Volume 16, Supplemnent Nucleic Acids Research

Restriction enzymes and their isoschizomers
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INTRODUCTION

Since the last compilation of restriction enzymes (1), 156 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

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).

Several enzymes appear in this list with revised names. These revisions were made to
avoid confusion with existing enzymes or to increase the uniformity of the names. In each case
the name changes were made with the approval of the appropriate authors. The specific
changes are as follows. EagKI replaces Eagl (5) and AniMI replaces Anil (130}, since the latter
names had been used for other enzymes. Nspl-V replaces Nsp(7524)I-V (6). This had already
been used in many publications and catalogs. CviQI replaces Cuill (7) to show that this enzyme
comes from a strain different from that encoding Cuvil.
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Type Il enzymes
Enzyme! Isoschizomers Recognition? Me? Commercial4 Reference
Sequence site source
Aatll GACGTIC MNRU
Accl GTIMKAC ABGIMNPRU 9
Acyl GRICGYC 10
Ahall GRICGYC N 1
Aosll GRICGYC 12
AstW1 GRICGYC 13
Asulll GRICGYC 13
Bbill GRICGYC A 14
HgiDI GRICGYC 15
HgiGI GRICGYC 15
HgiH1I GRICGYC 16
NIiaSII GRCGYC 17
Afl0 CITTAAG AGN 18
Afiil AICRYGT G 18
Ahalll TTTLAAA 19
Dral TTTIAAA ABGIMNPRU 20
Alul AGICT 3(5) ABGIMNPRU 17,21-24
Miil AGICT 25,26
Otul AGCT 27
OtuN1 AGCT 28
Oxal AGCT 29
AhoNI CAGNNNICTG N 30
Apal GGGCclc 4(5) BGIMNPRU 31,32
ApaLl GLlTGCAC AGN 33
Amel GTGCAC 27
Snol GITGCAC 3435
Vnel GITGCAC 36
Asyl GIGNCC P 37
Apul GGNCC 38
Bac36 GIGNCC 38
BspBII GIGNCC 39
Cfrl GGNCC 4144

Cf8t GGNCC 4144
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Enzyme! Isoschizomers
Cfr13l
Cfr231
Cfr331
Cfra51
Cfrasl
Cfra71
CfNI
Eco391
Eco4711
Mijall
NhLDII
NmuEIl
NmuSI
NspIV
Pspl
Sau961
Sdyl
Asull
BstBI
Fspll
Lspl
Mial
NspV
NspBI
Awl

Avrl

BstS1

Eco88]

Nsplll

NspSAI
Auwall

Recognition2

Sequence

GIGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GlGNCC
GGNCC
GIGNCC
GGNCC
TTICGAA
TTCGAA
TTICGAA
TTICGAA
TTLCGAA
TTCGAA
TTCGAA
CLYCGRG
CLYCGRG
CYCGRG
CLYCGRG
CYCGRG
CLYCGRG
CLYCGRG
Glgwce
Glowcec
GGWCC

Me3 Commercial4
site

4(5)

1(5)

Reference
source
AU 40,41
42
43
43
43
43
45
46
47
48
49
50
51
R 6
52
BGMNP 53
54
GP 1355
N 56
57
3435
58
AR 6
5
ABGIMNPRU 60,61
62,63
64
56
65
R 6
66
ABGIMNPR 60,61,67,68
18
69
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Enzyme! Isoschizomers Recognition? Me3  Commercial Reference
Sequence site  source
BamN, I Gclowcc 70-72
Bme2161 Glgwce 73,74
Btil GGWCC 75
Caul clewcee ' 76,77
CimIl GGWCC 78
EagMI Glewcc 79
Eco471 Glgwcce U 47,80
Erpl Glewcec 38
Fdil Glgowcc 81,82
FspMSI GlGwcc 38
GspAl GGWCC 83
HgiBI Glgowce 15
HgiCll clgowcc 15
HgiEl GlGowcc 15
HgiHIIl Glewcc 16
HgiJl Glowcce 16
NspHII GGWCC 59
Sfnl GGWCC 84
SinAl GGWCC 85
SinBI GGWCC 85
SinCI GGWCC 85
SinDI GGWCC 85
SinEl GGWCC 85
SinF1 GGWCC 85
SinGI GGWCC 85
SinHI GGWCC 85
Sinl Glewcec P 86,87
Sin]l GGWCC 85
Trul GGWCC 88
Avalll ATGCAT G 89,90
EcoT221 ATGCAIT U 91
Nsil ATGCAIT BMNP 92
Avrll CICTAGG N 64,93
Ball TGGICCA 4(5 ABGIN 94,32

BamHI GIGATCC 5(5) ABGIMNFRU 95-97
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Enzymel Isoschizomers Recognition2 Me3  Commercialt Reference
Sequence site  source

Aacl GGATCC 98

Aael GGATCC 98

AccEBI GIGATCC 9

Ali122571 GGATCC 100

Ali122581 GGATCC 100

Alil GIGATCC 101

BamFl GGATCC 102

BamKl GGATCC 102

BamN1 GGATCC 71

Bstl GIGATCC GR 103,104

BstQI GGATCC 56

Cell GGATCC 105

Ddsl GGATCC 106

Gdol GGATCC 98

Ginl GGATCC 107

Goxl GGATCC 98

Mlel GGATCC 25

NasBI GGATCC 25

NspSAIV GIGATCC 66

Rhsl GGATCC 108

Bbul GCAGC(8/12) GIN 97,109-111
AlwXI GCAGC(8/12) 112

Bbull GAAGAC(Q2/6) 113
Bcll TIGATCA ABGIMNRU 114
AtuCl TGATCA 115

BspX1l TIGATCA 116

BstGI TGATCA 117

BstKl TGATCA 56

Cpel TGATCA 118

Cthl TGATCA 119

Fhbal TGATCA 84

Povl TIGATCA 120

Sstlv TGATCA 121

Bgll GCCNNNNINGGC BGIMNPRU 122-125
Vanl GCCNNNNNGGC 126
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Enzymel

Bglll

Binl

BsePl]

BsmAl
Bsml
BspHI

BspMI
BspMII

Bsrl
BstEIl

BstXI

Caull

Isoschizomers  Recognition?
Sequence site

NspMACI

Alwl
Bthll

BsoP1
BsrHI
BssHII

RspXI

Acclll

Kpn2l
Mrol

Bst311
BstDI
BstPI
Cf71
cfrol

Eco911
EcoO65I1
Koxl
NspSAII

BssGl

AIGATCT
AlGATCT
GGATC(4/5)
GGATC(4/5)
GGATC
GCGCGC
GCGCGC
GCGCGC
Glcaeae
GICTC
GAATGC(1/-1)
TICATGA
TICATGA
ACCTGC(4/8)
TICCGGA
TICCGGA
TCCGGA
TICCGGA
ACTGG(/-1)
GIGTNACC
GLGTNACC
GGINACC
GGINACC
GIGTNACC
GGINACC
GGTINACC
GIGTNACC
GGTINACC
GIGTNACC
GIGTNACC
GIGTNACC
CCANNNNNINTGG
CCANNNNNNTGG
CCANNNNNNTGG
CClsGG

