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Restriction enzymes and their isoschizomers

Richard J.Roberts
Cold Spring Harbor Laboratory, Cold Spring Harbor, New York, NY 11724, USA

INTRODUCTION

Since the last compilation of restriction enzymes (1), 261 new
entries have been added including 16 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, including those of unknown recognition sequence,
is presented in the second Table. A copy of the restriction enzyme
database 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, in a form that
is easily reformatted, online through the GENBANK computer
resource. It is also possible to get regular monthly updates, or
specialized versions of the database by electronic mail. For
instance, a file containing the database in a format that can be
used directly by the UWGCG computer software package is
available. Files to support other packages are either available or
in preparation. Enquiries should be directed to
robertsfgcshlab .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
sequence

Me site3 Reference

CfrAl
EcoM
EcoBl
EcoDl
EcoDXXl
EcoEl
EcoKl
£coR124I
£i»R124/3I
SfySBI
•SrySJI
SrySPI
5r>«QI

GCANNNNNNNNGTGG
GAGNNNNNNNGTCA
TGANNNNNNNNTGCT
TTANNNNNNNGTCY
TCANNNNNNNATTC
GAGNNNNNNNATGC
AACNNNNNNGTGC
GAANNNNNNRTCG
GAANNNNN^JNRTCG
GAGNNNNNNRTAYG
GAGNNNNNNGTRC
AACNNNNNNGTRC
AACNNNNNNRTAYG

2(6)
3(6)

2(6)

2(6)

2(6)

-3(6)
-4(6)

-3(6)

-3(6)
-4(6)

-3(6)

616,617
618,619

620-624
625

626,627
628,629

630-633
634
634
635
636
635
637

Type II enzymes

Enzyme1 Isoschizomers Recognition2

Sequence
Me3

site
Commercial4

source
Reference

AatO.
Accl

Acyl

Ajm

Ajna
Agel
Aham

AM

AlwNl
Apa\

ApaU

DsaVl
Fbll

AhdO.
AosW
AstWl
Asum
BbiU
Hgil
HgiDl
HgiGl
HgiHE
Hinll
HinSl
NlaSU
SspTa
5^?Min
SspM2U

Esp4l
Vha464l

Dral

MM
Otul
OtuNl
Oxal

Bspl201
EciEl

Ahv44l
Amel
Srwl
Vne\

GACGTtC
GTtMKAC
GTMKAC
GTtMKAC
GRtCGYC
GRtCGYC
GRtCGYC
GRtCGYC
GRtCGYC
GRtCGYC
GRtCGYC
GRtCGYC
GRtCGYC
GRtCGYC
GRtCGYC
GRCGYC
GRCGYC
GRCGYC
GRCGYC
GRCGYC
CtTTAAG
CtTTAAG
CITTAAG
AtCRYGT
AtCCGGT
TTTtAAA
TTTtAAA
AGtCT
AGtCT
AGCT
AGCT
AGCT
CAGNNNtCTG
GGGCCtC
GtGGCCC
GGGCCC
GtTGCAC
GtTGCAC
GTGCAC
GtTGCAC
GtTGCAC

3(5)

4(5)

EGMNOPRSUVX
ABEGIKMNOPRSUVX

EMRV
GN

AK

OU

AGKNU

GMU

ABEGIKMNOPRSUVX
ABEGIKMNOPRSUVX

N
BEGIKMNOPRUVX

AEGKNX
O

MV

5
6
7
8
9

10
11
12
12
13
14
15
15
16
17
18
19
20
20
20
21
22
8

21
23
24
25

26-29
30,31

32
33
34
35

36,37
38
39
40
41
32

42,43
44
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Enzyme1 Isoschizomers Recognition2

Sequence
Me3

site
Commercial4

source
Reference

Asul

AsuU

Aval

AhaBU
Apul
Bac36l
So/2281
BavAR
Bcelll
BshKl
BspBU
Cfr4l
Cfi%\
Q r 131
Cfr231
Cfi-331
CfiA5\
CfiAO.
CfrAJi
Cfr52l
Cfr54l
CfrM
Eco2>9\
Eco4J0.
Ecol96E
£co201I
Gsel
HinSn
MjaU
Msp24l
MthTl
NlaDU
NmuEa
NmuSl
NspIW
NspLa
Pde\2l
Psel
Pspl
Sau961
SauBl
Sdyl

Acal
Avil
Biml9l
BpuHl
BsiCl
BspSll
Bspl\9l
BstBl
Csp451
FspU
Lspl
Mlal
NspV
NspBl
NspFl
NspJl
Sfitl
%-1839I
Sspll
Sspl52l

Aai
AmaSll

GIGNCC
GIGNCC
GGNCC
GIGNCC
GIGNCC
GIGNCC
GIGNCC
GtGNCC
GtGNCC
GGNCC
GGNCC
GtGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GGNCC
GIGNCC
GGNCC
GtGNCC
GGNCC
GGNCC
GtGNCC
GGNCC
GGNCC
TTtCGAA
TTCGAA
TTCGAA
TTtCGAA
TTtCGAA
TTCGAA
TTCGAA
TTCGAA
TTICGAA
TTtCGAA
TTtCGAA
TTtCGAA
TTtCGAA
TTCGAA
TTCGAA
TTCGAA
TTCGAA
TTICGAA
TTCGAA
TTICGAA
TTCGAA
CIYCGRG
CYCGRG
CtYCGRG

4<5) AKOU

BEGMNRVX

N
R

V

AKOPU

M

ABEGKMNOPRSUVX

45
8
46
46
14
47
8

48
49

50,51
50,51
50,52

53
54
54
54
54
55
56
57
58
59
60
60
61
18
62
8
63
64
65
66
67

68,69
8
70
71
72
73
74

12,75
76,77

70
8
8
78
79
55

80,81
82
83

42,43
84
67
85
61

69,77
86
87
88
87

89,90
77
8
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Enzyme1 Isoschizomers Recognition2

Sequence
Me3

site
Commercial4

source
Reference

Avail

Aqul
AsjpBI
AspCl
AspDl
Avrl
Bcol
BstSl
Ecom
Nlil
NmuAl
Nspm
NspDl
NspEl
NspSM

Afll
AspGm
Asp745I
AspBU
AspCU
AspDU
SamNxI
BmelSl
Bm>2l6l
fisplOOI
flspJ105I
Btil
Caul

cm
ClmQ
DsaW
EagMl
EaATl
Erpl
Fdil
FspMSl
GspAl
HgiBl
HgiCH
HgiEl
HgiHUl
HgiSl
Hspll
Kz/A9l
MJbl
Mlil
MspAl

mm
NmuAIl
NspDU
NspGl
NspKa
NspKl
Sftil
Sghl835l
Sinl
SinM
SinBI
SinCl
SinDl
SinEl
SinFl
SirtGl
Sinm

CtYCGRG
CYCGRG
CYCGRG
CYCGRG
CYCGRG
CtYCGRG
CtYCGRG
CYCGRG
CYCGRG
CYCGRG
CtYCGRG
CYCGRG
CYCGRG
CtYCGRG
GtGWCC
GtGWCC
GGWCC
GtGWCC
GGWCC
GGWCC
GGWCC
GtGWCC
GtGWCC
GtGWCC
GGWCC
GGWCC
GGWCC
GtGWCC
GGWCC
GGWCC
GtGWCC
GtGWCC
GtGWCC
GtGWCC
GtGWCC
GtGWCC
GGWCC
GtGWCC
GtGWCC
GtGWCC
GtGWCC
GtGWCC
GGWCC
GtGWCC
GGWCC
GGWCC
GGWCC
GGWCC
GGWCC
GGWCC
GGWCC
GGWCC
GGWCC
GGWCC
GGWCC
GtGWCC
GGWCC
GGWCC
GGWCC
GGWCC
GGWCC
GGWCC
GGWCC
GGWCC

1(5)

PV

ABEGDCMNPRSVX

OU

4(5) RSV

91,92
85
85
85
93
94
80
95
85
85
67
85
%
97

89,90,98,99
21
100
14
85
85
85

101-103
104

105,106
38
107
108

109,110
68
111
7

112,113
59,114

46
115,116

46
78
15
15
15
16
16
55
8

117
118
117
85
85
85

69,77
85

68,69
119
87

70,120,121
122
122
122
122
122
122
122
122
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Enzyme1

