAANNNNNNRTCG 561
StySBI GAGNNNNNNRTAYG 2(6) —4(6) 562
SrySJ1 GAGNNNNNNGTRC 563
StySP1 AACNNNNNNGTRC 2(6) -3(6) 562
SrySQI AACNNNNNNRTAYG 564
Type II enzymes
Enzyme' Isoschizomers Recognition? Me? Commercial* Reference
Sequence site source
Aall GACGTIC GMNPRU 5
Accl GTIMKAC ABGIMNPRU 6
Acyl GRICGYC MR 7
Ahall GRICGYC N 8
AoslL GRICGYC 9
AstW1 GR1CGYC 10
Asulll GRICGYC 10
Bbill GRICGYC A 11
HgiDI GRICGYC 12
HgiGI GRICGYC 12
HgiHIl GRICGYC 13
Hinll GRICGYC 14
Hin81 GRCGYC 15
NiaS1l GRCGYC 16
A CITTAAG AGN 17
Espdl CITTAAG 18
Afll AICRYGT G 17
Ahalll TTTIAAA 19
Dral TTTIAAA ABGIMNPRU 20
Al AGICT X5) ABGIMNPRU 21-24
Mid AGICT 25,26
Ol AGCT 27
OmuNI AGCT 28
Oxal AGCT 29
AWNI CAGNNNICTG N 30
Apal GGGCCIC 4(5) BGIMNPRU 31,32
Bsp1201 GGGCCC 33
EciEI GGGCCC 34
Apall GITGCAC AGN 35
Amel GTGCAC 27
Snol GITGCAC 36,37
Ubad4l GITGCAC 38
Vnel GITGCAC 39
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Enzyme' Isoschizomers Recognition? Me? Commercial® Reference
Sequence site source
Asul GIGNCC R 40
Apul GGNCC 41
Bac361 GIGNCC 41
BspBIl GIGNCC 42
Crdl GGNCC 43,44
Cfr8l GGNCC 43,44
i3l GIGNCC 4(5) AU 43,45
231 GGNCC 46
Cfr33l GGNCC 47
Cfrdsl1 GGNCC 47
Cfraol GGNCC 47
Tl GGNCC 47
Cfr521 GGNCC 48
Cfr54l GGNCC 49
CfrN1 GGNCC 50
Eco391 GGNCC 52
Eco4Tll GGNCC 53
Eco19611 GGNCC 51
Eco2011 GGNCC 51
Gsel GGNCC 54
HinSI GGNCC 15
Mjall GGNCC 55
NlaDIll GGNCC 56
NmuEIl GGNCC 57
NmuSI GGNCC 58
NspIV GIGNCC P 59
NspLIl GGNCC 60,61
Psel GGNCC 62
Pspl GGNCC 63
Sau%61 GIGNCC BGMNR 64
Sdyl GGNCC 65
Asull TT1CGAA G 10,66
Acal TTCGAA 67,68
Avil TTCGAA 62
Bsp821 TTCGAA 69
Bspl191 TTCGAA 48
BsiBI TTICGAA N 70,71
Cspd5l TTICGAA R 72,73
Fspll TTICGAA 74
Lspl TTICGAA 36,37
Mial TTICGAA 75
NspV TTCGAA AP 59
NspBI TTCGAA 76
NspFl TTCGAA 54
NspJl TTCGAA 60,68
Sspll TTICGAA n
Awval C1YCGRG ABGIMNPRU 78,79
Acrd CYCGRG 68
Aqul CIYCGRG 1(5) 80,81
AspBI CYCGRG 76
AspCl CYCGRG 76
AspDl CYCGRG 76
Avl CYCGRG 82
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Enzyme' Isoschizomers Recognition? Me? Commercial® Reference
Sequence site source
BsrSI C1YCGRG 70
Eco88I1 CYCGRG 83
Nl CYCGRG 76
NmuAl CYCGRG 76
Nsplll CIYCGRG P 59
NspDI CYCGRG 76
NspEl CYCGRG 84
NspSAI CI'YCGRG 85
Avall GIGWCC ABGIMNPR 78,79,86,87
Al GIGWCC 17
Ap69T1  GGWCC 88
AspBII GGWCC 76
AspCll GGWCC 76
AspDH GGWCC 76
BamNx1 GIGWCC 89-91
Bme2161 GIGWCC 92,93
BplOOl  GGWCC 3
Bril GGWCC 94
Caul GIGWCC 95,96
Cll GGWCC 61
Clmll GGWCC 97
EagMl GIGWCC 98,99
EcodTl GIGWCC U 53,100
Erpl GIGWCC 41
Fdil GIGWCC 101,102
FspMSI GIGWCC 41
GspAl GGWCC 103
HgiBI GIGWCC 12
HgiCll GIGWCC 12
HgiEl GIGWCC 12
HgiHIII GIGWCC 13
Hgill GIGWCC 13
Hsp2l GGWCC 48
Mol GGWCC 104
MspAl GGWCC 104
N GGWCC 76
NmuAll GGWCC 76
NspDII GGWCC 76
NspGl GGWCC 60,68
NspHII GGWCC 76
NspKI GGWCC 60,61
Sfal GGWCC 105
Sinl GIGWCC 45 R 62,107,108
SinAl GGWCC 106
SinBI GGWCC 106
SinCl1 GGWCC 106
SinDI GGWCC 106
SinEl GGWCC 106
SinFl1 GGWCC 106
SinGl GGWCC 106
SinH1 GGWCC 106
Sinl1 GGWCC 106
Trul GGWCC 109
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Enzyme' Isoschizomers Recognition? Mc? Commercial* Reference
Sequence site source
Avalll ATGCAT G 110,111
EcoT221 ATGCAIT §) 112
Nsil ATGCAIT BMNR 113
Avrll CICTAGG N 82,114
Ball TGGICCA 4(5) ABGIN 32,115
Mscl TGGCCA 27
BamH1 GIGATCC 54) ABGIMNPRU 116-118
Aacl GGATCC 119
Aael GGATCC 119
Acall GGATCC 68
AccEBI GIGATCC 120
Ainll GGATCC 68
Alil GIGATCC 121
Ali122571 GGATCC 122
Ali122581 GGATCC 122
AspTIl GGATCC 68
BamF1 GGATCC 123
BamKI GGATCC 123
BamN] GGATCC 90
Bsp301 GGATCC 33
Bspa6l GGATCC &
Bsp981 GGATCC 33
Bstl GIGATCC GP 124,125
BstQI GGATCC 70
Cell GGATCC 68
Ddsl GGATCC 126
Gdol GGATCC 119
Ginl GGATCC 127
Goxl GGATCC 119
Gselll GGATCC 54
Miel GGATCC 25
NasBI GGATCC 25
NspSAIV GIGATCC 85
PaelT]l GGATCC 51
Rhsl GGATCC 128
Rludl GGATCC 129
Bbvl GCAGC(8/12) 2(5),-2(5) GIN 116,130—132
AlwX1 GCAGC(8/12) 133
Bbvil GAAGAC(2/6) 134
Beefl ACGGC(12/13) 135
Bell TIGATCA BGIMNPU 136
AnCl TGATCA 137
BspXIl TIGATCA 138
BstGI TGATCA 139
BstK1 TGATCA 70
GCpel TGATCA 140
Cihl TGATCA 141
Fbal TGATCA 105
Pov TIGATCA 98,142
Ssel TGATCA 54
SV TGATCA 143
Bgll GCCNNNNINGGC BGIMNPRU 144-148
Vanl GCCNNNNNGGC 149
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Enzyme' Isoschizomers Recognition? Me? Commercial* Reference
Sequence site source
Bgiml AIGATCT ABGIMNPRU 144,148,150
NspMACI AIGATCT 151
Binl GGATC(4/5) 152
Al GGATC(4/5) N 153
Brhll GGATC 154
BsaAl YACGTR N 71
BsaBl GATNNNNATC 55
BsePl GCGCGC 139
BsoPl GCGCGC 139
BsrHI GCGCGC 139
BssHII GICGCGC GNU 139,156
Ecol1431 GCGCGC 129
EspTl GCGCGC 69
Esp81 GCGCGC 69
Kpn301 GCGCGC 157
Bsml GAATGC(1/—1) GN 66
BsmAl GTCTC N 71
Uba261 GTCTC(1/5) 158
BspHI TICATGA N 159
RspX1 TICATGA G 160
BspMI ACCTGC4/8) N 153,161
BspMIl TICCGGA N 153,161
Acclll Tt1CCGGA AGR 66,162
Bb14111  TCCGGA 163
Bila79201 TCCGGA 163
CauB31 TICCGGA 164
Kpn2l TICCGGA 33,165
Mrol TICCGGA U 166
Bsrl ACTGG(l/-1) N 167
BstEIl GIGTNACC BGMNPU 168,169
Acrl GIGTNACC 68
AspAl GIGTNACC 36
Bsi311 GGTNACC 170
BsiDI GGTNACC 70
BstP1 GIGTNACC 171
il GGTNACC 43
Cfr191 GGTNACC 47
Ecal GIGTNACC 172
Ecod11 GIGTNACC 173,174
Eco0651 GIGTNACC G 175,176
Koxl GGTNACC 177
NspSAIL  GIGTNACC 85
SciAl GGTNACC 68
BstX1 CCANNNNNINTGG GNRU 139,178
BssGI CCANNNNNNTGG 139
BsfT CCANNNNNNTGG 139
Caull CCtSGG 95,96,179
Ahal CCISGG 8
Asell CCISGG 180
Aspll CCSGG 129
Benl CCISGG 24) A 181—186
Bsp71 CCSGG 33
Bsp8l CCSGG 33
1352
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Enzyme' Isoschizomers Recognition? Me? Commercial* Reference
Sequence site source