Me3 Commercialt

source

ABGIMNPRU

GN

GN

zZ O

AG

BGMNRU

GNP

Reference

122,123,127
128
129
130
131
117
117
117

117,476
132

55

133

134
130,135

130,135
55,136
137

138

27
139,140
35

141

56

142

41

43

143

144
145,146
147

66
117,148
117

117
76,77,149
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Enzyme! Isoschizomers Recognition2 Me?  Commercial* Reference
Sequence site  source
Ahal CClsGG 11
Asell cclsGaG 150
Benl CCisGG 29 A 151-155
HgiS21I CCSGG 156
Nail CCISGG BGMNU 157,158
RshIl CCSGG 73
Cfr101 RICCGGY 250 AU 41,44,155,159
Cfrl Y{GGCCR 4(5) 44,155,160,161
Cfr14t YGGCCR 41
Cfr3sl YGGCCR 42
Cfr391 YGGCCR 43
Cfra01 YGGCCR 43
Eael Y{GGCCR 405 GN 162,163
Eco901 YGGCCR 144
Eco1641 YGGCCR 164
EcoHI YGGCCR 28
Clal ATICGAT ABGMNR 165
Asp7071 ATCGAT 69
BanIIl ATCGAT u 8
Beml ATICGAT 166
Bscl ATICGAT 35,167
Bsp1061 ATICGAT 168
BspXI AT{CGAT 116
Cui)l RGICY 169
CriKl RGCY 170
Cuill RGCY 170
CuviMI RGCY 170
CuiNI RGCY 170
CriOl RGCY 170
Ddel CLTNAG 1(5) BGIMNPRU 171-173
DpnI” GAlTC ABGIMNP 174-176
Chul’ GAlTC 177,178
NanlI® GATC 179
NgoDIII" GATC 180
NmuDI* GATC 50
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Enzyme! Isoschizomers Recognition? Me3  Commercial? Reference
Sequence site  source
NmuEl" GATC 181
NsuDI" GATC 50
Drall RGIGNCCY GM 182-184
Eco0109] RGIGNCCY AGN 185
Pss] RGGNCLCY I 106,186
Dralll CACNNNIGTG MN 182-184
Dsal CIlCRYGG 187
Earl CTCTTC 27
Eco311 GGTCTC(1/5) 188
Eco421 GGTCTC 189
Eco511 GGTCTC 164
Eco951 GGTCTC 191
Eco971 GGTCTC 192
Eco1011 GGICTC 189
Eco1201 GGTCTC 189
Eco1271 GGICTC 190
Eco1291 GGTCTC 190
Eco1551 GGTCTC 189
Eco1561 GGTICTC 189
Eco1571 GGTCTC 189
Eco1621 GGTCTC 190
Ppal GGTCTC 130
Ecod7111 AGCIGCT AU 47
Aitl AGClGCT 193
Eco571 CTGAAG(16/14) 194
Fsfl CTGAAG 195
EcoNIT CCTNNINNNAGG 196
BstWI CCTNNNNNAGG 132
EcoRI GlAATTC 3(6) ABGIMNPRU 197-199
Eco821 GAATTC 191
Eco1591 GAATTC 190
Rsrl GLAATTC 200,201
Ssol GLAATTC 202
EcoRITS ICCWGG 2(5) BG 203-205
Aeul CCIWGG 150
r278
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Enzyme! Isoschizomers RecognitionZ Me3  Commercial4 Reference
Sequence site  source
+ Aorl CCIWGG 98
Apyl CCIWGG M 206
AtuBI CCWGG 207
Atull CCWGG 208
BinSI CCWGG 131
BstGII CCWGG 117
+ BstNI CClWGG N 209
BstOl CCWGG 56
Cdi271 CCWGG 210
Cfrsl CCWGG 4144
Cfrl CCWGG 4144
Cfr201 CCWGG 43
Cfral CCWGG 43
Cfr24l CCWGG 43
Cfr2s1 CCWGG 43
Cfrl CCWGG 43
Cfr28l CCWGG 43
Cfr29l CCWGG 43
Cfr301 CCWGG 43
Cfr311 CCWGG 43
Cfr351 CCWGG 43
CfrS371 CCWGG 156
Cthll CCIWGG 119
EagKI CCWGG 5
Ecall CCWGG ’ 55
Ecl661 CCWGG 192
Ecli CCWGG 211
EclS391 CCWGG 156
Eco381 CCWGG 46
Eco401 CCWGG 46
Eco411 CCWGG 46
Eco601 CCWGG 4“4
Eco611 CCWGG 4
Eco671 CCWGG 191
Eco701 CCWGG 191
1279
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Enzyme!

EcoRV

Espl

Finl
Fnu4HI

FnuDII

Isoschizomers

Eco711

Eco1281
Eco1361
Eco165]

Muwal
Sgrll
TagX1
Zanl

BstRI
Cegl
Eco321
Hjal
Nanl
NfiAI
NsiCl

Celll

Fbrl

BstUl
Bsu119211
Bsu11931
Bsu66331
BsuEIl
FspMI
Hin10561
Monl

CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCIWGG
CCWGG
CcCiwae
CCclwGG
GATIATC
GATATC
GATIATC
GATIATC
GATATC
GATATC
GATATC
GATIATC
GCITNAGC
GCINAG
GTCCC
GCINGC
GCINGC
CGIcG
CGlca
CGCG
CGCG
CGlcG
CGlcG
CGCG
CGCG
CGCG
CGCG
CGCG
CGCG
CGICG

Me3  Commercial4

site

2(4)

source

AU

ABGIMNPRU

AG

Reference

212

190

190

164

213
214,215
216

217

218
219,220
56

221
44,222
477

179

223

224

225

105

9

EEReB 8

102

54,102
102,231
54,232

BB E
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Enzyme! Isoschizomers Recognition2 Me3 Commercialt Reference
Sequence site  source
PfIAI CGCG 27
Thal CcGlca BI 235
Fokl GGATG(9/13) AMN 236
HinGUIl GGATG 237-239
Gdill YGGCCG(-5/-1) 240
Gsul CTGGAG(16/14) 241,242
Hael WGGlccw 238
Haell RGCGClY ABGIMNR 243,244
HinHI RGCGCY 245
Ngol RGCGCY 246
Haelll GGlcc 3(5) ABGIMNPRU 247,248,249
Asp7421 GGCC 156
Bee711 GGCC 250
Biil GGCC 251
Blull GGCC 240
Bsel GGCC 252
BshAl GGCC 8
BshBI GGCC 83
BshClI GGCC 8
BshDI GGCC 8
BshEl GGCC 83
BshFl GGCC 83
Bshl GGCC 8
Bsp711 GGCC 250
Bsp2111 GGlcc 250
Bsp2261 GGCC 250
BspRI GGlcc 253-255
BssClI GGCC 117
BstCI GGCC 117
Bst]l GGCC 56
Bsu10761 GGCC 102
Bsu11141 GGCC 102
BsuRI GGlcc 35 G 248,256,257
Ciml GGCC 78
Clt GGlcc 258
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Enzyme!