AvaYa

AvrO.
Ball

Bamm

Bbvl

BbvU

Bcefl
Bcgl3

Isoschizomers

SinJl
Trul

EcoT22l
Nsil
Ubal1031
Zsp2I

Mscl
Msp20I

Aacl
Aae\
AcaU
AccEBl
Ainil
Alii
/4//12257I
/4//12258I
AspTU
BamFl
BamKJ
BamNl
Bcal2591
Bcel'511
Bcol0278I
Bnal
Bsp30l
Bsp46l
Bsp9Sl
Bstl
Bstl\26l
&/2464I
&T2902I
BstQl
flsu90I
&«8565I
&u8646I

an
Ddsl
Gdol
Ginl
Gox\
Gsem
MleX
MIULVL

NasBl
NspSATV
PaeYlll
Rhsl
RUAl
Sur2l
UbalWOl

AlwXl
&p423I
t*«2llO9I

Bbsl
Bbvl6l
BspVl

Recognition2

Sequence

GGWCC
GGWCC
ATGCAT
ATGCAIT
ATGCAIT
ATGCAtT
ATGCAtT
CtCTAGG
TGGtCCA
TGGtCCA
TGG1CCA
GtGATCC
GGATCC
GGATCC
GGATCC
GtGATCC
GGATCC
GtGATCC
GGATCC
GGATCC
GGATCC
GGATCC
GGATCC
GGATCC
GGATCC
GtGATCC
GGATCC
GtGATCC
GGATCC
GGATCC
GGATCC
GtGATCC
GGATCC
GGATCC
GGATCC
GGATCC
GGtATCC
GGATCC
GGATCC
GGATCC
GGATCC
GGATCC
GGATCC
GGATCC
GGATCC
GGATCC
GtGATCC
GGATCC
GtGATCC
GGATCC
GGATCC
GGATCC
GtGATCC
GGATCC
GCAGQ8/12)
GCAGC(8/12)
GCAGC
GCAGC
GAAGAC(2/6)
GAAGAC
GAAGAC(2/6)
GAAGAC
ACGGC(12/13)
GCANNNNNNTCG

Me3 Commercial4

site source

G
KOU
BEMNRVX

N
4(5) ABEGKNRSVX

N

5(4) ABEGIKMNOPRSUVX

5(5)

GPV

2(5),-2(5) EGINX

Reference

122
123

124,125
126
127
128

8
93,129
37,130
32,131

8
132-135

136
136
77

137
77

138
139
139
77

140
140
102
87

141
142

143,144
38
79
38

145,146
87
87
87
80

141
142
142
77

147
136
148
136
61
30

8
30
97
60

149
150

8
151

134,152-154
155
156
157
158
159

8
156
160
161
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Enzyme1 Isoschizomers Recognition2

Sequence
Me3

site
Commercial4

source
Reference

Ben

BgtV

Bgia

Binl

BpulOl
BsaAl

BsaBl

BsePl

Bsil
Bsml
BsmAI

BspCl
BspCl
BspHl

BspMl
BspMU

BsrI
BstEU

AluCI
BsiQl
BspXU
BstG\
BstKI
Cpel
CM
Fbal
Ksp22l
Povl
Ssel
SslJW

VanI

NspMACl

Alwl
BthU

MspYl

Maml

BsoPl
BsrHl
BssHU
EcoH3l
EspTi
EspSl
KpriiOl

Alw261

RspXl

AccUI
Bbfl4in
BbvAm
Bla7920I
BseAl
BsiMl
BsiOl
BsplSl
BspEl
Bsu22l
CauB31
Kpn2\
Mrol

AcrU
AspAI
BsiKl
&T31I
BstDl
BstPl

TIGATCA
TGATCA
TGATCA
TtGATCA
TGATCA
TGATCA
TGATCA
TGATCA
TGATCA
TtGATCA
TGATCA
TGATCA
TGATCA
GCCNNNNINGGC
GCCNNNNNGGC
AtGATCT
AIGATCT
GGATC(4/5)
GGATC(4/5)
GGATC
CCTNAGC(-5/-2)
YACtGTR
YACIGTR
GATNNtNNATC
GATNNtNNATC
GCGCGC
GCGCGC
GCGCGC
GICGCGC
GCGCGC
GCGCGC
GCGCGC
GCGCGC
CTCGTG(-5/- l )
GAATGC(1/-1)
GTCTC(l/5)
GTCTC(l/5)
GCNNtNNGC
CTGGAC
TICATGA
T1CATGA
ACCTGC(4/8)
TtCCGGA
TtCCGGA
TCCGGA
TtCCGGA
TCCGGA
TtCCGGA
TCCGGA
TCCGGA
TtCCGGA
TtCCGGA
TCCGGA
TtCCGGA
TtCCGGA
TtCCGGA
ACTGG(1/-1)
GtGTNACC
GtGTNACC
GtGTNACC
GGTNACC
GGTNACC
GGTNACC
GtGTNACC

BEGIMNOPRSUVX

BEGIMNOPRSUVX

ABEGKMNOPRSUVX

N

N

N
M

EGMNOUVX

EGNOUVX
N

N
G
N
N
AEGKR

MOU
N
BEGMNOPRSUVX

K

162
163
78

164
165
80

166
167
119

n
8

112,168
61

169
170-174

175
171,172,176

177
178
159
179
180
81

181
80

182
165
165
165

165,183
150
79
79

184
185
75

186
156
156
187
188

159,189
159,189
75,190

191
192
191
193
78
78
8

161
141
194

38,195
196
197

198,199
77
43
78

200
80

201
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Enzyme1

&/XI

CauU

Cfii

CfrlOl

Clal

Isoschizomers

CffR
Cfrl9l
Ecal
Eco9H
EcoO65l
Kox\
NspSAR
SciAl

BssGl
BsfTl

Ahal
AseU
Aspll
Bcnl
BspTl
BspSl
Bsp551
Bspi6Tl
EciDl
EcoUll
Eco\19\
Eco\90\
HgiS2\\
HgiSlll
Hiriil
Neil
Paeim
RshU
Ssp2l
Tmull

CfrUl
Cfr3SI
Cfr39l
CfrWl
Eael
EciBl
Eco90I
Ecol&tt
EcoHl

Bsp2\l

Aagl
Apu\6\
AsplOTl
Barim
BbvAR
Bcml
Bdil
fli/411
fi/i'861
BiiRI
Bsd
Bspll
Bsp4l
&p84I
BsplO61
BspDl
BspXl
Bsul5l
Btul

Recognition2

Sequence

GGTNACC
GGTNACC
GtGTNACC
GtGTNACC
GIGTNACC
GGTNACC
GtGTNACC
GGTNACC
CCANNNNNtNTGG
CCANNNNNNTGG
CCANNNNNNTGG
CCtSGG
CCtSGG
CCtSGG
CCSGG
CCtSGG
CCSGG
CCSGG
CCSGG
CCSGG
CCSGG
CCSGG
CCSGG
CCSGG
CCSGG
CCtSGG
CCSGG
CCtSGG
CCSGG
CCSGG
CCSGG
CCSGG
YtGGCCR
YGGCCR
YGGCCR
YGGCCR
YGGCCR
YIGGCCR
YGGCCR
YGGCCR
YGGCCR
YGGCCR
RtCCGGY
RCCGGY
ATtCGAT
ATtCGAT
ATCGAT
ATCGAT
ATCGAT
ATtCGAT
ATtCGAT
ATtCGAT
ATtCGAT
ATtCGAT
ATCGAT
ATtCGAT
ATCGAT
ATCGAT
ATCGAT
ATtCGAT
ATtCGAT
ATtCGAT
ATtCGAT
ATCGAT

Me3

site

5(6)

2(4)

4(5)

4(5)

2(5)

5(6)

Commercial4

source

G

EGMNORUVX

AK

BEGMNOUVX

EGKMNVX

AKMOU

ABEGKMNPRSVX

OU

Reference

50
54

202
203,204

73,205
206
97
77

165,207
165
165

109,110,208
10

209
150

210-215
38
38
79

107
39

216
60

216
217

14
218

219,220
60

105
150
203

51,215,221,222
50
53
54
54

223,224
39

203
150
33

50,51,215,225
203

226,227
228
229
100

5
230
231
232

8
141
233

43,234
38
38
79

235
161
164

229,236
237

Downloaded from https://academic.oup.com/nar/article-abstract/18/suppl/2331/1046019
by Cold Spring Harbor Laboratory user
on 08 November 2017



2344 Nucleic Acids Research, Vol. 18, Supplement

Enzyme1 Isoschizomers Recognition2

Sequence
Me3

site
Commercial4

source
Reference

Cviil

Dde\
DpnV

DraU

Dram
Drdl
Drda
Dsal
Ecil
EcolU

EccATiQ.