Bsp551 CCSGG 69

EciDI CCSGG 34

Eco1211 CCSGG 187

Ecol 91 CCSGG 51

Ec01901 CCSGG 187

HgiS211 CCSGG 188

Hin3l CCSGG 189

Ncil CC1SGG BGMNU 190,191

Pael811 CCSGG 51

Rshll CCSGG 93

Ssp21 CCSGG 129

Tmull CCSGG 173

cr Y1GGCCR 45) 44,186,192,1

93

Cfri4l YGGCCR 43

Cfr3sl YGGCCR 46

391 YGGCCR 47

Cfra0l YGGCCR 47

Eael Y1GGCCR 4(5) GMN 194,195

EciBI YGGCCR 34

Ecod01 YGGCCR 173

Ecol64l YGGCCR 129

EcoHl YGGCCR 28

Cfri0l RICCGGY 2(5) AU 43,44,186,196

Bsp211 RCCGGY 173

Clal AT1CGAT 5(6) ABGMNPR 197,198

ApT0TL  ATCGAT 88

Banlll ATCGAT 8] 5

Beml ATICGAT 199

Bdil ATICGAT 200

BIRI ATCGAT 201

Bscl ATICGAT 36,202

Bsp2l ATCGAT 3

Bspdl ATCGAT 33

Bsp8dl ATCGAT P

Bsp1061 ATICGAT 203

BspX1 ATICGAT 138

Cspdl ATCGAT 69

vl RGICY 3(5) 204,205

CviKI RGCY 206

CviLl RGCY 206

CviMI RGCY 206

CviNI RGCY 206

[8%.0) RGCY 206

Ddel CITNAG 1(5) BGIMNPRU 207-209

Dpnl* GAITC ABGIMNR 210-212

Chur* GAITC 213,214

Nanll* GATC 215

NgoDII*  GATC 216

NmuDI* GATC 57

NmuEI* GATC 217

NsuDI* GATC 57

Drall RGIGNCCY GM 218-220
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Enzyme' Isoschizomers Recognition? Me? Commercial* Reference
Sequence site source
Eco01091 RGIGNCCY AGNU 221
Pssi RGGNCICY I 126,222
VneAl RGGNCCY 149
Dralll CACNNNIGTG MN 218-220
Drdl GACNNNNINNGTC N 223
Drdll GAACCA 223
Dsal CICRYGG 224
Ecil TCCGCC 34
Eco311 GGTCTC(1/5) 225
Bsal GGTCTC 71
Eco42} GGTCTC 187
EcoS511 GGTCTC 129
Eco951 GGTCTC 226
Eco9T1 GGTCTC 227
Ecol1011 GGTCTC 187
Eco1201 GGTCTC 187
Eco1271 GGTCTC 51
Ec01291 GGTCTC 51
Eco1551 GGTCTC 187
Ecol561 GGTCTC 187
Ecol571 GGTCTC 187
Eco1621 GGTCTC 51
Eco1851 GGTCTC 51
Eco1911 GGTCTC 187
Ec02031 GGTCTC 187
Eco2041 GGTCTC 187
Eco2051 GGTCTC 187
Eco2171 GGTCTC 48
Eco2251 GGTCTC 129
Eco2331 GGTCTC 33
Ec02391 GGTCTC 129
Eco2401 GGTCTC 48
Eco2411 GGTCTC 48
Eco2461 GGTCTC 33
Eco2471 GGTCTC 33
Ppal GGTCTC 153
Saul2l GGTCTC 173
Ecod7Til AGCIGCT AU 53
Airl AGCIGCT 228
Eco5T1 CTGAAG(16/14) 229
Bsp6ll CTGAAG 173
Eco1251 CTGAAG 51
Fofl CTGAAG 230
EcoNI1 CCTNNINNNAGG N 231
BstW1 CCTNNNNNAGG 7
EcoRI GIAATTC 36) ABGIMNPRU 2234
Eco821 GAATTC 226
Eco1591 GAATTC 51
Eco2281 GAATTC 48
Eco2371 GAATTC 129
Eco2521 GAATTC 129
Rsri GIAATTC 235-237
Ssol GIAATTC 2(6) 238,239
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Enzyme' Isoschizomers Recognition? Me? Commercial* Reference
Sequence site source

EcoRIP 1CCWGG 2(5) BG 240-242
Aeul CCIWGG 243

+ Aorl CCIWGG 119
+ Apyl CCIWGG M 244
Al CCWGG 173

AtuBI CCWGG 245

Al CCWGG 246

BinSI CCWGG 154

+ Bsp561 CCWGG 69
Bsp1031 CCWGG 33

BsiGIl CCWGG 139

+ BaNI CCIWGG N 247
BsrOL CCWGG 70

Cdi2T1 CCWGG 157

Cfrsl CCWGG 43,44

(o281 CCWGG 43,44

G201 CCWGG 47

Cfr221 CCWGG 47

Cfr241 CCWGG 47

Cfr251 CCWGG 47

(804) | CCWGG 47

Cfr281 CCWGG 47

Cfr291 CCWGG 47

Cfr301 CCWGG 47

Cf311 CCWGG 47

C3sl CCWGG 47

CfrS371 CCWGG 188

Chll CCIWGG 248

EagKl CCWGG 249

Ecall CCWGG 66

Ecill CCWGG 250

Eci66] CCWGG 227

Ecl1361 CCWGG 51

Ecl1371 CCWGG 187

EcIS391 CCWGG 188

Eco381 CCWGG 52

Eco401 CCWGG 52

Ecod11 CCWGG 52

Eco601 CCWGG 44

Eco611 CCWGG 44

Eco6T1 CCWGG 226

Eco701 CCWGG 226

EcoT11 CCWGG 251

Eco128] CCWGG 51

Eco1701 CCWGG 129

Eco1931 CCWGG 187

Eco2061 CCWGG 33

Eco20T1 CCWGG 33

Esp21 CCWGG 33

Fsp16041 CCIWGG 252

Kax1651 CCWGG 129

Kpn101 CCWGG 51

Kpni3l CCWGG 51
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Enzyme' [soschizomers Recognition? Me? Commercial* Reference
Sequence site source
Kpn14l CCWGG 187
Kpn16l CCWGG 187
Mphl CCWGG 253
+ Mval CCIWGG 24) AU 254,255
Serdl CCWGG 256
TagX1 CCIWGG 257
Zanl CCIWGG 258
EcoRV GATIATC 2(6) ABGIMNPRU 259261
Bspl6l GATATC 33
BsiR1 GATATC 70
Ceql GATIATC 262
Eco321 GATIATC 44,263
Ecol1781 GATATC 51
Hjal GATtATC 264
Nanl GATATC 215
NAAL GATATC 265
NsiCl GATIATC 266
Espl GCITNAGC G 267
Celll GCTNAGC M 68
Sarl GCTNAGC 268
Esp3l GAGACG 69
Finl GTCCC 153
FrudHI GCINGC N 269
Bsp6l GCINGC 270
Fori GCINGC 105
Uur9601 GCINGC 271
FnuDO CGICG 272
Accll CGICG AG 6,273
BceF1 CGCG 274
BceR1 CGCG 123
Bepl CGICG 1(5) 275,276
BspS0I CGCG )
Bsp01 CGCG 9
BstUI CGICG N 70
Bsul19211 CGCG 65
Bsul1931 CGCG 65,123
Bsul5321 CGICG 27
Bsut6331 CGCG 123,278
BsuEIl CGCG 1(5) 65,279,280
CpaAl CGCG 281
FspMI CGCG 153
Hin10561 CGCG 282
MvaAl CGCG 104
Ml CGICG 283
PAAI CGCG 27
Scel CGCG 68
Thal CGICG BI 284
Fold GGATG(9/13) 3(6) AGIMN 285,286
HinGUII GGATG 287-289
Gdill YGGCCG(-5/—1) 290
Goul CTGGAG(16/14) 229,291
Beo351 CTGGAG 48
t356
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Enzyme' Isoschizomers Recognition? Mec3 Commercial® Reference
Sequence site source