Hgal
HgiAl

HgiCl

HgiEll
HgiJll

Isoschizomers

FinSI
FnuDI
Hhgl
Mnil
Mnnll
Ngoll
NgoPII
NgaSl
Nlal
Pail
Pall
Ppul
Sfal
Spln
Sual
Sull
TspZNI
Ttnl

AspHI

EcoS01

HgiHI

Boul

Cfr481
Eco241
Eco251

Recognition? Me* Commercial4
Sequence . site  source

GGlcc
GGCC
GGlce

GGCC

GGCC

GGlCC

GGCC

GGCC

GGCC

GGlcC R
GGCC

GGlcc

GGCC

GGlce

GGCC

GGCC

GGCC

GGCC

GACGC(5/10) N
GWGCWIC N
GWGCWIC

GlGYRCC

GIGYRCC GIMNRU
GGYRCC

GGYRCC

GIGYRCC
ACCNNNNNNGGT
GRGCY!C

GRGCYIC GIMNRU
GRGCY!C

GRGCYC

GRGCYC

GRGCYC

Reference

187
84
27
55
213
259
260
224
49

261
107
262,263
107
264
265
266
267
268

82

108
181,245,269
270
479
15,271
8,271
164
191

16

15

16

&y

210
210

r282
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Enzyme! Isoschizomers Recognition? Me3  Commercial Reference
Sequence site

Eco261 GRGCYC 44

Eco35] GRGCYC 210

Eco68] GRGCYC 192

Eco1131 GRGCYC 189

EcoT38I GRGCYC 91

KoxTl GRGCYIC 147

Hhal GCGlcC 2(5) ABGNPRU 273,274
Beal GCGC 28

Cfol GCGC 106

FnuDIIl GCGlC 227

HinGUI GCGC 237,275

HinP11 GlcGe 276

HinS11 GCGC 276

HinS21 GCGC 276

MnnlV GCGC 259

SciNI GlCcGC 277

HindIl GTYIRAC 5(6) 278-281
Chull GTYRAC 282

Hin11601 GTYRAC 233

Hin11611 GTYRAC 233

Hin]CI GTYIRAC 283

Hincll GTYI{RAC ABGINPRU 284

Mnnl GTYRAC 259

HindIIl ALAGCTT 1(6) ABGIMNPRU 280,281,285
Asp521 AAGCTT 156

Bbrl AAGCTT 55

Bpel AAGCTT 286,287

BstFI AlLAGCTT 288

Cfr32 AAGCTT 43

Chul AAGCTT 282

Eco651 AAGCTT 192

Eco981 AAGCTT 192

EcoVII ALAGCTT 289

Hin1731 AAGCTT 237

Hin1076111 AAGCTT 233

r283
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Enzyme! Isoschizomers

HinJCII
HinbIll
Hinfll
Hsul
Mkl
Hinfl
CuBI
CoviCl
CuviDI
CuiEl
CoiF1
CuviGI
FrnuAl
Hhall
Nal
Novll
NsiHI
Hpal
Bsell
Hpall
Asp7481
Bsu11921
BsuFI

Hphl
NgoBI
Kpnl
Asp7181
Eco1491

Recognition? Me? Commercial
Sequence site  source

ABGIMNPRU

GIANTC
GlANTC 2(6)

GANTC

GANTC

GTTLAAC 5(6)
GTTAAC

clcGG 2(5)
CCGG

CCGG

CCGG 1(5)

ABGIMNPRU

BGMNPRU

CICGG AGI
CCGG

ClCcGG

CclCcGG 1(5)
CCGG

CCGG

GGTGA®B/7) N

GGTGA -2(5)

GGTAC!IC ABGIMNPRU
GIGTACC M

GGTACC

ABGIMNPRU

Reference

55,290
291

55

213
290,292,293
294

294

294

294

294

294

227
295-297
298

298

299
300-302
252
249,300,301
156

54,102
54,102,232
130

245,303

213

55,304
111,305,306
307

308

290,309
49,480
310311

312

190
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Enzyme! Isoschizomers Recognition? Me3  Commercial4 Reference
Sequence site  source
KpnK141 GGTACC 156
Nmil GGTACC 313
SthAl GGTACC 85
SthBI GGTACC 85
SthCl GGTACC 85
SthDI GGTACC 85
SthEI GGTACC 85
SthFl GGTACC 85
SthGl GGTACC 85
"SthHI GGTACC 85
Sthl GIGTACC 85
Sthjl GGTACC 85
SthKI GGTACC 85
SthLI GGTACC 85
SthMI GGTACC 85
SthNI GGTACC 314
Ksp6321 CTCTTC(1/4) 478
Mael ClTAG M 315
Mjal CTAG 48
Maell AlCGT M 315
Maelll IGTNAC M 315
Mbol6 IGATC BGINR 316
+ Bce2431 LGATC 317
BsaPl GATC 117
Bsp64l GATC 250
+ Bsp671 LGATC 250
Bsp741 GATC 250
Bsp761 GATC 250
Bsp1051 lGATC 250
BspAl IGATC 39
BsrPII GATC 17
BssGI GATC 117
BstEIN GATC 55,139,318
BstX1l GATC 117
Cpal GATC 254
+ Cpfl I{GATC 182
r285
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Enzyme! Isoschizomers

CuiAl
CuBll
CuiHI
Dpnll
FnuAll
FnuCl
+ FnuEl
Hacl
Meul
Mmell
Mnolll
Mosl
Msp6711
Mthl
Ndell
NfIAT
NfiBI
Nl
NhbDI
Nhall
NmeCl
Nphl
NsiAl
NspAl

Mboll

Recognition2
Sequence

lGATC
GATC
GATC
GATC
GATC
lGATC
LGATC
{GATC
GATC
GATC
GATC
GATC
GATC
GATC
IGATC
GATC
GATC
GATC
GATC
{GATC
1GATC
IGATC
GATC
GATC
GATC
GATC
GATC
GATC
LGATC
GATC
GATC
GATC
GAAGA@8/7)
GAAGA
GAAGA