£co57I

C$p4I
Lptl
PglB4\

CwXI
CviLl
CWMI
Cv/NI
CWOI

CfuV
NanU*
NgoDUI*
NmuDl*
NmuEl*
NsuDl*
ubaiiom*

£coO109I
Pssl
VneAl

BU491
Bsal
Eco42l
Eco5U
Eco95l
Eco97\
EcolOll
£col20I
Eco1271
£col29I
£col55I
£col56I
Eco1571
Eco1621
£«>185I
£col91I
£«>203I
£co204I
£<»205I
£co217I
£co225I
£co233I
£co239I
£<»24OI
Eco24ll
Eco246l
Eco241\
EcoK4\
Ppal
Sau\2\

Aitl

Bsp6U
Ecol25l
Fsfl

ATCGAT
ATtCGAT
ATtCGAT
RGtCY
RGCY
RGCY
RGCY
RGCY
RGCY
CtTNAG
GAtTC
GAtTC
GATC
GATC
GATC
GATC
GATC
GATC
RGtGNCCY
RGtGNCCY
RGGNCtCY
RGGNCCY
CACNNNtGTG
GACNNNNtNNGTC
GAACCA
CtCRYGG
TCCGCC
GGTCTC(l/5)
GGTCTC
GGTCTC(l/5)
GGTCTC
GGTCTC
GGTCTC
GGTCTC
GGTCTC
GGTCTC
GGTCTC
GGTCTC
GGTCTC
GGTCTC
GGTCTC
GGTCTC
GGTCTC
GGTCTC
GGTCTC
GGTCTC
GGTCTC
GGTCTC
GGTCTC
GGTCTC
GGTCTC
GGTCTC
GGTCTC
GGTCTC
GGTCTC
GGTCTC(l/5)
GGTCTC
GGTCTC
AGCtGCT
AGCtGCT
CTGAAG(16/14)
CTGAAG
CTGAAG
CTGAAG

3(5)

1(5) BEGIMNOPRUVX
ABEGIMNRSVX

EGM
AGKNOUVX
I

EMNX
N

M

N

AKMOU

79
238

8
107,239

240
240
240
240
240

241-243
244-246
247,248

249
250
65
65
65
128

251-253
254

147,255
175

251-253
256
257
258
39
259
141
81
216
150
260
261
216
216
60
60
216
216
216
60
60
216
216
216
216
55
150
38
150
55
55
38
38
8

159
203
59
262
263
203
60
264
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Enzyme1 Isoschizomers Recognition2

Sequence
Me3

site
Commercial4

source
Reference

EcoNl
BsiWl

Ecom
Eco821
Ecol59l
Eco22$l
Eco231\
Eco252l
HalB61
Rsri
Ssol

EcoWJ6

Acc3Sl
Aeul

+ Aori
+ Apy\

Ama
AtuU
AtuB\
BinSl

+ BshGl
+ BsiU
+ Asp56I

%>103I
BstGn

+ flffNI
BstOl
Cdffll
Cfr5l
CfrUl
Cfr20l
Cfi221
CfiQ.41
CfiQSl

Cftm
CfiZ%\
CflQSl
Cfr30l
Cfr3\\
Cfr3S\
CfrS37l
CthU
EagKl
EcaTl
EclU
Ecl66\
£c/136I
£c/137H
&/S39I
Eco3%\
EcoAOl
EaAll
Eco60l
Eco6\l
Ecotm
EcolOl
EcolW
£col28I
£col70I
£«>193I
£co206I
£co207I
Esp2\
Fsp\(M\

CCTNNtNNNAGG
CCTNNNNNAGG
GtAATTC
GAATTC
GAATTC
GAATTC
GAATTC
GAATTC
GtAATTC
GtAATTC
GtAATTC
t CCWGG
CCWGG
CCtWGG
CCtWGG
CCtWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCtWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCtWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCtWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCtWGG

3(6)

2(6)
2(5)

N

ABEGKMNOPRSUVX

BEGOV

M

ENX

265
81

266-268
260
60
55

150
150

8
269-271

272,273
274-276

8
277
136
278
279
203
280
179
281

78
79
38

165
282

80
184

50,51
50,51

54
54
54
54
54
54
54
54
54
54

217
283
284
75

285
261
60

216
217
58
58
58
51
51

260
260
286
60

150
216
38
38
38

287
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Enzyme1 Isoschizomers Recognition2

Sequence
Me3

site
Commercial4

source
Reference

+

EcoRV

Espl

£sp3I
Foul
Finl
FnwXm

FnuDU

Foid

Kox\65l
KpnlOl
Kpnl3l
KpnUl
Kpnl6l
Mlu23OOl
Mphl
Mval
Scgll
SflM
SflZbl
Sgr20I
Slel
SspAl
TaqXl
Zanl

Bspl6l
BstRl
Ceql
Ecdlll
EcoWU
Hjal
Nanl
Nflfld
NsiCl

Ceia
UbaUV2I

Bsp6l
Fbfi
Ispl
Uur960l

AccU
Been
BceRl
Bepl
Bpu951
BspSOl
BsplOl
Bspll6\
BstXJl
BsuUVm
Bsu11931
Bsul5321
&U6633I
& K E I I
CpaX1501
CpaAl
FspMl
Hinl0561
MvaAd
Mvnl
PflAd
Seel
Thai
Tmal

HinGVH

CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCtWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCtWGG
CCtWGG
GATtATC
GATATC
GATATC
GATtATC
GATtATC
GATATC
GATtATC
GATATC
GATATC
GATtATC
GCtTNAGC
GCTNAGC
GCtTNAGC
GAGACG{l/5)
CCCGC(4/6)
GTCCC
GCtNGC
GCtNGC
GCtNGC
GCtNGC
GCtNGC
CGtCG
CGtCG
CGCG
CGCG
CGtCG
CGtCG
CGtCG
CGCG
CGCG
CGtCG
CGCG
CGCG
CGtCG
CGCG
CGCG
CGCG
CGCG
CGCG
CGCG
CGCG
CGtCG
CGCG
CGCG
CGtCG
CGCG
GGATG(9/13)
GGATG

2(4) AKOU

2(6) ABEGIKMNOPRSUVX

EGU
M

N

AEGKVX

1(5)

N

1(5)

M

BI

3(6),-2(6) AEGDCMNUVX

150
60
60

216
216

8
288

289,290
291
292
292
293
294
294
295
2%

297-299
38
80

300
51,301

60
302
249
303
304
305
77

306
79

307
159
308
309
119
181
310
311

6,312
313
140

314,315
8

79
79

107
80
74

74,140
316

140,317
74,318,319

87
320
159
321
117
322
32
77

323
63

324-327
328-330
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Enzyme1 Isoschizomers Recognition2

Sequence
Me3

site
Commercial4

source
Reference

Fsel
GdiU
Gsul

Hael
Haeli

Haem

Bco35l
Bsp22l
Bsp2Sl
&pJ74I

Bmel42l
HinHl
Ngol

AcaW
AsplAlX
AspTXO.
Bo/4751
fla/3006
BcelW
Bco33\
fl/74581
Biml9U
BUI
BluU
Bsel
Bshl
BshAl
BshBl
BshCl
BshDl
BshEl
BshFl
BsiAl
BsiDl
BsiHl
BsplU
Bsp2lll
Bsp226l
BspBRl
BspKl
BssCl
BstCl
flsdl
Bsu10761
&ulll4I
BsuRl
Btel
Clml
CM
Csp2\
DsaU
FinSl
FnuDl
Hhgl
Mnil
MnnU
NgoU
NgoPll
NgoSl
Mai
Pail
PaR
Pde\331
Ppul

GGCCGGICC
YGGCCG(-5/-l)
CTGGAG(16/14)
CTGGAG
CTGGAG
CTGGAG
CTGGAG
WGGICCW
RGCGCIY
RGCtGCY
RGCGCY
RGCGCY
GGtCC
GGCC
GGCC
GGCC
GGCC
GGCC
GGCC
GGCC
GGCC
GGtCC
GGCC
GGCC
GGCC
GGCC
GGCC
GGCC
GGCC
GGCC
GGCC
GGtCC
GGCC
GGCC
GGCC
GGCC
GGtCC
GGCC
GGtCC
GGtCC
GGCC
GGCC
GGCC
GGCC
GGCC
GGtCC
GGCC
GGCC
GGICC
GGCC
GGtCC
GGCC
GGtCC
GGCC
GGCC
GGCC
GGCC
GGtCC
GGCC
GGCC
GGCC
GGtCC
GGtCC
GGCC

3(5)

ABEGKMNOPRSUX

ABEGDCMNOPRSUVX

3(5) G

EPV

331
332

263,333
55
203
38
107
334

335,336
337
338
339

340-342
77
217
77
87
87
343
38
87
8

344
332
345
78
78
78
78
78
78
346
78
78
78
343
343
343
347

348-350
165
165
80
140
140

341,351,352
233
111
353
56
258
119
311
75
288
354
355
304
356
357
148

358,359
8

148
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Enzyme' Isoschizomers Recognition2

Sequence
Me3

site
Commercial4

source
Reference

Hga\
HgiM.