Bsp221 CTGGAG 173
Bsp281 CTGGAG 33
Hael WGGICCW 292
Haell RGCGCtY ABGIMNP 293,294
Bme1421 RGCIGCY 295
HinH1 RGCGCY 296
Ngol RGCGCY 207
Haelll GGICC 3(5) ABGIMNPRU 298-300
AcalV GGCC 68
Ap142l  GGCC 188
AspTTI GGCC 68
Bce7ll GGCC 301
Bco331 GGCC 33
Biil GGCC 302
Blull GGCC 290
Bsel GGCC 303
Bshl GGCC 103
BshAl GGCC 103
BshBI GGCC 103
BshCl GGCC 103
BshDI GGCC 103
BshEI GGCC 103
BshF1 GGCC 103
BspTlI GGCC 301
Bsp21ll  GGICC 301
Bp2261  GGCC 301
BspRI GGICC 304306
BssCl GGCC 139
BstCI GGCC 139
Bst]l GGCC 70
Bsu10761 GGCC 123
Bsull14l GGCC 123
BsuRI GGICC 3(5) G 300,307,308
Brel GGCC 309
Clml GGCC 97
Ccil GGICC 310
Csp2! GGCC 49
Dsall GGICC 224
FinSI GGCC 105
FnuDI GGICC 272
Hhgl GGCC 66
Mnil GGCC 253
Mnnil GGCC 311
Ngoll GGCC 312
NgoPIl GGICC 266
NgoSI GGCC 313
Nlal GGCC 314
Pail GGCC 127
Pall GGICC P 315,316
Ppul GGCC 127
Sfal GGICC 317
SpiTll GGCC 318
r357
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Enzyme' Isoschizomers Recognition? Me? Commercial* Reference
Sequence site source
Sual GGICC 319
Sull GGCC 320
TspZNI GGCC 121
TreAl GGCC 322
Tinl GGCC 102
Vhal GGCC 128
Vnil GGCC 149
Hgal GACGC(5/10) N 217,296,323
HgiAl GWGCWIC N 324
AspHI GWGCWIC M 325
Uba211 GWGCWIC 38
HgiCl GIGYRCC 12,326
Banl Gi1GYRCC GIMNPU 5,326
Eco501 GGYRCC 129
Eco641 GIGYRCC 226,327
Ecol681 GGYRCC 187
Ecol691 GGYRCC 129
Ecol711 GGYRCC 51
Ecol731 GGYRCC 51
Eco1951 GGYRCC 187
Espll GGYRCC 48
Espbl GGYRCC 69
Espol GGYRCC P
EsplOl GGYRCC 69
Esplll GGYRCC P
Espl21 GGYRCC 69
Espl31 GGYRCC 69
Espldl GGYRCC 9
EsplSI GGYRCC 129
Esp221 GGYRCC 129
HgiHl GIGYRCC 13
HgiENl ACCNNNNNNGGT 12
Hgill GRGCYIC 13
Banll GRGCYIC GIMNPRU 5
Bspl17l  GRGCYC 33
Bsu18541 GRGCY!C 277
Bwul GRGCY!IC 328
Cfrasl GRGCYC 47
Eco241 GRGCYIC 157,329
Eco251 GRGCYC 157
Eco261 GRGCYC 44
Eco351 GRGCYC 157
Eco681 GRGCYC 227
Ecol131 GRGCYC 187
Ecol1801 GRGCYC 51
Eco2111 GRGCYC 33
Eco2151 GRGCYC 173
Eco2161 GRGCYC 173
Eco2321 GRGCYC 48
EcoT381 GRGCYC 112
EcoT88I GRGCYC 330
EcoT931 GRGCYC 330
EcoT951 GRGCYC 330
r358
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Enzyme' Isoschizomers Recognition? Me? Commercial® Reference
Sequence site source

KoxIl GRGCY!IC 177

Hhal GCGIC 2(5) ABGNPRU 331,332
Bcal GCGC 28

Cfol GCG1IC BIMR 126

FnuDIII GCG1IC 272

Hin6l GICGC 333

HinTl GCGC 15

HinGUI GCGC 289,334

HinP11 GICGC N 335

HinS11 GCGC 335

HinS21 GCGC 335

MnnlV GCGC 311

SciNI GICGC 336

Hindll GTYIRAC 5(6) M 337-340
Chull GTYRAC 341

Hinl1601 GTYRAC 282

Hinl1611 GTYRAC 282

Hin]CI GTYIRAC 342

Hincll GTYIRAC ABGINPRU 343

Mnnl GTYRAC 31

HindIll AtAGCTT 1(6) ABGIMNPRU 337,338,344
Asp521 AAGCTT 188

Bbri AAGCTT 66

Bpel AAGCTT 345,346

BstF1 ATAGCTT 347

G321 AAGCTT 47

Chul AAGCTT 341

Eco651 AAGCTT 227

Eco981 AAGCTT 227

Eco188I1 AAGCTT 187

Eco2311 AAGCTT 48

EcoVIl AlAGCTT 348

HinSI AAGCTT 15

Hin1731 AAGCTT 289
Hinl076I1 AAGCTT 282

HinJCII AAGCTT 342

HinbIll AAGCTT 66,349

Hinfll AAGCTT 350

Hsul ATAGCTT 66

Mkl AAGCTT 253

Hinfl GIANTC ABGIMNPRU 349,351,352
CwBI GtANTC 353

CvCl GANTC 353

CwDI GANTC 353

CviEl GANTC 353

CwviFl GANTC 353

CviGI GANTC 353

FruAl G1ANTC 272

Hhall GIANTC 2(6) 354 -356

Ncal GANTC 357

Novl GANTC 357

NsiHI GANTC 358

Hpal GTTIAAC 5(6) ABGIMNPRU 359-361
r359
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Enzyme' Isoschizomers Recognition? Me? Commercial* Reference
Sequence site source

Bsell GTTAAC 303

Hpall CICGG 2(5) BGMNPRU 298,359,360

Asp7481 CCGG 188

Bsp51 CCGG 33

Bsp4T1 CCGG 69

Bsp481 CCGG 69

Bipl16] CCGG 33

Bsu11921 CCGG 65,123

BsuF1 CCGG 1(5) 65,123,279

Finll CCGG 153

Hapll CICGG AGI 296,362

Hin2l CCGG 189

HinSI CCGG 15

Mnill CCGG 253

Mnol CICGG 66,363

Mspl CICGG 1(5) ABGIMNPRU 132,364,365

Secll CCGG 366

SfaGUI CCGG 367

Hphl GGTGA8/7) —2(5) N 349,368,369

NgoBI GGTGA ~2(5) 371,372

Kpnl GGTAC!IC ABGIMNPRU 373,374

Asp7181 GIGTACC M 375

Ecol491 GGTACC 51

Esp191 GGTACC 48

KpnK14] GGTACC 188

Nmil GGTACC 376

Saul0I GGTACC 173

Sthl GIGTACC 371,378

SthAl GGTACC 106

SthBI GGTACC 106

SthCI GGTACC 106

SthDI GGTACC 106

SthEI GGTACC 106

SthF1 GGTACC 106

SthGl GGTACC 106

SthHI GGTACC 106

Sthit GGTACC 106

SthK1 GGTACC 106

SthLI GGTACC 106

SthMI GGTACC 106

SthNI GGTACC 330,377

Ksp6321 CTCTTC(1/4) M 379

Earl CTCTTC(1/4) N 380

Mael CITAG M 381

Mjal CTAG 55

Maell AICGT M 381

Maelll IGTNAC M 381

Mbol® 1GATC BGINP 382

+ Bce2431 1GATC 383

BsaPl GATC 139

Bsp91 GATC 33

Bsp18I GATC 33

+ Bsp491 GATC 69
r360
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Enzyme' Isoschizomers Recognition? Me? Commercial® Reference
Sequence site source
+ Bsp511 GATC 69
+ Bsp521 GATC 69
+ Bsp541 GATC 69
+ Bsp5T1 GATC 69
+ Bsp581 GATC 69
+ Bsp591 GATC 69
+ Bsp601 GATC 69
+ Bsp611 GATC 69
+ Bsp641 GATC 301
+ Bsp651 GATC 69
+ Bsp661 GATC 69
+ Bsp6T1 1GATC 301
+ BspT21 GATC 69
Bsp741 GATC 301
Bsp761 GATC 301
+ Bsp911 GATC 69
Bsp1051 IGATC 301
+ Bsp1221 GATC 69
+ BspAl IGATC 42
+ BsrPll GATC 139
BssGII GATC 139
BstEIN GATC 66,169,384
BstXTl GATC 139
Cpal GATC 306
+ Cpfl tGATC 220
+ CspSI GATC 69
Coyl GATC 281
CviAl IGATC 2(6) 385,386
CviBll GATC 387
CviHl GATC 206
Dpnll GATC 210,212
FnuAll GATC 66,272
FnuCl 1GATC 272
+ FnuEl 1GATC 272
Hacl 1GATC 388
Meul GATC 25
MirAl GATC 389
Mmell GATC 390
Mnolll GATC 66
Mosl GATC 382
Msp6TIl GATC 41
+ MspBI GATC 104
Mthl GATC 139
MthAl GATC 104
Ndell IGATC BG 357
NAAII GATC 265
MfIBI GATC 391
NAl GATC 357
NaDI GATC 56
Niall IGATC 314
NmeCl IGATC 266
Npht IGATC 266
NsiAl GATC 392
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Enzyme'! Isoschizomers Recognition? M3 Commercial* Reference
Sequence site source
NspAl GATC 25
Nsul GATC 57
PRl GATC 365
Riull GATC 173
SalAl GATC 231
SalH1 GATC 231
+ Sau3Al 1GATC 4(5) ABGIMNPRU 393,394
Sau67821 GATC 395
+ SauCl GATC 396
+ SauDI GATC 396
+ SauEl GATC 396
+ SauF1 GATC 396
+ SauGl GATC 396
+ SauMI GATC 397
SinMI GATC 57
Trull GATC 109
Mboll GAAGA@/T) 56) BGINP 382,398 —400
Ncul GAAGA 401
Tcel GAAGA 320
Mfel CAATTG 402
Miul A1CGCGT ABGIMNPRU 285
Apel ACGCGT 21
Ubal ACGCGT 48
Miyl GASTC 7
Mmel TCCRAC(20/18) 390
Mnll CCTCOIr) GN 132,403
Msel TITAA N 404
Mstl TGC1GCA 130,405
Acalll TGCGCA 68
Aosl TGC1GCA G 9
Avill TGC1GCA M 62
Clcl TGCGCA 68
(0711 TGCGCA 61
Fdiml TGCIGCA 101,102
Fspl TGCIGCA GN 74,406
GspAll TGCGCA 103
NspHIIl TGCGCA 62
NspLI TGCGCA 60,61
NspMI TGCGCA 60,68
Mwol GCNNNNN1NNGC 407
Nael GCCtGGC GMNU 408
Amell GCCGGC 27
AniMI GCCGGC 153
ApeAl GCCGGC 27
Apri GCCGGC 25
Eco561 GICCGGC 44,409
EspSI GCCGGC 173
Mist GCCGGC 169
NasW1 GCCGGC 25
Nbal GCCGGC 65
Nbr GCCGGC 65
NgoMl1 GCCGGC 410
NmuF1 GCCGGC 57
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Enzyme' Isoschizomers Recognition? Me? Commercial* Reference
Sequence site source