Me? Commercial4
site source

26)

4(5) ABGIMNPRU

5(6) BGINR

Reference

319,320
321

170
174,176
55,227
27

227

22

g 8w

316
38
117
298
3
324
298
49
261
24
224
325
25
50
305
196
196
326,327
328
50
88
316,329-331
332
267
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Enzyme! Isoschizomers

Milul

Mmel
Mnll
Msel
Mstl

Avill
Fdill

Fspl

Nael
Amell
AniMI

SauBMKI

Recognition2

Sequence

ALCGCGT
ACGCGT
TCCRAC(20/18)
CCTC@Z/7)
TITAA

GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCclGGe
GCCGGC

Me3 Commerdalt

site

Reference
source

ABGIMNPRU 36
196
323
GN 111,333

110,334

81,82

GN 57.335

SR

2

eR2ERY

e REgafegfenlueiy

r287
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«nzyme! Isoschizomers Recognition? Me* Commerdal Reference
Sequence site  source
Narl GGlcaGec BGN 344
BbeAl GGCGCC 131
Bbel GGCGClC A 345
BinSII GGCGCC 131
Eco781 GGClGee 346
Naml GGCGCC 347
Ndal GGlcaee 348
Nunll GGlcaece G 117
Sfol GGCGCC 130
Ncol CICATGG ABGMNPR 117
NspSAII CCATGG 66
Ndel CAITATG BNR 349
Nhel GICTAGC BGMNPR 313
Nlalll CATGL N 261
NialV GGNINCC N 261
Berl GGNNCC 193
Notl GCIGGCCGC AGMNPRU 350,351
Nrul TCGICGA ABGMNRU 313
Amal TCGCGA 108
SalDI TCGCGA 27
Sbo131 TCGICGA 91
Nspl RCATGLY A 6
NspHI RCATG{Y G 59
NspBII CMGICKG G 59
M1 CCANNNNINTGG N 130
Plel GAGTC(4/5) N 352
PmaCl CACIGTG 353
Eco721 CACIGTG 354
PpuMI RGIGWCCY N 130,355
Pstl CTGCAIG 5(6) ABGIMNPRU 332,356,357
Ali28821 CTGCAG 100
AlAJI CTGCAlG 358
Asp36] CTGCAG 210
Asp7081 CTGCAG 69
Bbil CIGCAG 14
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Enzyme! Isoschizomers Recognition? Me? Commerdial? Reference
Sequence site  source

Bce1701 CTGCAG 102
Bsp63l CTGCAIG 250
Bsp781 CTGCAG 250
BspBI CTGCAlG 39
BsuBI CTGCAG 102,359
Caulll CTGCAG 360
cfll CTGCAIG ky)
CfrA4l CTGCAIG 361
EaePI CTGCAG 229
Ecl771 CTGCAG 192
Eci5931 CTGCAG 156
Eco48I CTGCAG 164
Eco491 CTGCAG 164
Eco831 CTGCAG 192
Eco1331 CTGCAG 190
Eco1411 CTGCAG 189
Eco1611 CTGCAG 190
Eco1671 CTGCAG 190
Maul CTGCAG 107
Mkl CTGCAG 25
Nasl CTGCAG 84
Ngbl CTGCAG 25
Nocl CTGCAG 313
Pmad4l CTGCAIG 361
Pmal CTGCAG m
Pmyl CTGCAG 362
SalPl CTGCAIG 363,364
Sfll CTGCAlG 213
Skall CTGCAG 50
Xmall CTGCAG 365
Xorl CTGCAG 366
Xphl CTGCAG 367
YenAl CTGCAG 368
YenBI CTGCAG 368
YenCl CTGCAG 368
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Enzyme! Isoschizomers

YenDI
YenEI
Yenl

CuQl
Cpol

Eco13611
EcoICRI

Cfra1l
Cfra21
Cfra31

Recognition?
Sequence

CTGCAG
CTGCAG
CTGCAlG
CGATICG
CGATCG
CGATCG
CGATCG
CGATCG
CGATCG
CGATICG
CGATICG
CGATICG
CGATCG
CGATCG
CGATICG
CAGICTG
CAGICTIG
CAGICTG
CAGCTG

GTIAC
GLTAC
CGIGWCCG
CGGWCCG
GAGCTIC
GAGCTC
GAGCTC
GAGCTC
GAGCTC
GAGCTIC
CCGClGG
CCGCGG
CCGCGG

CCGCGG
CCGCGG

site

44)

449

Me3 Commerdial*

source

ABGMNPRU

ABGIMNPRU

ABGIMNPRU

AGIMNPRU

GINPRU

Reference

FISESpnngEgE R

366,369
369,373
374
41,44373375
376

377

7

378

74

379

190

107

55
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Enzyme!

Sall

Isoschizomers

Ec01001
Eco1041
Eco1341
Ec01351
Eco158I]

HgiCTIl
HgiDll

Recognition2 Me3 Commercialt Reference
Sequence gsite  source

CCGCGG 43
CCGCIGG 382
CCGCGG 55,383
CCGCGG 210
CCGCGG 46
CCGCGG 164
CCGCGG 192
CCGCGG 192
CCGCGG 192
CCGCGG 189
CCGCGG 212
CCGCGG 190
CCGCGG 190
CCGCGG 189
CccGelGa ky]
CCGClGG 384
CCGClGG k7]
CCGCGG 185
CCGCGG 180
CCGCGG 386
CCGCIGG 24
CCGCGG 49
CCGCGG 17
CCGClGG 387
CCGCGG 130
CCGCGG 342
CCGCGG 45
CCGCGG 388,389
CCGCGG 388,389
CCGCGG 390
CCGClGG B 380
CCGCGG 109
GITCGAC ABGIMNPRU 391
GITCGAC 15
GITCGAC 15
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Enzyme! Isoschizomers Recognition? Me? Commercial Reference
Sequence site  source
Nopl GITCGAC m
Rhel GTCGAC 108
Rhpl GTCGAC 108
Rril GTCGAC 54
Rrol GTCGAC 54
Xaml GTCGAC 391
Xcil GITCGAC 392
Saul CCITNAGG M 393
Aocl CClTNAGG 87
Axyl : CCITNAGG G 394
Bsu361 CClTNAGG N 395
Conl CCITNAGG B 396,397
Eco761 CCTNAGG 192
Eco811 CCITNAGG AU 398
Eco1151 CCTNAGG 189
Eco1181 CCTNAGG 189
MstIl CCITNAGG 111
OxaNI CCITNAGG 112
Seclll CCINAGG 307
Saal AGTIACT ABGMNPRU 399,400
Asp7631 AGTACT 156
BstMI AGTACT 56
SerFI CCINGG N 401
Eco431 CCNGG 402
Eco5110 CCNGG 164
Eco801 CCNGG 192
Eco851 CCNGG 402
Eco931 CCNGG 192
Eco1531 CCNGG 189
Msp671 CCINGG kY]
Ssoll ICCNGG 2(5 202,403
Sdul GDGCHIC G 404,405
Aocll GDGCHIC 87
Bsp12861 GDGCHIC N 55,102,406