HgiCl

HgiEU
HgUU

Hhal

Sfal
Spim
Sual
Sull
TspZNl
TteM
JM
Vhal
Vnil

AlwlW
Aspm
Bbv\2\
Pph32\5l

AccBU
Banl
EcoSOl
Eco&Xl
£col68I
Eco\691
EcoUll
Eco\13\
Eco\95\
EspU
Esp6l
Esp9l
EsplOl
EspUl
Espl2\
Espl3l
EspM
Espl51
Esp22\
HgiHl
MspB4I
SspM\m

BonU
Bpul
Bspim
Bsp5l9l
Bsu18541
Bvul

Cfr<m
Eco24l
Eco2Sl
Eco26l
Eco35l
Eco6Sl
EcollSl
Eco\SOl
Eco2l\l
Eco2\5l
Eco2\6l
Eco232\
EcoTiZl
£coT88I
£coT93I
£coT95I
KoxU

Bcal

GGICC
GGCC
GGtCC
GGCC
GGCC
GGCC
GGCC
GGCC
GGCC
GACGC(5/10)
GWGCWtC
GWGCWtC
GWGCWtC
GWGCWtC
GWGCWC
GtGYRCC
GtGYRCC
GIGYRCC
GGYRCC
GtGYRCC
GGYRCC
GGYRCC
GGYRCC
GGYRCC
GGYRCC
GGYRCC
GGYRCC
GGYRCC
GGYRCC
GGYRCC
GGYRCC
GGYRCC
GGYRCC
GGYRCC
GGYRCC
GtGYRCC
GtGYRCC
GGYRCC
ACCNNNNNNGGT
GRGCYtC
GRGCYtC
GRGCYC
GRGCYC
GRGCYtC
GRGCYtC
GRGCYtC
GRGCYC
GRGCYtC
GRGCYC
GRGCYC
GRGCYC
GRGCYC
GRGCYC
GRGCYC
GRGCYC
GRGCYC
GRGCYC
GRGCYC
GRGCYC
GRGCYC
GRGCYC
GRGCYC
GRGCYtC
GCGtC
GCGC

NX
NX

M

EGIMNOPUVX

EGIKMNOPRSUVX

2(5) ABEGKNOPRSUX

360
361
362
363
364
365
116
149
175

338,366,367
368
41

369
8

87
15,370

8
5,370

150
260,371

216
150
60
60

216
55
79
79
79
79
79
79
79

150
150

16
8

20
15
16
5

161,372
38
8

316
373

54
184,374

184
51

184
261
216
60
38

203
203

55
126
375
375
375
206

376,377
33
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Enzyme1 Isoschizomers Recognition2

Sequence
Me3

site
Commercial4

source
Reference

HindU

Hindm

Hinfl

Hpal

HpaU

Cfol
dpi 4701
FnuDm
Hin6l
HinTl
HinGin
HinPU
HinSU
HinS2l
MnnlV
SriNI

ChuU.
Hin\ 160D
Mnll61II
MnJCI
Hindi
Mnnl

Asp52l
Asp3O65I
Bbrl
Bpel
BstFl
Cfrill
Chul
EcoViR
Eco65l
£co98I
£col88I
Eco23\l
HinSm
Hin 1731
//inl076m
MnJCII
Hinbm
Hinfn
Hsul
Mai

CWBI
CviCl
CWDI
CWEI
CviFl
CviGl
FnuM
HhaU
Ncal
NovU
NsiHl

BseU
Ssri
SsrB61

Aspl481
BsiSl
Bsp5l
BsjATl
&p48I
&pll6I
BstAOl
Bsull92l
BsuFl

GCG1C
GCGC
GCGtC
GtCGC
GCGC
GCGC
GtCGC
GCGC
GCGC
GCGC
GtCGC
GTYtRAC
GTYRAC
GTYRAC
GTYRAC
GTYtRAC
GTYtRAC
GTYRAC
AtAGCTT
AAGCTT
AAGCTT
AAGCTT
AAGCTT
AtAGCTT
AAGCTT
AAGCTT
AtAGCTT
AAGCTT
AAGCTT
AAGCTT
AAGCTT
AAGCTT
AAGCTT
AAGCTT
AAGCTT
AAGCTT
AAGCTT
AtAGCTT
AAGCTT
GtANTC
GtANTC
GANTC
GANTC
GANTC
GANTC
GANTC
GtANTC
GtANTC
GANTC
GANTC
GANTC
GTTtAAC
GTTAAC
GTTtAAC
GTTIAAC
CtCGG
CCGG
CCGG
CCGG
CCGG
CCGG
CCGG
CtCGG
CCGG
CCGG

BIMRV

5(6)

1(6)

NX

M

ABEGDCNOPRSUVX

ABEGDCMNOPRSUVX

ABEGDCMNOPRSUVX

2(6)

5(6) ABEGDCMNOPRSUVX

2(5) BEGMNOPRSUVX

1(5)

147
87

311
378
18

328,379
380
380
380
354
381

382-385
386
321
321
387
388
354

384,385,389
217
390

75
391,392

393
54

386
394
261
261
216

55
18

328
321
387

75,395
3 %

75
288

395,397,398
399
399
399
399
399
399
311

400-402
403
403
404

405-407
345
408

8
342,405,406

217
78
38
79
79
38

8
74,140

74,140,319

Downloaded from https://academic.oup.com/nar/article-abstract/18/suppl/2331/1046019
by Cold Spring Harbor Laboratory user
on 08 November 2017



2350 Nucleic Acids Research, Vol. 18, Supplement

Enzyme1 Isoschizomers Recognition2

Sequence
Me3

site
Commercial4

source
Reference

Hphl

Kpnl

Ksp632l

Mael

MaeU
MaeUl
MboV
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+

fwn
HapU
Hinll
HinSl
Mnia
Mnol
Mspl
Pde\37l
SecU
SftiGW

NgoBl

Acc65l
AhaB&l
Aspim
Bspnoei
£co1491
Esp\91
KpnKlAl
Nmil
SaulOl
Sthl
SthM
SthBl
SthCl
SthDl
SthEl
Sth¥\
SthGl
SthlU
SthJl
SthKl
SthU
SthMl
SthNl

Eari
Uba11041

Mjal

Bce243I
Bmettl
BsaP\
Bsp9\
BsplSl
Bsp49l
BspSll
Bsp52l
Bsp54l
BspSll
BspSSl
BspS9l
BspWl
Bspf>\\
BspfAl
&p65I
Bsp&A
BspfHl
Bspl2l
BsplAl

CCGG
CICGG
CCGG
CCGG
CCGG
CtCGG
CtCGG
CICGG
CCGG
CCGG
GGTGA(8/7)
GGTGA
GGTACtC
G1GTACC
GtGTACC
GtGTACC
GGTACC
GGTACC
GGTACC
GGTACC
GGTACC
GGTACC
GtGTACC
GGTACC
GGTACC
GGTACC
GGTACC
GGTACC
GGTACC
GGTACC
GGTACC
GGTACC
GGTACC
GGTACC
GGTACC
GGTACC
CTCTTC(l/4)
CTCTTC(l/4)
CTCTTC(l/5)
CtTAG
CTAG
AtCGT
IGTNAC
IGATC
tGATC
GATC
GATC
GATC
GATC
GATC
GATC
GATC
GATC
GATC
GATC
GATC
GATC
GATC
GATC
GATC
GATC
tGATC
GATC
GATC

1(5)

-2(5)
-2(5)

AGK

ABEGKMNOPRSUVX

NVX

ABEGKMNOPRSUVX

M

M
N

M

M
M
BEGKNOPRSVX

159
338,409

218
18

288
75,410

154,411,412
8

413
414

395,415,416
417,418
419,420

8
8

421
107
60
55
217
422
203

423,424
122
122
122
122
122
122
122
122
122
122
122
122

375,424
425
426
427
428
62
428
428
429
430
431
165
38
38
79
79
79
79
79
79
79
79
79
343
79
79
343
79
343
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Enzyme1 Isoschizomers Recognition2

Sequence
Me3

site
Commercial4

source
Reference

Bsplbl
Bsp9U
ftp1051
Bsp\22\
Bsp2O951
ftpAI
BspJ64l
BsrPU
BSSGH

BstEta
BstXll
Btd
Cad
Ccyl
O/11467I
Cpal
Cpfi
Csp5I
O1179I
Ctell80
Ctyl
CviAl
CvMl
DpnU
FnuAU
FnuCl
FnuEl
Had
Kzo91
Meul
MkrAI
MmeU
MnoYO.
Mosl
Msp67ll
MspBl
MM
MthlOATl
MthAl
NdeU
Nfll
NflAU
NflBl
NlaH
NlaDl
NmeO.
Nphl
NsiAl
NspAl
Nsul
PeM03l
Pfal
RluU
SalAl
saim
Sau3Al
Sau61«2\
SauCl
SauDl
SauEl
SauFl
SauC\
SauMl
SinMl

GATC
GATC
tGATC
GATC
tGATC
tGATC
GATC
GATC
GATC
GATC
GATC
GATC
tGATC
tGATC
GATC
GATC
tGATC
GATC
GATC
GATC
GATC
tGATC
GATC
GATC
GATC
tGATC
tGATC
tGATC
tGATC
GATC
GATC
GATC
GATC
GATC
GATC
GATC
GATC
GATC
GATC
tGATC
GATC
GATC
GATC
tGATC
GATC
tGATC
tGATC
GATC
GATC
GATC
GATC
GATC
GATC
GATC
GATC
tGATC
GATC
GATC
GATC
GATC
GATC
GATC
GATC
GATC