Nmul GCCGGC 357

NspWI GCCGGC 25

NtaST GCCGGC 105

Pgll GCCGGC 411

Psp611 GCCGGC 41

Rhd GCCGGC 412-414

SacAl GCCGGC 50

SalCl GCCGGC 27

Saol GCCGGC 415

SauAl GCCGGC 391

SauBMKI GCC1GGC 416

Skal GCCGGC 57

Narl GGICGCC BGNP 417
BbeAl GGCGCC 154

Bbel GGCGC!IC A 418

BinSIT GGCGCC 154

Eco781 GGC1GCC 419

Ehel GGCIGCC 420,421

Naml GGCGCC 422

Ndal GGICGCC 423

Nunll GGICGCC G 139

Sfol GGCGCC 153

Ncol CICATGG ABGIMNPR 139
NspSAI  CCATGG 85

Ndel CAITATG BGNP 424
Nhel GICTAGC BGMNPR 376
Nlalll CATG! N 314
Hinlll CATGI 425

Hin811 CATG 15

NlalV GGNINCC N 314
Berl GGNNCC 228

Bsp291 GGNNCC 33

Bssl GGNNCC 71

Rbi31 GGNNCC 48

Nod GCIGGCCGC AGIMNPRU 426,427
Nrul TCGICGA ABGIMNPU 376
Amal TCGCGA 128

Bsp68I TCGCGA 9

SalDI TCGCGA 27

Shol31 TCGICGA 112

Nspl RCATGIY A 59
NspHI RCATG!Y G 76

NspBll CMGICKG G 76
PiMI CCANNNNINTGG N 153
Plel GAGTC(4/5) N 428
PmaCl CACIGTG 429
Bsp8TI CACGTG &9

EcoT2] CACIGTG 430

Pmll CACGTG N 431

PpuM1 RGIGWCCY N 153,432
Uball RGIGWCCY 18

Psil CTGCAIG 5(6) ABGIMNPRU 374,401,433
Ainl CTGCAG 68
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Enzyme' Isoschizomers Recognition? Me? Commercial* Reference
Sequence site source
Ali28821 CTGCAG 122
AliAJI CTGCAIG 434
Asp361 CTGCAG 157
AspT081 CTGCAG 88
AspTl CTGCAG 68
Bbil CTGCAG 11
Beel701 CTGCAG 123
BsplTl CTGCAG 33
Bsp431 CTGCAG 48
Bsp631 CTGCAIG 301
Bsp78I CTGCAG 301
Bsp8il CTGCAG 69
Bsp931 CTGCAG 69
Bsp10T1 CTGCAG 33
Bsp108I CTGCAG 33
BspBI CTGCAIG 42
BsuBI CTGCAG 123,435
Caulll CTGCAG 436
cfl CTGCA!G 388
CfrAdl CTGCA!G 437
Cldl CTGCAG 68
Cstl CTGCAIG 438
EaePI CTGCAG 274
EclTnl CTGCAG 227
Ecl1331 CTGCAG 51
Ecl5931 CTGCAG 188
Eco481 CTGCAG 129
Eco491 CTGCAG 129
Eco831 CTGCAG 227
Ecol611 CTGCAG S1
Ecol671 CTGCAG 51
EspSTl CTGCAG 173
Espl411 CTGCAG 187
Gsell CTGCAG 54
Kpni21 CTGCAG 51
Maul CTGCAG 127
Mird CTGCAG 25
Nasl CTGCAG 105
Ngbl CTGCAG 25
Nocl CTGCAG 376
Pmal CTGCAG 132
Pmaddl CTGCAG 439
Pmyl CTGCAG 440
SalPl CTGCAIG 441,442
sm CTGCAIG 253
Skall CTGCAG 57
Xmall CTGCAG 443
Xorl CTGCAG 444
Xphl CTGCAG 445
Yenl CTGCAIG 446
YenAl CTGCAG 446
YenBI CTGCAG 446
YenClI CTGCAG 446
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Enzyme! Isoschizomers Recognition? Me? Commercial® Reference
Sequence site source
YenDI CTGCAG 446
YenEl CTGCAG 446
Pl CGATICG ABGMNPRU 447
Bmal CGATCG 27,448,449
BmaAl CGATCG 28
BrmaBI CGATCG 27
BmaCl CGATCG 27
BmaDI CGATCG 27
sl CGATCG 3
Drdill CGATCG 223
EcOl CGATCG 450
Nbll CGAT!CG 132
Rshl CGATICG 451
Rspl CGATCG 452
Xmil CGATCG 453
XmiAl CGATCG 453
Xnil CGATCG 311
Xorll CGATICG B 444 447
Pwdl CAGICTG 44) ABGIMNPRU 447,454
Bavl CAGICTG 455
Cfr6l CAGICTG 44) 43,44 454
Gspl CAGCTG 68
Mzil CAGCTG 456
NmeRI CAGCTG 457
Sbal CAGCTG 330,377
SaAll CAGCTG 68
Rsal GTtAC ABGIMNPRU 458
Csp6l GTAC 129
CviQl GITAC 459
Rsrl CGIGWCCG BGN 460
Gpol CGGWCCG 27
Cspl CGGWCCG 461
Sacl GAGCT!C AGIMNPRU 462
Ecl13601 GAGICTC 18
Ecl13T1 GAGCTC 187
EcolCRI GAGCTC 127
NasSI GAGCTC 105
Scol GAGCTC 415
Ssl GAGCTIC B 463,464
Sacll CCGCIGG INPRU 462
AosIll CCGCGG 62
Bacl CCGCGG 66,310
Bspl2l CCGCGG 3
M CCGCGG 46
[0 CCGCGG 46
21 CCGC1GG 14
CFra3l CCGCGG 47
Cras CCGCGG 47
Cscl CCGC1GG 465
DrdAl CCGCGG 223
DrdBl CCGCGG 223
DrdCl1 CCGCGG 223
DrdE1 CCGCGG 466
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Enzyme' Isoschizomers Recognition? Me? Commercial* Reference
Sequence site source
DrdF1 CCGCGG 223
DrdGl CCGCGG 467
Dspll CCGCGG 48
Eccl CCGCGG 66,468
Ech8l CCGCGG 157
EcB3T1 CCGCGG 52
Eco551 CCGCGG 129
Eco921 CCGCGG 227
Eco%1 CCGCGG 227
Eco991 CCGCGG 227
Eco1001 CCGCGG 187
Ecol041 CCGCGG 251
Eco1341 CCGCGG 51
Ecol351 CCGCGG 51
Ecol581 CCGCGG 187
Ecol821 CCGCGG 51
Eco1961 CCGCGG 51
Eco2081 CCGCGG 33
Gall CCGC1GG 388
GeeGLI CCGC1GG 469
Geel CCGCIGG 388
Kspl CCGC1GG 470
Mral CCGCGG G 47
Ngolll CCGCGG 472
NgoDI CCGCGG 216
NgoPIl CCGC1GG 266
NlaDI CCGCGG 56
NlaSI CCGCGG 16
PaeAl CCGC1GG 437,473
Saal CCGCGG 153
Sabl CCGCGG 415
Sakl CCGCGG 50
Shol CCGCGG 474,475
SfA CCGCGG 474,475
Shyl CCGCGG 476
Ssell CCGCGG 54
Ssl CCGCIGG B 463
Tgll CCGCGG 131
Sall GITCGAC ABGIMNPRU 477
HgiClll GITCGAC 12
HgiDIl GITCGAC 12
Koyl GTCGAC 478
Nopl GITCGAC 132
Rhel GTCGAC 128
Rhpl GTCGAC 128
Rrhl GTCGAC 65
Rrol GTCGAC 65
Xam{ GTCGAC 477
Xcil GITCGAC 479
Saul CCITNAGG M 480
Aocl CCITNAGG 62
Axyl CCITNAGG G 481
Bsu361 CCITNAGG N 482
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Enzyme' Isoschizomers Recognition? Me? Commercial Reference
Sequence site source
Cwnl CCITNAGG B 483,484
EciCl CCTNAGG 34
Eco761 CCTNAGG 227
Eco811 CCITNAGG AU 485
Ecol151 CCTNAGG 187
Ecol181 CCTNAGG 187
Msill CCITNAGG 132
OxaNI CCITNAGG 133
Seclll CCTNAGG 366
Scal AGTIACT ABGIMNPRU 486,487
Asp7631  AGTACT 188
BstM1I AGTACT 70
ScrF1 CCINGG GMN 488
Bsp531 CCNGG 69
Bsp731 CCNGG 69
Ecod3l CCNGG 489
Eco5111 CCNGG 129
Eco801 CCNGG 227
Eco851 CCNGG 489
Eco931 CCNGG 227
Eco1531 CCNGG 187
Eco2001 CCNGG 51
Msp6TI CCINGG a1
Ssoll tCCNGG 2(5) 238,490
Sdul GDGCHIC 491,492
Aocll GDGCHIC 62
Bsp12861 GDGCH!IC GNU 66,123,493
Nspll GDGCH!C P 59
Secl CICNNGG 366
Bsall CCNNGG 494
SfaN1 GCATC(5/9) N 137
Sfel CITRYAG 495
Sfil GGCCNNNNINGGCC GINPRU 496
Smal CCCIGGG 3(5) ABGIMNPRU 443,497,498
Ahyl CICCGGG 431
Cfo1 CICCGGG 2(4) 43,44 497
G4l CCCIGGG 499
EclR1 CCCGGG 500
Xoyl CICCGGG 501
Xmal CICCGGG INR 443
SnaBI TACIGTA GMN 502
EdAl TACGTA 34
Eco1051 TACIGTA 18
Eco15811 TACGTA 187
Snal GTATAC 503
Xcal GTAITAC 504
Spel AICTAGT BMNR 376
Sphl GCATGIC ABGIMNPRU 505
Bbul GCATGIC 506
Bpl2ll  GCATGC 33
Pael GCATGIC 507
SpaX1 GCATGC 127
Spll CIGTACG A 318
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Enzyme' Isoschizomers Recognition? Mé Commercial® Reference
Sequence site source
Pful CGTACG 27
Sspl AATIATT BMNR 487
Stul AGGICCT ABGIMNPR 508
Aarl AGGICCT 8) 5
AspT81 AGGCCT 188
Chyl AGGCCT 28
Eco1471 AGGICCT 33,509
Gdil AGGICCT 290
NtaS1 AGGCCT 105
Syl CICWWGG BGMNR 510
: Eco1301 CICWWGG 33,511
Eco20811 CCWWGG 33
EcoT141 CICWWGG A 512
EcoT1041 CCWWGG 512
ShiAl CCWWGG 330
SbiBI CCWWGG 330
SbiCI CCWWGG 330
Tagl TICGA 46) BGIMNPRU 513,514
CviBII TCGA 4(6) 387
m TCGA 513
TthHBSI T1CGA 4(6) A 513,515-517
Tagql17 GACCGA(11/9) 66,518
CACCCA(11/9)
TapasI GTSAC 519
TspEI AATT 520
Tthl11l GACNINNGTC AGINP 521
Aspl GACNINNGTC 470
Fsul GACNNNGTC 415
Nial GACNNNGTC 105
Spim GACNNNGTC 318
Tspl GACNNNGTC 71
Ttel GACNNNGTC 521
nrd GACNNNGTC 521
i1l CAARCA(11/9) 522
Vepl ATITAAT 523
Asel ATITAAT N 180
Asnl ATITAAT 524
Xbal TICTAGA ABGIMNPRU 525
Xeml CCANNNNNNNNNTGG 27
Xhol CITCGAG ABGIMNPRU 526
Abr CITCGAG 527
AspaTl CTCGAG 188
Asp71031  CTCGAG 88
Badl CTCGAG 163
Bofl CTCGAG 163
BbiTll CTCGAG 11
Blul CITCGAG 526
Bsp21 CTCGAG 9
BssH1 CTCGAG 139
BstHI CTCGAG 139
BsiLl CTCGAG 70
BstV1 CTCGAG 5(6) 528,529
BsuM1 CTCGAG 35 123,279
1368
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Enzyme' Isoschizomers Recognition? Me? Commercial® Reference
Sequence site source