Nspll GDGCHIC R 6
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Enzymel! Isoschizomers Recognition? Me3 Commercial4 Reference
Sequence site  source

Secl CICNNGG 307
SfaNI GCATC(5/9) N 115
Sfil GGCCNNNNINGGCC ~ GNPRU 407
Smal CCClGGG 3(5) ABGIMNPRU 365,408,409
Cfro1 ClCCGGG 2(4) 41,44,375,410

Xcyl ClCCGGG R 411

Xmal ClCCGGG INP 365

SnaBI TACIGTA GMN 412
Eco1051 TACIGTA 13

Eco15811 TACGTA 189

Snal GTATAC 414
Xcal GTAITAC 415

Spel AICTAGT BMN 313
Sphl GCATGIC ABGIMNPRU 416
Pael GCATGIC 417

SpaX1 GCATGC 107

Spil CIGTACG A 265
Pful CGTACG 27

Sspl AATIATT BMN 400
Stul AGGlcCT ABGMNPR 418
Aat] AGGIlCCT 6] 8

Asp781 AGGCCT 156

Chyl AGGCCT 28

Eco1471 AGGCCT 137

Gdil AGGICCT 240

NtaSI AGGCCT 84

Styl ClCWWGG BGNP 419
Eco1301 CCWWGG 137

EcoT141 ClCWWGG A 420

EcoT1041 CCWWGG 420

ShIAT CCWWGG 41

SbIBI CCWWGG 421

ShiC1 CCWWGG 421

Tagl TYCGA 4(6) BGIMNPRU 422,423
CwBlI TCGA 321
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Enzyme! Isoschizomers

T
TthHBSI

Tagl?

Tagll?

Tsp451

TspElL

Tth1111
Fsul
Ntal

Tth11111
Vspl

Xbal
Xhol

Byl
Blul

BssHI
BstHI

BstV1
BsuM1
Bthl

Ddell
Mcal
Mecl
Mpul

PasR71

Recognition?
Sequence

TCGA
TICGA
GACCGAQ11/9)

CACCCA@11/9)
GTSAC

AATT
GACNINNGTC
GACNNNGTC
GACNNNGTC
GACNNNGTC
GACNNNGTC
GACNNNGTC
CAARCA(11/9)
ATITAAT
ATITAAT
TICTAGA
CITCGAG
CITCGAG
CTCGAG
CTCGAG
CTCGAG
CITCGAG
CTCGAG
CTCGAG
CTCGAG
CTCGAG
CTCGAG
CTCGAG
CITCGAG
CTCGAG
CTCGAG
CTCGAG
CTCGAG
CTCGAG

CITCGAG

Me3 Commercial4
site  source

Reference

#6) A

AGINR 310

ABGIMNPRU 432
ABGIMNPRU 433

117
117

435
3(5) 102,232
131
436

376
376
55,290

56) N 437,438
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Enzyme! Isoschizomers Recognition? Me3 Commercial? Reference
Sequence site  source
Panl CITCGAG 107
PfINI CTCGAG 28
PAWI CTCGAG 439
Sau32391 CLITCGAG 440,441
Scil CTCIGAG 38
Scul CTCGAG 388
Sexl CTCGAG 388
Sgal CTCGAG 388
Sgol CTCGAG 388
Slal CITCGAG 442
Slul CTCGAG 389
Spal CTCGAG 388
Xpal CITCGAG 433
Xholl RIGATCY GM 109,233,443
AitAl RGATCY 27
Aitll RGATCY 193
BstY1 RIGATCY N 56
Mfll RIGATCY A 444
Xmalll clGGeeG 45) B 32,445
BstZI CGGCCG 56
Eagl clGGeee N 446
Eco521 clGGeeG AU 34,80
Xmnl GAANNINNTTC GN 54,447
Asp7001 GAANNINNTTC M 69
Type I enzymes
Enzyme Recognition Me site? Reference
sequence
EcoAl GAGNNNNNNNGTCA 26)  -3(6) 448,449
EcoBI TGANNNNNNNNTGCT 3(6) 450-454
EcoDI TTANNNNNNNGTCY 455
EcoDXXI TCANNNNNNNATTC 456,457
EcoKI AACNNNNNNGTGC 458-461
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Enzyme Recognition
sequence
EcoR1241 GAANNNNNNRTCG
EcoR124/3] GAANNNNNNNRTCG
StySBI GAGNNNNNNRTAYG
StySPI AACNNNNNNGTRC
StySQI AACNNNNNNRTAYG
Type IIl enzymes
Enzyme Isoschizomers Recognition
Sequence
EcoP151 CAGCAG
EcoPl AGACC
HinflIl CGAAT
Hinel CGAAT
FOOTNOTES

Me site3
-3(6)
2(6) 4(6)
2(6) -3(6)
Me3
site
3(6)

Reference

5888

Reference

465,466
467-471
472,473

474

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 (475) to represent

ambiguity:

ZU<WIEORZ<S

= GorA

= CorT

= AorC

= GorT

= GorC

= AorT

= AorCorT
= GorTorC
= GorCorA
= GorAorT
= AorCorGorT
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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. 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 (4/87)

Bethesda Research Laboratories (9/87)

Anglian Biotechnology Ltd. (1/88)

International Biotechnologies Inc (7/87)

Boehringer-Mannheim (3/88)

New England Biolabs (3/88)

Pharmacia P-L Biochemicals (3/88)

Promega Biotec (9/87)

United States Biochemical Corporation (2/88)

5. EcoRIl 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 Mual will cleave such a sequence.
Isoschizomers of EcoRII that are like Moal 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 5-
methylcytosine. Isoschizomers of Mbol that are like Sau3Al are indicated by +.