2(6)

BGM

4(5) ABEGKMNOPRSUVX

343
79
343
79
8
49
79
165
165

75,198,432
165
433
434
435
87
349
251
79
87
87
320

436,437
240

244,246
75,311

311
311
438
104
30
233
439
75
429
46
117
165
87
117
403
403
303
440
357
64
304
304
441
30
65
142
411
203
265
265

442,443
444
445
445
445
445
445
233
65
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Enzyme1

MboU

Mcrl
M/rf
MM

Mfyl
Mme\
Mnl\
Msel

Mstl

Mwol
Noel

Nari

Isoschizomers

Trull

Nad
Tcel

Apel
Uba6\

Tru9l

AcaUl
Aosl
AviU
OcU

am
FdiU
Fspl
GspAJI
Nspum
NspLl
NspMl

AmeU
AniMl
ApeAd
Apri
Eco56\
EspSl
Mill
NasWl
Nbal
Nbrl
NgoAdV
NgoMl
Nmid
NmUFl
NspWl
NtaSU
PgK
Psp6U
Rlul
SacAd
Sold
Saol
SauM
SauBMKl
Skal
5/ul777I

Bbel
BbeM
BinSU
EcolSl
Ehel
Mctd
Mfyl 131
Naml
Nda\

Recognition2

Sequence

GATC
GAAGA(8/7)
GAAGA
GAAGA
CtGRYCG
CAATTG
AtCGCGT
ACGCGT
ACGCGT
GASTC
TCCRAC(20/18)
CCTC(7/7)
TtTAA
TtTAA
TGCtGCA
TGCGCA
TGCtGCA
TGCtGCA
TGCGCA
TGCGCA
TGCtGCA
TGCtGCA
TGCGCA
TGCGCA
TGCGCA
TGCGCA
GCNNNNNtNNGC
GCCtGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GtCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GtCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCtGGC
GCCGGC
GCCtGGC
GGtCGCC
GGCGCtC
GGCGCC
GGCGCC
GGCtGCC
GGCtGCC
GGtCGCC
GGtCGCC
GGCGCC
GGtCGCC

Me3

site

5(6)

Commercial4

source

BGKNPRSUVX

ABEGIKMNOPRUVX

EGNX
N

X

G
M

U
EGNS

EGKMNOUVX

BEGMNOPVX
AK

OU

Reference

123
429,446-448

65
363
449
450
324
265
55
42

439
154,451

452
8

153,453
77
11
70
77
68

115,116
83,454

78
70

68,69
69,77

455
456

32
159
32
30

51,457
203
198
30
74
74

458
459
403

65
30

119
460
46

461-463
57
32

464
440
465

65
87

466
467
179
179
468

469,470
471

8
472
473
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Enzyme1 Isoschizomers Recognition2

Sequence
Me3

site
Commercial4

source
Reference

Ncol

Ndel
Nhel
Nlam

NlalW

Notl
Nrul

Nspl

NspBU

PJM1

Plel
PntaCl

PpuMl

PshAl
Pstl

NunE
SJbl

Bspl91
NspSAHI

//win
HinSU

AspNl
Bct\
Bsp29l
Bssl
Rlu3l

Amal
Bsp6Sl
MluBH
SalDl
SboUI
Sna32S6l
Spol

NspUl

MspAU

AccBTl
Van9U

BbrPl
BcoM
Bsp&Tl
EcollX
PmO.

Uball
UballO61

AM
/4i/2882I
AUfiJl
Asp36I
A^>708I
AspllSl
AspTl
Bbil
BceMOl
BsplTl
&/)43I
&p63I
&p78I
BspSU
Bsp931
Bsplfm
BsplOSl
BspBl
BsuBl
CauIR

GGICGCC
GGCGCC
OCATGG
CtCATGG
CCATGG
CAtTATG
GtCTAGC
CATGt
CATGt
CATG
GGNtNCC
GGNtNCC
GGNNCC
GGNNCC
GGNNCC
GGNNCC
GCtGGCCGC
TCGtCGA
TCGCGA
TCGCGA
TCGtCGA
TCGCGA
TCGtCGA
TCGCGA
TCGtCGA
RCATGtY
RCATGtY
CMGtCKG
CMGtCKG
CCANNNNtNTGG
CCANNNNtNTGG
CCANNNNtNTGG
GAGTC(4/5)
CACtGTG
CACtGTG
CACtGTG
CACGTG
CACtGTG
CACtGTG
RGtGWCCY
RGtGWCCY
RGGWCCY
GACNNtNNGTC
CTGCAtG
CTGCAG
CTGCAG
CTGCAtG
CTGCAG
CTGCAG
CTGCAtG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAtG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAtG
CTGCAG
CTGCAG

4(6)

5(6)

G

ABEGDCMNOPRUVX

BEGMNPSVX
BEGMNOPRUVX
N

N

ABEGKMNOPRSUVX
ABEGKMNOPUV

R
AKMU
G
G

N

N
K
M

N
N

ABEGDCMNOPRSUVX

165
159
165

8
97

474-476
422
357
477

18
357
181
262
38
81
55

478,479
422
149
79

8
32

126
87

416
67
85
85

8
159

8
128
480
481
482
483

79
484
485

159,486
22

128
487

419,488,489
77

139
490
184
100
14
77
13

140
38
55

343
343

79
79
38
38
49

140,491
492
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Enzyme1 Isoschizomers Recognition2

Sequence
Me3

site
Commercial4

source
Reference

Pvul

Cfll
CfrAAl
CfitU
Clcl
Cstl
EaeVl
Ecrm
£c/133I
Ecl593l
EccASl
EaA9l
Eco83I
Ecol6U
Ecol671
EspSU
Espl41I
GseU
HaIB6H
Kpn\2\
Maul
Mkrl
Nasl
Ngbl
Noel
Pmal
PmaUl
Pmyl
SalPl
Sfll
SkaU
XmaU
Xorl
Xphl
Yenl
YenAd
YenBl
YenCl
YenDl
YenEl

Bmal
BmaPd
BmdSl
BmaCl
BmaDl
Cfr5\l
Drdm
EcUl
ErhB9l
NbO.
PU\9l
Psu\6\l
Rshl
Rspl
SmaAM
SplABl
Ag/3216I
Xgl32lTl
XgB2m
Xg32l9l
Xg/3220I
Xma
XmlM
Xnil
XorU

CTGCAtG
CTGCAtG
CTGCAtG
CTGCAG
CTGCAtG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAtG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAtG
CTGCAtG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAtG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CGATtCG
CGATCG
CGATCG
CGATCG
CGATCG
CGATCG
CGATCG
CGATCG
CGATCG
CGATtCG
CGATtCG
CGATtCG
CGATtCG
CGATtCG
CGATCG
CGATCG
CGATCG
CGATCG
CGATCG
CGATCG
CGATCG
CGATCG
CGATCG
CGATCG
CGATCG
CGATtCG

ABEGKMNOPRSUVX

438
493
494
77
495
313
261
60
217
150
150
261
60
60
203
216
61
8
60
148
30
119
30
422
154
496
497

498,499
288
65
500
501
502
503
503
503
503
503
503
504

32,505,506
33
32
32
32
38
257
507
8

154
8
8

508
509
20
20
87
87
87
87
87
510
510
354

501,504
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Enzyme' Isoschizomers Recognition2

Sequence
Me3

site
Commercial4

source
Reference

Pvun

RleM
Rsal

RsrU

Sad

SacU

Bav\
BavM
Cfr(,\
Ecll
Gspl
Mv\
NmeVS
PvwHKUI
Sbal
SciAJl
SmaMV
So/33351
SplAJV

Afal
Csp6l
CviQl

Cpol
Cspl

Ecll36U
£c/137I
EcolCRl
NasSl
Scol
Sstl

AosUl
Bad
Bac4651
Bspill
Cfr37l
CfiAU
CfiAH
Cfi43l
Cfr45U
Cscl
DrdM
DrdBl
DrdCl
DrdEl
DrdFl
Dspll
Eae46l
Eccl
£c/28I
EcBTl
Eco55l
Ec<m\
Eco96l
Ec<m\
£colOOI
£col04I
Eco\M\
Eco\2,5\
£«?158I
Ecoim
Eco\96\
£co208I
Fscl
Gall
Gcel

CAGtCTG
CAGtCTG
CAGtCTG
CAGtCTG
CAGtCTG
CAGCTG
CAGCTG
CAGCTG
CAGCTG
CAGCTG
CAGCTG
CAGCTG
CAGCTG
CAGCTG
CCCACA(12/9)
GTtAC
GTtAC
GtTAC
GtTAC
CGtGWCCG
CGGWCCG
CGGWCCG
GAGCTtC
GAGtCTC
GAGCTC
GAGCTC
GAGCTC
GAGCTC
GAGCTtC
CCGCtGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCtGG
CCGCGG
CCGCGG
CCGCtGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCtGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCtGG
CCGCtGG

4(4)

4(4)

ABEGKMNOPRSUVX

ABEGIMNOPRSUVX

BEGNX

R
AEGKMNOPRSUVX

B
EINOPRUVX

5CM.511
512
513

50,51,511
8,285

77
514
233
142

375,424
77
20
142
20
515
516
517
150
518
519
32
520
521
22
216
148
119
464

522,523
521
70

75,353
87
38
53
53
17
54
54
524
257
257
257
525
257
55
8

75,526
184
58
150
261
261
261
216
286
60
60
216
60
60
38
527
438
438
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Enzyme1 Isoschizomers Recognition2

Sequence
Me3

site
Commercial4

source
Reference

SaR.