Bihl CTCGAG 154

CeA CITCGAG 530

Ddell CTCGAG 66

DrdDI CTCGAG 466

Mcal CTCGAG 88

Mecl CTCGAG 456

Mpul CTCGAG 456

Msil CTCGAG 66,349

PaeRTI CITCGAG 5(6) N 531,532

Pant CITCGAG 127

PfIN1 CTCGAG 28

PAW] CTCGAG 533

Sau32391 CITCGAG 534,535

Sail CTCIGAG 41

Scul CTCGAG 474

Sexl CTCGAG 474

Sgal CTCGAG 474

Sgol CTCGAG 474

Slal CITCGAG 536

Shul CTCGAG 475

Spal CTCGAG 474

Sspal CTCGAG 48

Xpal CITCGAG 526

Xholl RIGATCY GM 131,282,537
AitAl RGATCY 27

Airli RGATCY 228

BstYl RIGATCY N 538

Mfll RIGATCY A 539

Xmalll CIGGCCG 4(5) B 32,540
Aaal CIGGCCG 541

Aaal CIGGCCG 541

BstZI CGGCCG 70

Eagl CI1GGCCG N 542

EclX1 C1GGCCG 543

Eco521 C1GGCCG AU 44,100

Xmnl GAANNINNTTC GN 65,544
Asp7001 GAANNINNTTC M 88

Type Il enzymes
Enzyme Isoschizomers Recognition M Reference
Sequence - site

EcoP151 CAGCAG 565,566
EcoPl AGACC 3(6) 567-571
HinfIll CGAAT 572,573
Hinel CGAAT 574
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FOOTNOTES

1. * signifies that Dpnl and its isoschizomers require the presence of 6-methyladenosine within the recognition
sequence GATC.
2. Recognition sequences are given using the standard abbreviations (575) to represent ambiguity:
R =GorA
=CorT
=AorC
=GorT
=GorC
=AorT
=AorCoT
=GorTorC
=GorCorA
=GorAorT
=AorCorGorT
3. The site of methylation by the cognate methylase when known is indicated as follows. The first number shows
the base within the recognition sequence that is modified. A negative number indicates the complementary strand,
numbered from the 5’ base of that strand. The number in parentheses indicates the specific methylation involved.
(6) = N6-methyladenosine (5) = 5-methylcytosine (4) = N4-methylcytosine.
4. Commercial sources of restriction enzymes are abbreviated as follows:
Amersham (8/88)
Bethesda Research Laboratories (1/89)
Anglian Biotechnology Ltd. (9/88)
International Biotechnologies Inc 9/88)
Boehringer-Mannheim (1/89)
New England Biolabs (2/89)
Pharmacia P-L Biochemicals (2/89)
Promega Biotec (10/88)
United States Biochemical Corporation (2/89)
5. EcoRll isoschizomers fall into two classes based upon their sensitivity to methylation. EcoRII will not cleave
when the second cytosine in the recognition sequence is methylated to 5-methylcytosine whereas Myal will cleave
such a sequence. Isoschizomers of EcoRII that are like Mwal are indicated by +.
6. Mbol isoschizomers fall into two classes based upon their sensitivity to methylation. Mbol will not cleave
when the recognition sequence contains 6-methyladenosine whereas Sau3Al will not cleave when its recognition
sequence contains S-methylcytosine. Isoschizomers of Mbol that are like Sau3Al are indicated by +.
7. Tagqll differs from other restriction enzymes in recognizing two distinct sequences: GACCGA(11/9) and
CACCCA(1119).