7. Tagll differs from other restriction enzymes in recognizing two distinct sequences:
GACCGA(11/9) and CACCCA(11/9).

C®9ZZT—O0O >

Alphabetical listing of Type II restriction enzymes

Aacl (BamHI) Aael (BamHI) Aatl (StuD)
Aatll Abrl (XhoD AccEBI (BamHI)
Accl Accll (FruDID AcclTl (BspMII)
1 Aeul (EcoRII) Afll (Avall)
AfI Ahal (Caull)
Ahall (Acyl) Ahalll AitAl (Xholl)
Aitl (Ecod71I) Aitll (Xholl) AHI (BamHD
Ali28821 (Pstl) Ali122571 (BamHID) Ali22581 (BamHD
ALAJT (Pst]) Alul ARol (Binl)
AlwNI AhloX1 (Bbol) Amal (Nrul)
Amel (ApalD) Amell (Nael) AniMI (Nael)
Aocl (Saul) Aocll (Sdul) Aorl (EcoRIT)
Aosl (Mst]) AosTI (AcyD Apal
Apall Apel (Mlul) ApeAl (Nael)
Aprl (Nael) Apul (Asul) Apyl (EcoRID)
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Agul (Aval)
Asp361 (Pstl)
Asp781 (Stul)
Asp7031 (XhoD)
Asp7181 (KpnD)
Asp7631 (Scal)
AstWI (AcyD)
Asulll D
AtuCI (Bci
Awlll

Avrll

Bacl (Sacll)
BamHI1
BamNx1 (Avall)
BanHl1 (Clal)
Bbel (Narl)
Bbilll (Xhol)
Bbyll

Bce1701 (Pst])
BeeRI (FnuDID)
Benl (Caull)
Bgll

BinSI (EcoRII)
Blul (XhoD)
BmaAl (Pvul)
BmaDI (Pvul)
BsaPI (Mbol)
Bsell (Hpal)
BshAl (Haelll)
BshDI (Haelll)
Bsml

Bsp631 (Pstl)
Bsp711 (HaeIll)
Bsp781 (PstD)
Bsp2111 (HaelIl)
BspAl (Mbol)
BspHI

BspRI (HaeIIl)
Bsrl

BssCI (HaellD)
BssHI (XhoD)
Bst311 (BstEIl)
BstDI (BstEID)
BstF1 (HindIII)
BstHI (XhoD)
BstLI (Xhol)
BstO1 (EcoRID
BstRI (EcoRV)
BstUI (FnuDID
BstX1

BstZ1 (Xmalll)
Bsu11141 (HaellT)
Bsu11931 (FnuDID
BsuEIl (FnuDII)
BsuRI (Haelll)
Btil (Avall)
Caull

Asel (Vspl)
Asp471 (Xhol)
Asp6971 (AwalD)
Asp7071 (ClaD)
Asp7421 (HaellD)
AspAl (BstEI)
Asul

Atull (EcoRII)
Awml

Avill (Mstl)

gﬂl (Saul)

BamK1 (BamHI)
Banl (HgiCI)
Bavl (Pyull)
Bbil (PstI)

Bbrl (HindII)
Beal (Hhal)
Bce2431 (Mbol)
Bcll

Berl (NlalV)
Belll

BmSI (NarD)
Blull (Haell)
BmaBI (Poul)
Bme2161 (Avall)
Bscl (Clal)
BsePl

BshBI (HaeIll)
BshEI (Haelll)
BsmAl

Bsp64l (MboD)
Bsp741 (Mbol)
Bsp1051 (MboD)
Bsp2261 (HaellD)
BspBI (PstD
BspMI

BspX1 (Clal)
BsrHI (BsePD)
BssGI (BstXD
BssHII (BsePD
BstBI (Asull)
BstEll

BstGI (Bdl)
Bst]I (HaeIll)
BstMI (Scal)
BstP1 (BstEID)
BstSI (Awval)
BstVI (XhoD)
BstXT1 (Mbol)
Bsu361 (Saul)
Bsu11921 (Hpall)
Bsu66331 (FnuDID)
BsuF1 (Hpall)
Bthl (Xhol)
Boul (Hgl]m
Caulll (Pstl)

Asell (Caull)
Asp521 (HindIID
Asp700l (XmnD)
Asp708I (PstD)
Asp7481 (Hpall)
AspHI (HgiAD
Asull

AtuBI (EcoRIT)
Auwall
Avrl (Aval)
Bac36] (Asul)
BamFl1 (BamHI)
BamNI (BamHD
Banll (Hgi]ll)
BbeAl (Narl)
Bbill (AcyD)
Bbol
Bce711 (Haelll)
BceFl (FnuDIID)
Beml (Clal)
Bepl (FrnuDID)
Binl
Bll (HaellD)
Bmal (Pyul)
BmaCl (Poul)
Bpel (HindIIl)
Bsel (HaellD)
Bshl (Haelll)
BshCl (Haelll)
BshFI (Haelll)
BsoPl1 (BsePI)
Bsp671 (Mbol)
Bsp761 (Mbol)
Bsp1061 (Clal)
Bsp12861 (Sdul)
BspBII (Asul)
MII

Bsp
BspXT (Bcll)
BsrPIl (Mbol)
BssGIl (Mbol)
Bstl (BamHI)
BstCI (HaellD)
BstEIl (Mbol)
BstGIl (EcoRID)
BstKI (BclD)
BstNI (EcoRII)
BstQI (BamHI)
BstTI (BstXI)
BstWT (EcoNT)
BstYI (XhoIl)
Bsu10761 (Haelll)
Bsu119211 (FnuDID
BsuBIl (Pstl)
BsuMI (Xhol)
Bthll (Binl)

Caul (Amall)
Cerl (XhoD)
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Cdi271 (EcoRID
Cegl (EcoRV)
cfl

Cfr6l (Poull)
Cfr91 (Smal)
Cfr13l (AsuD
Cfr201 (EcoRII)
Cfr241 (EcoRID)
Cfr281 (EcoRID)
Cfr311 (EcoRID)
Cfr351 (EcoRID)
Cfr39l (CfrD
Cfra2l (Sacll)
Cfr4511 (SacIl)
Cfrd8] (HgiJll)
CfrS371 (EcoRIT)
Chull (HindID
Clml (Haelll)
Cpal (Mbol)
Cpol (RsrIl)
Cthll (EcoRI)
CuiBll (Mbol)
CuviDI (Hinfl)
CviGI (Hinfl)
CviKl (Cvi]D
CuiN1 (Cuvi]D
Conl (Saul)
Dds] (BamHI)
Dral (AhallD)

Dsal

EaeP1 (PstD
EagMI (Awall)
Ecall (EcoRID
Ecl281 (SacID
Ecl771 (PstD)
EclS391 (EcoRID)
Eco26] (Hgi]Ih)
Eco351 (Hgi]Il)
Eco401 (EcoRID
Eco431 (ScrF)
Ecod7101

Eco501 (HgiCl)
Eco521 (Xmalll)
Eco571

Eco64] (HgiCI)
Eco681 (HgiJlD)
Eco721 (PmaCI)
Eco801 (ScrFI)
Eco831 (PstD)
Eco901 (CfrD
Eco931 (ScrFD
Eco971 (Eco31D)
Eco1001 (SecIl)
Eco1051 (SnaBD
Eco1181 (Saul)
Eco1281 (EcoRID)
Eco1331 (PstD