Saul

Seal

ScrFl

GceGU
Kspl
Mral
Ngdm
NgoAJE
NgoDl
NgoPm
NlaDUl
NlaSl
PaeM
Saal
Sabl
Sakl
Sbol
Sfrl
5>303I
5yr382I
Shyl
SseU

Sspmsi
SstU
TgR

Hgicm
HgiDll
Koyl
Nopl
fl/TFI
Rhel
Rhpl
Rrhl
Rrol
Xaml
Xcil

Aocl
Axyl
Bse2ll
Bsu36l
Cvril
EdCl
Ecol&.
Ea&ll
EcollSl
£coll8I
Lmu6Bl
MstU
Oxatil
Seem
SshM

Asp763I
BstMl

Bsp53l
&p73I
DsaV
EaA3l
EcoSlU
£co80I
fco85I
Eco93l
£col53I
Eco200l

CCGCtGG
CCGCtGG
CCGCGG
CCGCGG
CCGCtGG
CCGCGG
CCGCtGG
CCGCGG
CCGCGG
CCGCtGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCtGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCtGG
CCGCGG
GtTCGAC
GtTCGAC
GtTCGAC
GTCGAC
GtTCGAC
GTCGAC
GTCGAC
GTCGAC
GTCGAC
GTCGAC
GTCGAC
GtTCGAC
CCtTNAGG
CCtTNAGG
CCtTNAGG
CCtTNAGG
CCtTNAGG
CCtTNAGG
CCTNAGG
CCTNAGG
CCtTNAGG
CCTNAGG
CCTNAGG
CCtTNAGG
CCtTNAGG
CCtTNAGG
CCTNAGG
CCtTNAGG
AGTtACT
AGTACT
AGTACT
CCtNGG
CCNGG
CCNGG
tCCNGG
CCNGG
CCNGG
CCNGG
CCNGG
CCNGG
CCNGG
CCNGG

EM
G

ABEGIKMNOPRSUVX

M
E
GV

N
B

AKOU

EX

ABEGIKMNOPRSUVX

EGMNOSVX

M

528
529
530
531
532
250
304
64
19

113,493
159
464
57

533,534
533,534

8
87
535
61
87
522
152
536
15
15
32
154
537
149
149
74
74
536
538
539
70
540
541
542

543,544
39
261
545
216
216
8

154
155
413
546

547,548
217
80
549
79
79
7

550
150
261
550
261
216
60

Downloaded from https://academic.oup.com/nar/article-abstract/18/suppl/2331/1046019
by Cold Spring Harbor Laboratory user
on 08 November 2017



Nucleic Acids Research, Vol. 18, Supplement 2357

Enzyme'

Sdul

Seel

SfaNl

Sfel

Sfil
SgrM
Smal

Snal

SnaBl

Spel
Sphl

Sptl

sPn

Sspl
Stul

Styl

Isoschizomers

Msp6Tl
SsoU

AocO.
fitoll25I
Bmyl
Bsp 12861
NspU

BsaJl

BscM

BdiSl

Ahyl
Cfr9l
CfrUl
EclRl
PaeBl
Xcyl
Xmal

Uba\l(ni
Xcal

EciM
Ecol05l
Ecol5m
Sspll
SspMll
SspM2l

Bbul
BsplUl
Pael
SpaXl

Pful
SmaAl
SplM
SspKl

Ami
AspTSl
Chyl
EcolMl
Gdil
NtaSl
Pme55l
Sari
Ssvl
Stel

BssJll
Eco\30l
Eco20m
EcoTHl
£coT104I

Recognition2

Sequence

CCtNGG
tCCNGG
GDGCHtC
GDGCHtC
GDGCHC
GDGCHtC
GDGCHtC
GDGCHtC
CtCNNGG
CtCNNGG
GCATC(5/9)
GCATC
CtTRYAG
CtTRYAG
GGCCNNNNtNGGCC
CRtCCGGYG
CCCIGGG
CtCCGGG
CtCCGGG
CCCtGGG
CCCGGG
CCCtGGG
CtCCGGG
CtCCGGG
GTATAC
GTAITAC
GTAITAC
TACtGTA
TACGTA
TACtGTA
TACGTA
TACGTA
TACGTA
TACGTA
AtCTAGT
GCATGtC
GCATGtC
GCATGC
GCATGtC
GCATGC
CCGC
CtGTACG
CGTACG
CGTACG
CGTACG
CGTACG
AATtATT
AGGtCCT
AGGtCCT
AGGCCT
AGGCCT
AGGtCCT
AGGtCCT
AGGCCT
AGGtCCT
AGGCCT
AGGCCT
AGGCCT
CtCWWGG
CtCWWGG
CtCWWGG
CCWWGG
CtCWWGG
CCWWGG

Me3

site

2(5)

3(5)

2(4)

Commercial4

source

M
EGKNRUX

N
NX

BEGDMOPRSUVX

ABEGIKMNOPRSUVX

O

EINRVX

EGMNVX

OU

BEGKMNORSUX
ABEGIKMNOPRSUVX
R

AK

BEGMNORVX
ABEGIKMNPRVX
OU

BEGMNRVX

U

AK

Reference

46
272,551
552,553

70
87

554
75,140,555

67
413

80
163
556
557
558
559
560

500,561,562
485

50,51,562
233
233
563
564
500
565
427
566
567

39
22

216
20
20
20

422
568
569

38
570
148
32

361
32
20
20
20

548
571

5
217

33
38,572

332
119

8
556
573
573
574

8
38,575

38
576
576
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Enzyme1

Taql

TaqU8

Tfil
Tsp45l
TspEl
r^ll 11

ran in
UbaUOSl
Uba 11081
Vspl

Xbal
Xcml
Xhol

Isoschizomers

£WiB9II
SblAl
SblBl
SblCl

Tfll
7MHB8I

Aspl
Fsul
Nta\
SmaAVL
Spin
SplAU
Tspl
Ttel
Ttri

Asel
Asnl

Abrl
Asp47l
Aspl03l
Badl
Bbfi
Bbim
Blul
Bsp92l
BssW
fisrffl
BstLl
BstVl
BsuMl
Bthl
Ccrl
Cjal
DdeW
DrdDl
Mavl
Meal
Mecl
MlaAl
Mpul
Mrhl
Msil
Ocol
PaeRTl
Panl
PflNl
PflWl
Sa/19741
&M3239I
Sea 18271

Recognition2

Sequence

CICWWGG
CCWWGG
CCWWGG
CCWWGG
TICGA
TCGA
TtCGA
GACCGA(ll/9)
CACCCA(ll/9)
GAWTC
GTSAC
AATT
GACNINNGTC
GACNtNNGTC
GACNNNGTC
GACNNNGTC
GACNNNGTC
GACNNNGTC
GACNNNGTC
GACNNNGTC
GACNNNGTC
GACNNNGTC
CAARCA(ll/9)
GACNNNtNNGTC
TCGTAG
ATtTAAT
ATtTAAT
ATtTAAT
TtCTAGA
CCANNNNN1 NNNNTGG
CITCGAG
CtTCGAG
CTCGAG
CTCGAG
CTCGAG
CTCGAG
CTCGAG
CtTCGAG
CTCGAG
CTCGAG
CTCGAG
CTCGAG
CtTCGAG
CTCGAG
CTCGAG
CtTCGAG
CTCGAG
CTCGAG
CTCGAG
CtTCGAG
CTCGAG
CTCGAG
CTtCGAG
CTCGAG
CTCGAG
CTCGAG
CTCGAG
CtTCGAG
CtTCGAG
CTCGAG
CTCGAG
CTCGAG
CtTCGAG
CTCGAG

Me3

site

4(6)

4(6)

5(6)
3(5)

5(6)

Commercial4

source

BEGIMNOPRSUVX

AK

AEGIKNPVX
M

N
M
ABEGIKMNOPRSUVX
N
ABEGIKMNOPRSUVX

G

X

NX

Reference

8
375
375
375

577,578
578

578-581
75,582

583
584
585
586
587
464
119
20

361
20
81

586
586
588
589
590
591
209
592
593
32

594
595
217
100
191
191

13
594

79
165
165
80

596-598
140,319

179
599
471

75
525
600
100
514
471
514
471

75,395
32

601,602
148
33

603
87

604,605
87
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Enzyme1 Isoschizomers Recognition2