ZU<KWI gL RZ <

cmvZZI—QW>

Alphabetical listing of Type Il restriction enzymes

Aaal (Xmalll) Aazacl (BamHI) Aszel (BamHI) Aam]

Aatl (Stul) Aatll Abrl (Xhol) Acal (Asull)
Acall (BamHI) Acalll (Mstl) AcalV (Haelll) AccEBI (BamHI)
Accl Accll (FruDII) Acclll (BspMII) Acrtl (Aval)
Acrll (BstEIl) Acyl Acyll Aeul (EcoRID)
Afll (Avall) Aflll AflII Ahal (Caull)
Ahall (Acyl) Ahalll Ahyl (Smal) Aimi

Ainl (Pstl) Ainll (BamHI) AitAl (XholD) Aitl (Eco47H)
Aitll (Xholl) Alil122571 (BamHI) Ali122581 (BamHI) Ali28821 (Pstl)
ALIATT (Pstl) Alil (BamHI) Alul Alwl (Binl)
AlwNI AlwXI (Bbvl) Amal (Nrul) Amel (ApaLl)
Amell (Nacl) Anil AniMI (Nael) Aocl (Saul)
Aocll (Sdul) Aorl (EcoRID) Aosl (Msth) Aosll (AcyD)
AosTHI (Sacll) Apal ApalLl ApeAl (Nae)
Apel (MIul) Aprl (Nael) Apul (Asul) Apyl (EcoRID
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Aqul (Aval)
AsplI (Caull)
Asp6971 (Avall)
AspT708I (Pstl)
AspT63I (Scal)
AspBII (Aval)
AspDII (Avall)
AspTIl (BamHI)

Bco331 (Haelll)
Bepl (FnuDII)
BinSI (EcoRID)
Blol

BmaBI (Pvul)
Bme 1421 (Hael)
Bmel

BsaAl

BsaPl (Mbol)
BsePI

BshDI (HaeIIT)
BsmAl

Bsp103I (EcoRII)
Bsp108I (Pstl)
Bsp1201 (Apal)
Bsp12I (SacIl)
Bsp18I (Mbol)
Bsp22l (GsuD)
Bsp30I (BamHI)
Bsp48I (Hpall)
Bsp511 (Mbol)
Bsp551 (Caull)
Bsp591 (Mbol)
Bsp631 (Pstl)
Bsp67I (Mbol)
Bsp701 (FnuDII)
Bsp741 (Mbol)
Bsp811 (Pstl)
Bsp8I (Caull)
Bsp98] (BamHI)
BspBI (Asul)
BspRI (HaclIl)
Bsrl

BssGl (BstX1)

Bssl (NlaIV)
BstBI (Asull)

Asel (Vspl)
Asp36l (Pstl)
Asp7001 (XmnlI)
AspT718I (Kpnl)
Asp78l (Stul)
AspClI (Aval)
AspHI (HgiAI)
AspTTIl (HaeIIl)
Asulll (AcyD)
AtuBVI

Aval

Avill (Msth)
Bac36] (Asul)
BamF1 (BamHI)
BamN=xI (Avall)
Bavl (Pvull)
Bbell

Bbil (Pstl)

Bbrl (HindIII)
Beel2291
Bee711 (Haelll)
Bcll

Bco35I (Gsul)
B,

BinSII (Narl)
Blul (Xhol)
BmaCl (Pvul)
Bme2051

Bpel (HindIIT)
BsaBI

Bscl (Clal)
BshAI (Hacelll)
BshEI (Haelll)

Bsml
Bsp1051 (Mbol)
Bsp1161 (Hpall)
Bspl211 (SphI)
Bspl21l
Bsp2111 (Haelll)
Bsp28l (Gsul)
Bsp431 (Pstl)
Bsp491 (Mbol)
Bsp521 (Mbol)
Bsp561 (EcoRID
Bsp51 (Hpall)
Bsp64l (Mbol)
Bsp68I (Nrul)
Bsp711 (Haelll)
Bsp761 (Mbol)
BspR21 (Asull)
Bsp911 (Mbol)
Bsp91 (Mbol)
BspHI

BspXI (Clal)
BstPI

BssGIl (Mbal)
BssPI

BstCl (Haclll)

Asell (Caull)
Aspa71 (Xhol)
Asp7031 (Xhol)
Asp742] (Haelll)
AspAl (BStEID
AspClIl (Avall)
Aspl (Tth111D)
AstWI (Acyl)
Amll (EcoRID)
AwClI (Bell)
Avall

Avrl (Aval)
Bacl (Sacll)
BamHI

Banl (HgiCD
BbeAl (Narl)
BbeSI

Bbill (Acyl)
BbvI

Bce145791
BeeFI (FnuDII)
Beml (Clal)
Berl (NlalVv)
Bglll

Bl1a79201 (BspMII)
Blull (Haelll)
BmaDI (Pvul)
Bme2161 (Avall)
Bprl

Bsal (Eco31I)
Bsel (Haelll)
BshBI (HacelIl)
BshF1 (HaellI)
BsoPl (BsePIl)
Bsp106] (Clal)
Bsp1171 (HgifII)
Bsp122] (Mbol)
Bsp16l (EcoRV)
Bsp211 (Cfr10D)
Bsp291 (NlalV)
Bsp461 (BamHTI)
Bspdi (Clal)
Bsp53I (ScrFT)
Bsp571 (Mbol)
Bsp601 (Mbol)
Bsp651 (Mbol)
Bsp6l (FnudHI)
Bsp72I (Mbol)
Bsp781 (Pst)
Bsp84l (Clal)
Bsp921 (Xhol)
BspAl (Mbol)
BspMI

BspXII (Bell)
BsrPI1 (Mbol)
BssHI (Xhol)
Bst311 (BstELD)
BstDI (BstEIT)

Asnl (VspD)
Asp521 (HindllI)
Asp7071 (Clal)
Asp7481 (Hpall)
AspBI (Aval)
AspDI (Aval)
AspTl (Pstl)
Asul

AtuAl

AmlAMI
Avalll

Avrll

Badl (Xhol)
BamKI (BamHI)
Banll (HgJIN)
BbeAll
Bbf74111 (BspMII)
Bbilll (Xhol)
BbvIl

Bcel701 (Pstl)
BceRI (FnuDII)
Benl (Caull)
Bdil (Clal)

Binl

Blil (Haell)
BmaAl (Pvul)
Bmal (Pvul)
Bme8991

Bpul

Bsall (Secl)
Bsell (Hpal)
BshCI (Haelll)
Bshl (Haelll)
Bsp100I (Avall)
Bsp1071 (Pstl)
Bspl191 (Asull)
Bsp12861 (Sdul)
Bsp171 (Pstl)
Bsp2261 (Haelll)
Bsp21 (Clal)
Bspd71 (Hpall)
Bsp501 (FnuDIl)
Bsp541 (Mbol)
Bsp58I (Mbol)
Bsp611 (Mbol)
Bsp66l (Mbol}
Bsp6ll (Eco57I)
Bsp731 (ScrFI)
Bsp71 (Caull)
Bsp&7t (PmaCl)
Bsp93i (Psth
BspBI (Pstl)
BspMII

BsrHI (BsePl)
BssCI (Haelll)
BssHII (BsePI)
BstAl

BstEl
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BstENl BstEIll (Mbof) BstF1 (HindIII) BstGl (Bell)
BstGIl (EcoRII) BstHI (Xhol) Bstl (BamH]I) Bsul (Haelll)
BstKI (Bcll) BstLI (Xhol) BstMI (Scal) BstNI (EcoRII)
BstOl (EcoRII) BstPI (BstEII) BstQI (BamHI) BstRI (EcoRV)
BstSI (Aval) BstTI (BstXI) BstUI (FnuDII) BstVI (Xhol)
BstW1 (EcoNI) BstX1I BstXII (Mbol) BstYI (Xholl)
BstZI (Xmalll) Bsu 10761 (Haelll) Bsul114] (HaellI) Bsul 1451
Bsu11921 (Hpall) Bsul19211 (FnuDII) Bsul11931 (FnuDII) Bsul2591
Bsu15321 (FnuDII) Bsul8541 (HgiJlI) Bsu36! (Saul) Bsu66331 (FouDII)
BsuBI (Pstl) BsuEIl (FnuDII) BsuF1 (Hpall) BsuMI (Xhol)
BsuRI (HeeIll) Bthl (XhoI) BthIl (Binl) Bl (Avall)
Bvul (HgiJI) Call CauB3I (BspMII) Caul (Avall)
Caull Caulll (Pstl) Cerl (Xhol) Cdi271 (EcoRID)
Cell (BarnHI) Celll (EspD) Ceql (EcoRV) CAIl (Pstl)

Cfol (Hhal) Cfr101 Cfr1 11 (EcoRII) Cfr13I (Asul)
Cfr14l (CfrD) Cfr191 (BstEIl) Cfr201 (EcoRI) Cfr221 (EcoRII)
Cfr231 (Asul) Cfr241 (EcoRII) Cfr251 (EcoRIT) Cfr271 (EcoRII)
Cfr28I (EcoRIl) Cfr291 (EcoRID) Cfr301 (EcoRII) Cfr311 (EcoRII)
Cfr321 (HindIIT) Cfr331 (Asul) Cfr351 (EcoRID Cfr371 (Sacll)
Cfr381 (Cfrl) Cfr391 (CfrI) Cfrd01 (Cfr) Cfrd1l (Sacll)
Cfrd2] (Sacll) Cfrd31 (Sacll) Cfr45I (Asul) CfraSIH (SacID)
Cfrd6l (Asul) Cfrd71 (Asul) Cfrd81 (HgilI) Cfrdl (Asul)
Cfr511 (Pvul) Cfr521 (Asul) Cfr541 (Asul) Cfr51 (EcoRID)
Cfrél (Pvull) Cfr71 (BStEIT) Cfr8] (Asul) Cfr9I (Smal)
CfrAdl (PstD) Cfrl CfrNI (Asul) CfrS371 (EcoRID)
Cful (Dpnl) Chil Chul (HindIII) Chull (HindIl)
Chyl (Stul) Clal ClcI (Pstl) Clell (Mstl)
Clil (Avall) Clill (Mstl) Clilll Ciml (Haelll)
Clmil (Avall) Cltl (HaelIl) Clul CpaAl (FnuDII)
Cpal (MboD) Cpel (Bel) Cpfl (MboD) Cpol (Rsrll)
Cscl (SacIl) Csp2l (Haelll) Csp451 (Asull) Csp4l (Clal)
CspS1 (Mbol) Cspél (Rsal) Cspl (Rsrl) Cstl (Pstl)