Cell (BamHI)
Cfil (PstD)
Cfral (Asul)
Cfr71 (BstEID
fr101
Cfr14l (CfrD)
Cfr221 (EcoRIN)
Cfr251 (EcoRI)
c/;g] (EcoRII)
Cfr321 (HindIN)
fr371 (Sacll)
Cfrd01 (CfrD
Cfr431 (SacIl)
Cfra6l (Asul)
CfrA4l (Pst])
Cful (Dpnl)

T (StuD)
Clmll (Amll)
Cpel (Bcil)
Cscl (SacID
CuiAl (Mbol)
CvBII (TagD
CoiEl (Hinfl)
CuiHI (Mbol)
Cuvill (Cui]D)
CviOl (Cui]D)
Ddel
Dpnl
Drall
Dsall (Haelll)
Eagl (Xmalll)
Earl
Eccl (SacIl)
Eci371 (Sacll)
Eci5931 (PstD)
Eco24] (Hgi]Il)
Eco311
Eco381 (EcoRIN)
Eco411 (EcoRID
Eco471 (Awall)
Eco481 (PstD)
Eco511 (Eco31D)
Eco551 (SacID)
Eco601 (EcoR1I)
Eco651 (HindII)
Eco701 (EcoRID
Eco761 (Saul)
Eco811 (Saul)
Eco85!1 (ScrFI)
Eco911 (BstEID)
Eco951 (Eco311)
Eco981 (HindIIl)
Eco1011 (Eco31D)
Eco1131 (HgiJl)
Eco1201 (Eco31I)
Eco11 (Eco31D)
Eco1341 (Sacll)

Celll (Espl)
Cfol (HhaD)
Cfr5I (EcoRID
ﬁl (Asul)
Cfr111 (EcoRID)
Cfr191 (BStEIN)
Cfr231 (Asul)
Cfr271 (EcoRIN)
Cfr301 (EcoRID)
Cfr331 (Asul)
Cfr38l (Cfr])
Cfrd1l (Sacll)
Cfrd51 (Asul)
Cfr471 (Asul)
CfrNI (Asul)
Chul (HindII)
Clal

Clt] (HaellD)

Cpfl (Mbol)
Cthl (Bcll)
CuviBI (Hinfl)
CuiCl (Hinfl)
CuiF1 (Hinfl)
Cri]l

CviMI (Coi]D)
CviQl (Rsal)
Ddell (Xhol)
Dpnll (Mbol)
Dralll

Eael (CfD
EagKI (EcoRID
Ecal (BstEID)
EdIl (EcoRII)
Ecl661 (EcoRII)
EclT (Poul)
Eco251 (Hgi]Il)
Eco321 (EcoRV)
Eco391 (Asul)
Eco421 (Eco311D)
Ecod7T1 (Asul)
Ecod91 (PstD
Eco511 (ScrFI)
Eco561 (Nael)
Eco611 (EcoRII)
Eco671 (EcoRID)
Eco711 (EcoRII)
Eco781 (Narl)
Eco821 (EcoRD)
Eco88] (Awmal)
Eco921 (SaclD
Eco961 (Sacll)
Eco991 (SacIl)
Eco1041 (SacIl)
Eco1151 (Saul)
Eco1271 (Eco31D)
Eco1301 (StyD)
Eco1351 (SacIl)
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Ec01361 (EcoRID)
Eco1471 (Stul)
Eco1551 (Eco31I)
Eco1581 (Sacll)
Eco1611 (PstD)
Eco1651 (EcoRII)
EcolCRI (Sacl)
Eco01091 (Drall)
EcoRV

EcoT38I (HgiJll)
Erpl (Avall

Fbrl (FnudHI)
Finl

Fnud4HI

FruCl (Mbol)
FnuDII (Hhal)
Fsfl (Eco57T)
FspMI (FruDID
Gall (Sacll)
Gdil (Stul)

Ginl (BamHI)
GspAll (MstD)
Hael

Hepll (Hpall)

Hin1731 (HindIIl)
Hin1160I (HindIl)
HinGUII (Fokl)
HinJCll (HindIIl)
HinS21 (Hhal)
HindIl

Hinfll (HindIIT)
Hpall

KoxI (BstEI)
KpnK14I (Kpnl)
Lspl (Asull)
Maelll

Mboll

Meul (Mbol)
Mijal (MaeD
Mkrl (PstD)

MU (AluD)
Mmell (Mbol)
Mnll

MnnIV (Hhal)
Mosl (Mbol)
Mral (Sacll)
Msil (Xhol)

71 (Mbol)
Mthl (MboD)
Mzil (Poull)
Nanl (EcoRV)

Eco13611 (Sach)
Eco1491 (Kpnl)
Eco156] (Eco311)
Eco15811 (SnaBI)
Eco1621 (Eco311)
Eco1671 (Pstl)
EcoNI

EcoRI

EcoT141 (StyD)
EcoT1041 (StyD)

Espl

I-'dxpT (Amall)
Finll (Hpall)
FnuAl (Hinfl)
FnuDI (Haelll)
FnuEl (Mbol)
Fspl (MstI)
FspMSI (Awall)
Geel (SaclD)
Gdill

Gox1 (BamHI)
Gsul

Haell

Hgal

H;

HgtiIC)II (AcyD
HgiEll

HgiHII (AcyD)

Hegilll
Hﬂﬂ (HinfD)
Hin10561 (FnuDII)
Hin11611I (HindII)
HinHI (Haell)
HinP1l (Hhal)
HinbIIl (HindII)
HindIIl
Hjal (EcoRV)
Hphl
KoxIl (Hgi]ID)
Kpn2l (BspMII)
Mael
Maul (Pst])
Mcal (Xhol)
(Xholl)
jall (Asul)
1 (Asull)
Miul
Mnil (Haelll)
Mnnl (HindI)
Mnol (Hpall)
Mphl (EcoRID
Mrol (BspMID
Mspl (Hpall)
Mstl
Mual (EcoRID)
Nael
Nanll (Dpnl)

Eco141I (Pstl)

“Eco1531 (ScrFI)

Eco1571 (Eco31D)
Eco1591 (EcoRI)
Ecol641 (CfD
EcoHI (CfrD)
EcoO651 (BstEID
EcoRII
EcoT221 (Awalll)
EcoVII (HindIIl)
Fhal (Bcll)
FdiTl (MstD)
FinSI (Haell)
FnuAIl (Mbol)
FnuDII
Fokl
Fspll (Asull)
Fsul (Tth111D)
GeeGLI (Sacll)
Gdol (BamHI)
GspAl (Awall)
Hacl (Mbol)
Haelll
HgiAl
HgiCll (Apall)
HgiDII (Sall)
HgiGI (AcyD)
HgiHTI (Avall)
HgiS211 (CauIl)
2] (HaeIll)
Hin107611 (HindIIl)
HinGUI (Hhal)
Hin]Cl (HindII)
Hir'511 (Hhal)
Hincll (HindI)
Hinfl