Sequence
Me3

site
Commercial4

source
Reference

XhoU

Xmam

Xmn\

Scil
&/1831I
Scul
Sexl
SjY21A\
Sfu\lf>2l
Sgal
Sgol
5grl841I
Shy 11661
Slal
Slul
Spal
Sphll\91
Ssp41
5vel94I
Xpal

AitU
AitAd
BstYl
DsaUl
Mjn
Tru20U

Aaal
BstTl
Eag\
EclXl
Eco521

AsplOOl
BbvM

CTCtGAG
CTCGAG
CTCGAG
CTCGAG
CITCGAG
CTCGAG
CTCGAG
CTCGAG
CTCGAG
CTCGAG
CITCGAG
CTCGAG
CTCGAG
CTCGAG
CTCGAG
CTCGAG
CtTCGAG
RtGATCY
RGATCY
RGATCY
RIGATCY
RtGATCY
RtGATCY
RtGATCY
CtGGCCG
CtGGCCG
CGGCCG
CtGGCCG
CtGGCCG
CtGGCCG
GAANNtNNTTC
GAANNtNNTTC
GAANNtNNTTC

4<5)

EGMVX

N

AK

B

N
M
AEKOU
EGNX
M

46
87

533
533

8
87

533
533

87
87

606
534
533

87
55
87

594
152,321,607

262
32

608
7

609
8

37,610
611
80

612
613

51,114
74,614

100
615

Type HI enzymes

Enzyme

EcoPl
EcoPlSl
Hinfm

StvLTl

Isoschizomers

Hind

Recognition
Sequence

AGACC
CAGCAG
CGAAT
CGAAT
CAGAG

Me3

site
Reference

3(6)

4(6)

638-642
643,644
645,646

647
648

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 (Eur. J. Biochem. 150: 1—5, 1985) to represent ambiguity:

R = G or A
Y = C or T
M = A or C
K = G or T
S = G or C

W = A or T
H = A or C or T
B = G or T or C
V •= G or C or A
D = G or A or T
N = A o r C o r G o r T

3. The site of methylation by the cognate methylase when known is indicated as follows. The first number shows die 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.
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4. Commercial sources of restriction enzymes are abbreviated as follows:
A Amersham (2/90)
B BRL a/89)
E Stratagem (2/90)
G Anglian Biotechnology (10/89)
I IBI (2790)

K Takara (1/88)
M Boehringer Mannheim (2/90)
N New England Biolabs (3/90)
O Toyobo (3/90)
P PL-Pharmacia-LKB (4/89)
R Promega Biotec (2/90)
S Sigma (8/89)
U USB (3/90)
V Serva (2/90)
X New York Biolabs (2/90)

5. Bcgl cleaves on both sides of the recognition sequence: 10 bases 5' to the recognition sequence and 12 bases 3' to it on both strands. Thus the recognition
site is excised in a fragment, 34 base pairs long, with 2-base 3'-extensions at each end.

6. £coRU isoschizomers fall into two classes based upon their sensitivity to methylation. ECORH will not cleave when the second cytosine in the recognition sequence
is methylated to 5-mediylcytosine whereas Mval will cleave such a sequence. Isoschizomers of EcoRH that are like Mval are indicated by +.

7. Mbol isoschizomers fall into two classes based upon their sensitivity to methylation. Mbol will not cleave when the recognition sequence contains 6-methyladenosine
whereas Sau3M will not cleave when its recognition sequence contains 5-methylcytosine. Isoschizomers of Mbol that are like SaiAM are indicated by +.

8. TaqH differs from other restriction enzymes in recognizing two distinct sequences: GACCGA(ll/9) and CACCCA(ll/9).

Alphabetical listing of Type II restriction enzymes

Aaal
Aatl (Stul)
AcaU (BamHl)
AccU (FnuDU)
AccBU (HgiCI)
AcrU (BstEH)
Afll (Avail)
Ahal (CauU)
AhaBSI (Kpnl)
Aitl (EccAim)
AU2%%2\ (Pstl)
AM
Alw44l (ApaU)
AmaSTI [Aval)
Aocl (Saul)
AosU (Acyl)
Apel (Mlul)
Apu\6\ (Clal)
AseU (CauU)
Asp36l (PstT)
Asp&m (AvaU)
AsplGSV (Pstl)
Asp745l (Avail)
AspAl (BstEU)
AspCU (Avail)
AspNl (NlalV)
AstWl (Acyl)
AtuII (EccBH)
Aval

(Ms/I)
Bad (Sacll)
Ball
BamFl (BamHl)
Ba/nNxI (Avail)
Bavl (PvuU)
BbeAl (Narl)
BbiU (Acyl)
Bbsl (BbvU)
Bbvl2l (HgiAT)
BbvAm (BspMll)
BcelM (HaeUI)

Aacl (BamHl)
AatU
Acam (MstI)
Accm (BspMll)
AccBTL (PfMI)
Acyl
AflU
AhaU (Acyl)
Ahyl (Smal)
AitU (XhoII)
AM22571 (BamHl)
Alwl (Binl)
Alwm
Amel (ApaU)
AOCH (Sdul)
AosUl (Sacll)
ApeAl (Noel)
Apyl (EcoKK)
Asnl (Vspl)
AspATl (Xhol)
AsplOOl (Xmnl)
Asp!131 (Pstl)
/isp748I (HpaS)
AspBl (Aval)
AspDl (Aval)
AspTl (Pstl)
Asul
Aiull (EcoRH)
Avail
Avrl (Aval)
Bac36\ (Asul)
fia/2281 (Asul)
BamHl
Ban\ (HgiCl)
BavAI (Pvull)
Bbfi (Xhol)
Bbim (Xhol)
Bbul (Sphl)
Bbv\6l (BbvU)
Bcal (Hhal)
BcellOl (Pstl)

known recognition sequences

Aael (BamHl)
Abrl (Xhol)
AcalV (HaeW)
Acc3Sl (EcoKH)
AccEBl (BamHl)
Aeul (EcoRH)
Aflm
AhaUI
Ainl (Pstl)
AitM (XhoII)
/4/I12258I (BamHl)
AIW2U (HgiAI)
AlwXL (Bbvl)
Amell (Noel)
Aori (EcdKS)
Apal
Apri (Nael)
Aqul (Aval)
Aspl (Tthllll)
Asp52l (HindM)
Asp703I (Xhol)
Aspim (Kpnl)
Aspl6i\ (Seal)
AspBU (Avail)
AspDII (Avail)
AspTSI (BamHl)
Asull
AtuBI (EcoRH)
AvaUl
AvrU
Bac465I (Sacll)
Sa/475I (HaeUI)
BamKl (BamHl)
Banll (HgOII)
fiavAH (Asul)
B6/7411I (BspMll)
Bbrl (HindUl)
Bbvl
BbvM (Xmnl)
Bcal 2591 (BamHl)
Bce2431 (Mbol)

Aagl (Clal)
Acal (AsuO)
Accl
Acc65l (Kpnl)
Acr\ (Aval)
Afal (Rsal)
Age!
AhaBM (Asul)
Ainll (BamHl)
Alii (BamHl)
AliAJl (Pstl)
Alw26l (BsmAl)
Amal (Nrul)
AniMl (Nael)
Aosl (MstI)
ApaU
Apul (Asul)
Asel (Vspl)
Aspll (CauU)
Aspim (Stul)
AsplVJI (Clal)
Aspl421 (HaeUI)
Asp3065I (HindM)
AspCl (Aval)
AspHl (HgiAI)
Aspim (HaelH)
Asum (Acyl)
AtuCl (Bell)
Avil (Asull)
Axyl (Saul)
Badl (Xhol)
Bo/3006 (HaeUI)
BamNl (BamHl)
Banm (Clal)
Bbe\ (Narl)
Bbil (Pstl)
BbrPI (PmaCl)
BbvU

BbvAIl (Clal)
Bce22l (Asul)
Bcel'511 (BamHl)
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BceFl (FnuDYY)
BcR
Bco33l (HaeYS)
Bed (NlalV)
B/?458I {HaeW)
Bim\9\ (AsuYY)
BinSn (NarY)
5//41I (ClaY)
Blul (XhoY)
BmaBl (PvuY)
BmelSl (Avail)
Bna\ (BamHT)
BpuHl (AsuYY)
BsaBl
ftcAI (SfaM)
BseM (BspMYY)
BshBl (HaeYYY)
BshFl (HaeYS)
BsiM (HaeYYY)
BsiKl (BstEYY)
BsiQl (BclY)
BsoPl (BsePY)
Bsp6l (FnuAHY)
ftp9I (MboY)
ftpl7I (PstY)
ftp22I (GsuY)
ftp43I (PstY)
ftp49I (MboY)
&p53I (ScrFY)
Bsp57l (MboY)
ftp61I (MboY)
ftp66I (MboY)
BsplYl (HaeYYY)
BsplSl (MboY)
BspMl (ClaY)
ftp93I (PstY)
BsplOSl (MboY)
ftp 1161 (HpaYY)
Bsp\2\\ (SphY)
ftp423I (BbvY)
BspAY (MboY)
BspCl
ftpHI
Bsp}16l (FnuDYY)
BspMYY
BspXS (BclY)
Bssl (NlalV)
BssHl (XhoY)
&/31I (BstES)
ft/29021 (BamHY)
BstEYY
BstGYl (EcoRYY)
BstU (XhoY)
BstPl (BstEYY)
BsfYl(BstXI)
BstXY
Bsu\5l (ClaY)
Bsu 10761 (HaeYYY)
&« 11931 (FnuDYY)
ftu8565I (BamHl)
BsuFl (HpaYY)
Btel (HaeYYY)
BtuY (ClaY)
CauYX
Ccyl (MboY)
Ceql (EcoRV)
CJHl(AsuY)
CJrSl (AsuY)
Cfr\3l (AsuY)