Csul Cthl (Bell) CthIl (EcoRII) Ctyl (Mbol)
Cvel CviAl (Mbol) CviBI (HinfT) CviCI (HinfT)
CviDI (HinfT) CviEl (HinfT) CviFI (HinfT) CviGl (HinfT)
CviHl (Mbol) Cvil CviJl CviKI (Cvill)
Cvill (Cvil) CviMI (CviJ]) CviNI (Cvill) CviOl (CviJ])
CviPl CviQI (Rsal) CviQI Cvnl (Saul)
Ddel Ddell (Xhol) Ddsl (BamHI) Dmol

Dpnl Dpnll (Mbol) Dral (Ahalll) Drall

Dralll DrdAl (SacIl) DrdBI (Sacll) DrdClI (Sacll)
DrdDI (Xhol) DrdEI (SacIl) DrdFI1 (Sacll) DrdGl (Sacll)
DrdI Drdll Drdlll (Pvul) Dsal

Dsall (Haelll) DsplI (SecIl) E=zel (CftD) EzePl (Pstl)
Eagl (Xmalll) EagKI (EcoRID) EagM] (Avall) Earl (Ksp632D)
Ecal (BstEIl) Ecall (EcoRII) Eccl (Sacll) EciAl (SnaBI)
EciBI (Cfrh) EciCI (Saul) EciDI (Caull) EciEl (Apal)
Ecil Ecl133I (Pstl) Ecl1361 (EcoRll) Ecl13611 (Sacl)
Ecl1371 (Sacl) Ecl1371 (EcoRIT) Ecl281 (Sacll) Ecl371 (SacIl)
Ecl15931 (Pstl) Ecl661 (EcoRIT) EcI771 (Pstl) Ecll

Eclll (EcoRIT) EcUl (Pvul) EclS391 (EcoRID) EclXl (Xmalll)
Eco100I (Sacll) Ecol01I (Eco31I) Ecol104] (Sacll) Ecol051 (SnaBI)
Ecol131 (HguN) Ecol 15! (Saul) Eco1181 (Saul) Ec01201 (Eco31D)
Eco1211 (Caull) Eco125I (Eco57D) Eco1271 (Eco31I) Ecol28I (EcoRll)
Ecol1291 (Eco31I) Eco1301 (StyD) Eco1341 (Sacll) Eco1351 (Sacll)
Eco143I (BsePl) Eco1471 (Stul) Eco01491 (Kpnl) Ecol531 (ScrFl)
Eco1551 (Eco31I) Ecol56! (Eco31D) Eco1571 (Eco31l) Ecol58I (SecIl)
Ecol581 (SnaBI) Eco1591 (EcoRI) Ecol611 (Pstl) Eco162I (Eco31D)
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Ecol64l (Cfr])
Ecol1701 (EcoRII)
Eco1791 (Caull)
Eco1881 (HindIII)
Eco1951 (HgiCI)
Eco2011 (Asul)
Eco2061 (EcoRII)
Eco2111 (HgUIn)
Eco2251 (Eco3il)
Eco2331 (Eco310)
Eco2411 (Eco3ll)
Eco2521 (EcoRI)
Eco321 (EcoRV)
Eco401 (EcoRII)
EcodTI (Avall)
Eco491 (Pstl)
Eco0521 (Xmalll)
Eco60t (EcoRIT)
Eco671 (EcoRID)
Eco721 (PmaCl)
Eco811 (Saul)
Eco88l (Aval)
Eco931 (ScrFT)
Eco981 (HindIIT)
EcoICRI (Sacl)
EcoO44]

EcoRV

EcoT381 (Hgil)
EcoVIIl (HindIII)
Esp11l (HgiCI)
Espl4l (HgiCD
Esp22l (HgiCI)
EspSI (Nael)
Esp8I (BsePI)
Fbal (Beil)

Finl

FnudHI

FnuDI (Haelll)
Fokl

Fspl (Mstl)

Fsul (Tthi1ll)
Gdil (Stul)

Ginl (BamHI)
Gselll (BamHI)
Gspl (PvulD
Haell

Hapll (Hpall)
HgiBI (Avall)
HgiDI (AcyD)
HgiFI

HgiHIII (Avall)
HgiS211 (Caull)
Hhll

Hin11600 (HindIl)

Hinl[l (NlalIl)
HinSH (Asul)
Hin8I (AcyD
HinHl (Haell)

Ecol671 (Pstl)
Ecol711 (HgiCI)
Ecoi801 (HgiII)
Eco1901 (Caull)
Eco1961 (Sacll)
Eco2031 (Eco31l)
Eco02071 (EcoRID)
Eco215I (Hgilll)
Eco2281 (EcoRI)
Eco02371 (EcoRI)
Eco2461 (Eco31I)
Eco25I (HgilTD)
Eco351 (HgUID)
Eco411 (EcoRID)
Ecod 71l (Asul)
Eco501 (HgiCI)
Eco551 (Sacll)
Eco611 (EcoRII)
Eco681 (HgillD)
Eco761 (Saul)
Eco821 (EcoRI)
Eco90I (Cfrl)
Eco951 (Eco31D)
Eco991 (Sacll)
EcoNI

Eco065!1 (BstEI)
EcoT1041 (StyD)
EcoT88! (Hgil)
Ehel (Narl)
Espl2] (HgiCD)
Espl5I (HgiCD)
Esp2l (EcoRIl)
EspSII (PstD
Esp9l (HgiCl)
Forl (FnudHI)
Finll (Hpall)
FnuAl (HinfT)
FnuDI

Fsal

Fspll (Asull)
Gall (Sacll)
Gdill

GoxI (BamHI)
GspAl (Avall)
Gsul

Haelll

Hcul

HgiCl

HgiDI (Sall)
HgiGI (AcyD)
Hgill (Avall)
Hhal

Hin10561 (FnuDII)
Hin116111 (HindIT)
Hin2I (Hpall)
HinSII (HindIIT)
Hin8I (Nlalll)
HinJCI (HindII)

Eco168I (HgiCI)
Ecol731 (HgiCI)
Eco1821 (Sacll)
Ecol1911 (Eco31I)
Ecol1961I (Asul)
Eco2041 (Eco31I)
Eco208I (Sacll)
Eco2161 (HgiJII)
Eco2311 (HindIIT)
Eco2391 (Eco31I)
Eco2471 (Eco31D)
Eco261 (HgUTI)
Eco38I (EcoRIT)
Eco421 (Eco31D)
Ecod 711

Eco511 (Eco31D)
EcoS6I (Nael)
Eco641 (HgiCl)
Eco70I (EcoRIT)
Eco78I (Narl)
Eco831 (Pstl)
Eco911 (BstEIT)
Eco961 (Sacll)
EcoCKI
EcoO1091 (Drall)
EcoRI

EcoT14] (StyD)
EcoT931 (HgU)
Erpl (Avall)
Esp131 (HgiCD)
Esp191 (Kpnl)

Fsfl (EcoS71)
FspMI (FnuDII)
GeeGLI (Sacll)
Gdol (BamHI)
Gsel (Asul)
GspAll (MstD)
Hacl (Mbol)
Hagl

Hgal

HgiCll (Avall)
HgiEI (Avall)
HgiHl (HgiCl)
Hgilll

Hhall (HiniT)
Hinl105611
Hin1731 (HindIII)
Hin3I (Caull)
Hin61 (Hhal)
HinGUI (Hhal)
HinJCO (HindIIT)

Ecol691 (HgiCh
Ecol78I (EcoRV)
Eco1851 (Eco31])
Eco1931 (EcoRlIl)
Eco200I (ScrFI)
Eco2051 (Eco31D
Eco2081I (Styl)
Eco2171 (Eco31D)
Eco02321 (HguI)
Eco02401 (Eco31l)
Eco241 (HglIN)
Eco311

Eco391 (Asul)
Eco431 (ScrFI)
Eco481 (Pstl)
EcoS5111 (ScrFI)
Eco571

Eco651 (HindIIT)
Eco711 (EcoRID)
Eco80I (ScrFI)
Eco85I (ScrFr)
Eco92I (Sacll)
Eco971 (Eco31I)
EcoHI (Cfrl)
Eco0341

EcoRII

EcoT221 (Avalll)
EcoT95I (HgilID
EsplOI (HgiCI)
Esplall (Pstl)
Espll (HgiCI)
Espdl (AflID)
Esp7l (BsePI)
Espll

Fdill (Mstl)
Fnud8I

FnuCI (Mbol)
FnuEl (Mbol)
Fspl16041 (EcoRII)
FspMSI (Avall)
Geel (Sacll)
Ggll

Gsell (Pst)
GspAIll

Hael

Hapl

HgiAl

HgiCIl (Salh)
HgiEll

HgiHIl (AcyD)
HgiKl

Hhgl (Haelll)
Hinl076111 (HindIII)
Hinll (Acyl)