Hpal

Hzl (HindIIl)
Kpnl

Ksp6321

Maell

Mbol

Mecl (Xhol)
MisI (Nael)
MHKI1 (HindIO)
Mlel (BamHI)
Mmel

Mnill (Hpall)
Mnnll (Haelll)
Mnolll (Mbol)
Mpul (XhoD)
Msel

Msp671 (ScrFT)
Mstll (Saul)
Monl (FnuDID)
Naml (Narl)
Narl

r300

Downl oaded from https://acadenic. oup.conm nar/article-abstract/16/suppl/r271/2358541
by Cold Spring Harbor Laboratory user
on 08 November 2017



Nucleic Acids Research

Nasl (PstD) NasBI (BamHI) - NasSI (Sach)
NasW1 (Nael) Nbal (Nael) NbIT (Poul)
Nbrl (Nael) Nal (Hinfl) Nal (Caull)
Ncol Neul (Mboll) Ndal (Nar)
Ndel Ndell (Mbol) )jﬂ (Mbol)
NflAl (EcoRV) (Mbo]) NﬂBI (Mbol)
Ngbl (PstD) Igol (HaeIl) goll (Haelll)
NgoIll (Saclh NgoBI (HphD NgoDI (Sacll)
NgoDUI (Dpnl) NgoMI (Nael) NgoPIl (HaelIl)
NgoPIIl (Sacll) NgoSI (HaellD 1
(Haelll) I (Mbol) Nlalll
NlalV NiaDI (Mbol) NIaDIl (Asul)
NIaDIII (Sacll) NIaSI (SaclD
NIaSIT (AcyD NmeCl (Mbol) Nmil (KpnD
Nr1ul (Nael) NnuDI (DpnD NmuEl (Dpnl)
NmuEIl (Asul) NmuFI (Nael) NmuSI (Asul)
Nocl (PstD Nopl (SalD) Notl
Novll (Hinfl) Nphl (Mbol) Nrul
Nsil (Avalll) NsiAl (Mbol) NsiCl (EcoRV)
NsiHI (Hinfl) Nspl NspHl (Sdul)
Nsplll (Aval) NspIV (Asul) NspV (Asull)
NspAl (MboD) NspBI (Asull) NspBIl
NspHI (Nspl) NspHII (Awell) NspMACI (Bgllh
NspSAI (Amal) NspSATl (BstEI) NspSAII (NcoD
NspSAIV (BamHI) NspW1 (Nael) NsuDI (Dpnl)
Nsul (MboD) Ntal (Tth111D NtaSI (StuD)
NtaSH (Nael) Nunll (Narl) Otul (AluD
OtuNI (Alul) Oxal (AluD) OxaNI (Saul)
Pael &MD PaeAl (Sacll) PaeR71 (XhoD)
Pail (HaeIID) Pall (Haelll) Panl (Xhol)
Pfal (Mbol) PfIAI (FruDI) PAMI
PAINI (XhoD) PIWT (Xhol) Pful (fELD
Pgll (Nael) Plel Pmal D
Pmad4l (PstD) PmaCl Pmy! (PstD
Povl (BelD) Ppal (Eco31D) Ppul (Haell)
PpuMI Pspl (Asul) Psp61I (Nael)
Pssl (Drall) Pstl Pvl
Poull Rhel (Sall) 1 (Sall)
Rhsl (BamHI) Riul (Nael) (SalD)
Rrol (Sall) Raal Rshl (Poul)
Rshll (Caull) Rspl (Poul) RspX1 (B%HD
Rsrl (EcoRD Rsrll Saal (Sac]
Sabl (Sacll) Sacl Secll
SecAl (NaeD Sakd (Sacll) Sall
~ SalAl (MboD) SalCI (Nael) SalDI (Nrul)
SalHI (Mbol) SalP1 (PstD) Saol (Nael)
Saul Sau3Al (Mbol) Saud6l (Asul)
Sau32391 (XhoD) Sau67821 (Mbol) SauAl (NaeD
SauBMKI (Nael) SHAI (StyD) SHiBI D
SHiICT (StyD Sbo131 (Nrul) Shol
Saal Sail (XhoD) SciNI (HRaD)
Scol (Sacl) ScrF1 Scul (Xhol)
Sdul Sdyl (Asul) Secl
SecII (HpalD Seclll (Saul) Sexl (XhoD)
(H;ulI) Sfal (HaeIlD) S
sﬁl 41 (PstD 5fnl (AwmalD)
1 (NarD) 1 (Sacl) gal (Xhol)
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Sgol (XhoD 11 (EcoRID) Shyl (SacIl)
Sinl (Avall) SinAl (Apall) SinBI (Avall)
SinCI (Avall) SinDI (Avall) SinEl (Avall)
SinFl (Avall) SinGI (Avall) SinHI (AmlID
Sin]l (AovalD SinMI (Mbol) Skal (Nael)
Skall (PstD) Slal (XhoD) Slul (XhoI)
Smal Snal SnaBI
Snol (ApalD Spal (XhoD) SpaXI (SphD)
Spel Sphl Spl
Splll (Tth111D Spill (HaellD) Ssol (EcoRI)
Ssoll (ScrFI) Sspl Sstl (Sacl)
Sstll (SacIl) SstIV (Bcll) Sthl D
SthAI (Kpnl) SthBI (Kpnl) SthCl D
SthDI (KpnI) SthEI (Kpnl) SthFI (Kpnl)
SthGI (Kpn SthHI (KpnD) SthJT (KpnD)
SthKI I) SthLI (Kpnl) SthMI (KpnD)
%;r"v Stul Styl
SunI (HacIID Sull (Haelll) Tagl
TagX1 (EcoRID Tcel (Mboll)
T;l‘{ (TaqD (SacIl) Thal (FnuDID)
Trul (AvalD) Trull (Mbol) Tsp451
Z TspZNI (HaellD) Ttel (Tth111D)
Tth1111 1111 TthHBSI (Tagl)
Tinl (HaelID) Tirl (Tth111D Vanl (BgiD
Vhal (Haelll) Vnel (Apall) Vspl
Xaml (Sall) Xbal Xaal (SnaD)
Xcil (Sall) Xcyl (Smal) Xhol
Xholl Xmal (Smal) Xmall (PstD)
Xmalll Xmnl Xnil (Poul)
Xorl (PstD Xorll (Poul) Xpal (Xhol)
Xphl (PstD) Yenl (PstD) YenAl (Pstl)
YenBI (Pst]) YenC1 (Pst]) YenDI (Pstl)
YenEI (PstD Zanl (EcoRIN)
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