BceYa (FnuDYY)
Bcm\ (ClaY)
Bco351 (GsuY)
BM (ClaY)
Bfrl(Afl£)
Bim\9YY (HaeYYY)
Bkall25l (SduY)
BU491 (Eco3lY)
BluYY (HaeYYY)
BmaCl (PvuY)
BmeU21 (HaeYY)
Bpel (HindYYY)
Bpu95l (FnuDYY)
BsaJl (SecY)
Bsel (HaeYYY)
BsePI
BshCl (HaeYYY)
BshGl (EcoYW)
BsiCl (AsuYY)
BsiLl (EcoWY)
BsiSl (HpaYY)
Bsp2\ (ClaY)
Bsp6YY (EcoSTY)
Bsp\2\ (SacYY)
BsplSl (MboY)
Bsp2Sl (GsuY)
Bsp46l (BamYYY)
Bsp50l (FnuDYY)
Bsp54l (MboY)
Bsp58l (MboY)
Bsp63l (PstY)
Bsp671 (MboY)
Bspl2\ (MboY)
BsplSl (PstY)
Bsp&Tl (PmaCY)
Bsp9Sl (BamHY)
BsplO61 (ClaY)
Bsp\ 171 (HgUYT)
Bspl22l (MboY)
Bsp5l9l (HgUYY)
BspBl (PstY)
BspDl (ClaY)
BspJ&tt (MboY)
Bspl\Q5l (AvaYY)
BspKY (HaeYYY)
Bsrl

BssCl (HaeYYY)
BssEIl (BsePY)
Bst40l (HpaYY)
BstBl (AsuYY)
BstEYYY (MboY)
BstHY (XhoY)
BstMl (ScaY)
BstQl (BamHY)
BstUl (FnuDYY)
BstXU (MboY)
Bsu221 (BspMYY)
&U1114I (HaeYYY)
Bsu 15321 (FnuDYY)
flsw8646I (BamHY)
BsuMl (XhoY)
BM (XhoY)
Bvul (HgLJYY)
CauYYY (PstY)
Cdi21\ (EcoKYY)
Cfll (PstY)
Cfr5Y (EcoKYY)
Cft9\ (SmaY)
QH4I (CfrY)

BcefY
Bail (CauYY)
BcolOnSl (BamHY)
BdiSl (SfeY)
Bgll
Binl
Blal9201 (BspMYY)
BIIS61 (ClaY)
Bmal (PvuY)
BmaDl (PvuY)
Bme2\6I (AvaYY)
Bpul (HgUYY)
Bsal (Eco3\Y)
BsaPl (MboY)
BseYY (HpaY)
Bshl (HaeYYY)
BshDl (HaeYYY)
BshKl (AsuY)
BsiDl (HaeYYY)
BsiMY (BspMIY)
Bsml
BspAl (ClaY)
BspTl (CauYY)
Bspl3l (BspMYY)
Bsp 191 (NcoY)
Bsp29l (NlaYV)
Bsp47I (HpaYY)
Bsp5U (MboY)
Bsp551 (CauYY)
Bsp591 (MboY)
Bsptel (MboY)
Bsp6Sl (NruY)
Bsp73l (ScrFY)
BspSll (PstY)
Bsp9U (MboY)
BsplOOl (AvaYY)
BsplOTl (PstY)
BspU9l (AsuYY)
Bsp2lll (HaeYYY)
flspl286I (SduY)
BspBU (AsuY)
BspEl (BspMYY)
Bsp}67l (CauYY)
&pJ106I (KpnY)
BspVl (BbvYY)
BsrHl (BsePY)
BssGl (BstXI)
BssTU (StyY)
Bst\\26Y (BamHY)
BstCl (HaeYYY)
BstFl (HindYYY)
BstJl (HaeYYY)
BstNl (EcoRYI)
BstRI (EcoRV)
BstVl (XhoY)
BstYl (XhoYY)
Bsu36l (SauY)
Bsul\92l (HpaYY)
&U1854I (HgOYT)
BsuBl (PstY)
BsuKY (HaeYYY)
BthYY (BinY)
CacX (MboY)
CauB3\ (BspMYY)
Cell (BamYYY)
Cfol (HhaY)
Cfr€l(PvuYY)
Cfr\0\
Cfr\9\ (BstEYY)

Bcgl
BcoY (AvaY)
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7h/9I (Msel)
Tsptt
ran ii
Ttrl(TthlUl)
Uba 11031 (AvaUl)
Uba\1051
Uba\\m\ (Bbvl)
Van9U (PflMl)
VneAI (Droll)
Xbal
Xcyl (Smal)
Xg!32l9l (Pvul)
Xmal (Smal)
XmlM (PvuY)
XorU (Pvul)
YenAl (Pstl)
YenU (PstT)

SthJl (Kpnl)
SthNl (Kpnl)
Still (HaefS)
TaqU

Tmull (CauU)
Tru20n (XhoK)
TspZm (HaelH)

Uball (PpuMI)
Lfoall03II (DpnT)
Uba 11061 (PpuMI)
WwlllOI (BamHI)
Vhal (HaeUI)
Vnil (HaeYS)
Xca\ (SnaT)
XglilXG. (Pvul)
XgB22Ql (PvuT)
XnuM (Pstl)
Xmnl
Xpal (Xhol)
YenBl (Pstl)
Zanl (EcoKH)

SthKl (Kpnl)
Stul
Surt.1 (BamHI)
TaqXI (EcoRIl)
Tgll (SacU)
Trul (Avail)
Tspl (railII)
Ttel (railII)
raHB8I (Taql)
Ubaf>\ (Mlul)
WKJ1103II (Dpnl)
UballOTl (Snal)
Uui9G0l (Fnu4Hl)
Vha464l (Aflll)
Vspl
Xdl (Sail)
XgBUTL (Pvul)
Xhol
Xmam
Xnil (Pvul)
Xphl (Pstl)
YenCl (Pstl)
Zsp2l (AvaVS)

SthU (Kpnl)
Styl
Svel94I (Xhol)
Tcel (MboU)
Thai (FnuDU)
Trull (Mbol)
7ip45I
TteAl (HaeUI)
rai (HaeW)
UballOZl (Espl)
WwllO4I (Ksp632l)
UbaUOSl
Vanl (BgH)
Vnel (ApalS)
Xaml (Sail)
Xcml
XgB2m (Pvul)
Xhon
XmR (Pvul)
Xorl (Pstl)
Yenl (Pstl)
YenDl (Pstl)

Aaml
AtuAd
BbeAIl
Bee 145791
BmeS99l
BsiFl
BsiPl
BsiVl
BssPl
Bsu 12591
CM
CviPl
EcoOMl
Fsal
Hapl
HhH
Lpnll
MnnW
Mvill
Nmel
Nopll
NspLlV
pgin
Rlel
ft2RmAI
Sbrl
SinUU
Ssal
Stml

AcyU
AtuBVl
BbeSl
Blol
Bprl
BsiGl
BsiRl
BsiYl
BstM
Call
Csul
CviQU
EcoOUl
GgH
Hcul
Hin\056ll
Mbvl
MnoO. (MnnUI)
Njm
NmeU
Novl
Nunl
Pmil
Rmel
SacUl
SexU.
Sisl
Sscl
StyDAl

unknown recognition sequences

Aiml
AtulAMl
BbiTV
Bmel
BsiBl
BsOl
BsiTl
Bsp\2H
BstEl
Chil
Cvel
Dmol
EspU
GspAHl
HgiFl
Hsal
Mgtl
AfcfD

Nflm
NmeUl
NspEll
OxaU
PssU
Rrbl
Sam
Sgrt
Sodl
SspXl
Tmil

Anil
BbeU
Bce\229l
Bme2QSl
BsiEl
BsiNl
BsiVl
BsrPl
&«1145I

cum
Cvil
EcoOO.
Fnu4Sl
Hagl
HgiKl
Lpnl
MgUl
Mvil
NgoDU
NmelM
NspUn
Pfll
RhpU
Rrhll
Sanl
ShyTl
SoaH
Sstm (Sacin)
TruUl
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