Hin51 (Hpall)

Hin7lI (Hhal)
HinGUII (FokI)
HinP1I (Hhal)
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HinS11 (Hhal)
Hindll

Hijal (EcoRV)
Hsal

KoxI (BstEIl)
Kpnl21 (Pstl)
Kpn2l (BspMIT)
Ksp6321

Lspl (Asull)
Maul (Pstl)
Mcal (Xhol)
MIII (Xholl)
MisI (NacD)
Mkr] (Pstl)
Milul

Mnil (HeelIl)
MnnIl (HeeIIl)
Mnoll (MnnIII)
Mpul (Xhol)
Msel

Msp671 (Mbol)
Mstl

MvaAl (FnuDII)
Mvnl (FnuDII)
Naml (Narl)
NasBI (BamHI)
Nbal (Nael)
Ncil (Caull)
Ndel

NfIBI (Mbol)
Ngbl (Pstl)
NgoDII (Dpnl)
NgoMI (Nael)
Nhel

Nlal (Haelll)
NlaSI (Sacll)
NmeCI (Mbol)
NmelV

NmuDI (Dpnl)
Nmul (Nael)
Nopll

Nphl (Mbol)
NsiHI (HinfT)
NspBII

NspEI

NspHII (Avall)
Nsplll (Aval)
NspLI (Mst])
NspMACI (BglIl)
NspSAIII (Ncol)
NsuDI (Dpnl)
NtaSII (Nael)
OwNI (Alul)

HinS2I (Hhal)
HindIIl

Hpal

Hsp2I (Avall)
KoxlI (HgilD)
Kpn13] (EcoRII)
Kpn30! (BsePI)
Kspl (Sacll)
Mael .
Mbol

Mecl (Xhol)
Mfol (Avall)
Mjal (MaeD)
Milal (Asull)

Nfll (Mbol)
NgoBI (Hphl)
Ngol (Haell)
NgoPII (Haelll)
NlaDI (Mbol)
Nlall (Mbol)
NlaSIl (Acyl)
Nmel

Nmil (Kpnl)
NmuEI (Dpnl)
NmuSI (Asul)
Notl

Nrul

Nsil (Avalll)
NspDI (Aval)
NspFI (Asull)
NspHII (Mst)
NsplV (Asul)
NspLI (Asul)
NspMI (Mstl)
NspSAIV (BamHI)
Nsul (Mbol)
Nunl

Oxal (Alul)
Pec1811 (Caull)
Pail (Haelll)
PlAI (FruDII)
PAIWI (Xhol)
Plel

HinblIl (HindIIT)
Hinfl

Hpall

Hsul (HindlII)
Koyl (Sall)
Kpnl41 (EcoRIl)

Mrol (BspMII)
Msill

MspBI (Mbol)
MthAl (Mbol)
Muvil

Mzil (Pvull)
Nanll (Dpnl)
NasS! (Sacl)
Nbrl (Nacel)
Ncul (Mboll)
NfIAI (EcoRYV)
Nfll

NgoDI (SacIl)
Ngoll (Haelll)
NgoPIll (Sacll)
NlaDII (Asul)
Nlalll

NIl (Aval)
Nmell

NmuAI (Aval)
NmuEIll (Asul)
Nocl (Pstl)
Novl

NsiAl (Mbol)
NspAl (Mbol)
NspDII (Avall)
NspGlI (Avall)
Nspl

NspJI (Asull)
NspLHI
NspSAI (Aval)
NspV (Asull)
Ntal (Tthi11I)
Nunll (Narl)
Oxall

PacAl (Sacll)
Pall (Haelll)
Pfll

Pful (SpiD)
Pmad4] (Pstl)

Hincll (HindII)
Hinfll (Hind!I)
Hphl

Kox16SI (EcoRID)
Kpn10I (EcoRII)
Kpn16l (EcoRIl)
KpnK 141 (Kpal)
Lpnll

Maelll

Mbvl

Mfel

Mgl

Mkil (HindIII)
Mit (Alul)
Mmell (Mbol)
Mnnl (HindIl)
Mnol (Hpall)
Mphl (EcoRlI)
Mscl (Ball)
Msp671 (ScrFI)
Mspl (Hpall)
Mthl (Mbol)
Myill

Nael

Narl

NasWI (Nael)
Ncal (Hinfl)
Ndal (Narl)
NflIAIl (Mbol)
NfHI

NgoDII

Ngolll (Sacll)
NgoSI (Haelll)
NlaDIII (Sacl)
NlalV

NIl (Avall)
Nmelll
NmuAIl (Avall)
NmuFI (Nael)
Nopl (Sall)
Novll (HinfT)
NsiCl (EcoRV)
NspBI (Asull)
NspEI (Aval)
NspHI (Nspl)
Nspll (Sdul)
NspKI (Avall)
NspLIV
NspSAII (BstEIT)
NspWI (Natl)
NtaS] (Stul)
Owl (Alul)
OxaNI (Saul)
Pael (Sphl)
Panl (Xhol)
PAMI

Pgll (Nael)
PmaCl
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Sfel

Sfol (Narl)
Sgrl

SinAl (Avall)
SinEI (Avall)
Sinl (Avall)
Sisl

Slul (Xhol)
Snol (ApaLl)
SpaXI (Sphl)
Spill (Tth111D)
Ssel (Bell)
Sspl1 (Asull)
SspX1I

SstIV (BelD)
SthDI (Kpal)
SthHI (Kpnl)
SthLI (Kpnl)
Stul

Tagl

TAI (Taqh)
Tmull (Caull)
Tsp451

TteAl (Haelll)
TthHBSI (Taql)
Uba21l (HgiAD)
Uur9601 (Fou4HT)
Vnel (Apall)
Xbal

Xcyl (Smal)
Xmall (Pstl)
Xmnl

Xpal (Xhol)
YenCI (Pstl)
Zanl (EcoRII)

SbICI (Styl)
Scal

Scil (Xhol)
Scul (Xhol)
Secll (Hpall)
SfaGUI (Hpall)
Sfil

Sfrl (Sacll)
Sgrll (EcoRII)
SinBI (Avall)
SinFI (Avall)
SinJI (Avall)
Skal (Nael)
Smal

Sodl

Spel

Splill (Haelll)
Ssell (Sacll)
Ssp2l (Caull)
Sstl (Sacl)
SthAI (Kpnl)
SthEI (Kpnl)
Sthl (Kpal)
SthMI (Kpal)
Syl

Taqll

Tgll (Sacil)
Trul (Avall)
TspEI

Ttel (Tth111I)
Ttnl (Haelll)
Uba26] (BsmAl)
Vanl (Bgll)
Vnil (Haelll)
Xcal (Snal)
Xhol

Xmalll

Xnil (Pvul)
Xphl (Psth)
YenDI (Pstl)

Pmll (PmaCI)
Ppul (Haelll)
Pspl (Asul)
Pvul

Rhpll

Riu3I (NlalV)
Rrbl

Rsal
RspXI (BspHI)
Sabl (Sacll)

Saul2I (Eco31l)
Sau96l (Asul)
Sbal (Pvull)
Sbol13] (Nrul)

Shyl (Sacll)
SinCI (Avall)
SinGI (Avall)
SinMI (Mbol)
Skall (Pst)
SnaBj

Sodll

Sphl

Ssal

Ssol (EcoRI)
Ssp4l (XhoD)
Sstll (SacIl)
SthBI (Kpnl)
SthFl (Kpnl)
Sthul (KpaD)
SthNI (Kpnl)
Sual (Haelll)
TagXl (EcoRIT)
Thal (FnuDII)
Trull (Mbol)
Tspl (Tth111I)
Tth1111

Ttrl (Tthl111)
Ubaddl (ApaLl)
Vhal (Haelll)
Vspl

Xcil (Sall)
Xholl

XmiAl (Pvul)
Xorl (Pstl)
YenAl (Pstl)
YenEl (Pstl)

Pmyl (Pstl)
PpuMI

PssI (Drall)
Pvull

Rhsl (BamHI)
Riu4] (BamHI)
Rrhl (Sall)
Rshl (Pvul)
Rsrl (EcoRI)
SacAl (Nael)
Sakl (Sacll)
SalHI (Mbol)
Sanf
Sau32391 (Xhol)
SauAl (Nael)
SblAI (StyD)
Sbol (Sacll)
SciAl (BstEID)
Scol (Sacl)
Sdyl (Asul)
Sex! (Xhol)
SfaNI

Sfal (Avall)
Sgol (Xhol)
ShyTl

SinDI (Avall)
SinHI (Avall)
SinMII

Slal (Xhol)
Snal

Spal (Xhol)
Spll

Sscl

Ssoll (ScrFT)
Sspl

SstlIl (SacIll)
SthCI (Kpnl)
SthGI (Kpnl)
SthKI (Kpni)
Stml

Sull (Haelll)
Tcel (Mboll)
Tmil

Trulll
TspZNI (Haelll)
Tthil111
Uball (PpuMI)
Uba6l (Mlul)
VneAl (Drall)
Xaml (Sall)
Xcml

Xmal (Smal)
Xmll (Pvul)
Xorll (Pvul)
YenBI (Pst)
Yenl (Pstl)
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