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Restriction enzymes and their isoschizomers

Richard J.Roberts
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INTRODUCTION

Since the last compilation of restriction enzymes (1), 251 new entries have
been added including 21 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, a
new format has been adopted. This new 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 (1), 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
.

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 (3). Several enzymes included in previous lists (1,2) lacked a Roman I in
their acronym. For the sake of consistency this is corrected in the present list.
It is to be hoped that in the future authors who name new restriction
endonucleases will follow this convention. To save space in the reference list,
all enzymes which were completely referenced in the previous list now just carry

a reference to that previous list (1). References to new enzymes or new
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information about old enzymes appear explicitly in this compilation.

Three enzymes which were present in the previous list (i) have been
deleted. These enzymes are Gsbl, for which the strain has been lost (4), Eco27I
which has been renamed Cfr271 (4) and Eco36] which has been renamed Asp36I
(4). Both of the latter changes are due to revisions in the taxonomic

identification of the microorganism producing these enzymes.

Type II enzymes

Enzymel Isoschizomers Recognition2 Me3 Commercial“ Reference
sequence site source
Aatll GACGT|C ILM,N,P,U 1
Accl GT|MKAC A,B,G,I,M,N,P,R,U 1
Acyl GR|CGYC 1
Ahall GR|CGYC N 1
Aosll GR|CGYC G 1
AstWI GR|CGYC 1
Asulll GR|CGYC 1
Bbill GR|CGYC A 1
HgiDI GR|CGYC 1
HgiGI GR|CGYC 1
HgiHII GR|CGYC 1
NlaSI1 GRCGYC 1
Aflll C|TTAAG A,G 1
Aflll A|CRYGT G 1
Ahalll TTT|AAA G,P 1
Dral TTT|AAA A,B,C,G,I,M,N,P,R,U 1
Alul AG|CT 3(s) A,B,G,IM,N,P,R,U 1
Mitl AG|CT 5,6
Oxal AGCT 1
Apal GGGCC|C 4(5) B,G,I,M,N,P,R,U 1
ApalLl GJTGCAC AN 7
Snol G|TGCAC 8,9
Asul G|]GNCC R 1
Apul GGNCC 10
Bac361 G|]GNCC 10
BspBII G|GNCC 11
Cfral GGNCC 1
Cfr8l GGNCC 1
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Enzyme1 Isoschizomers Recognition2 Me3 Commercial4 Reference
sequence site source
Cfr13l G|GNCC 4(5) A 1
Cfr231 GGNCC 12
Cfr33l GGNCC 13
Cfrasl GGNCC 13
Cfra6l GGNCC 13
Cfra7l GGNCC 13
Eco391 GGNCC 1
Ecoa711 GGNCC 1
Mjall GGNCC 1
NmuEIIL GGNCC 1
NmuSI GGNCC 1
Nsp(1524)1V G|GNCC P 1
Pspl GGNCC 1
Sau961 G|GNCC B,C,G,M,N,R 1
Sdyl GGNCC 1
Asull TT|CGAA G,R 1
Fspll TT|CGAA 1
Lspl TT|CGAA 8,9
Mlal TT|CGAA 1
Nsp(71524)V TTCGAA A 1
NspBI TTCGAA 1
Aval CJYCGRG AB,C,G,LM,N,P,R,U 1
Aqul ClYCGRG 1(5) G 14
Avrl CYCGRG G 1
Eco881 CYCGRG 15
Nsp(71524)111 ClYCGRG P 1
NspSAI ClYCGRG 16
Avall GjiGWCC A,B,C,G,I,M,N,P,R 1
Afll G|GWCC G 1
Asp6971 GGWCC 1
BamNxI G|GWCC 1
Bme2161 GGWCC 1
Btil GGWCC 1
Caul GlGWCC 1
Cimll GGWCC 1
Eco4T71 G|GWCC u 1
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Enzyme1

Avalll

Avrll
Ball
BamHI

Isoschizomers

Erpl
Fdil
FspMSI
HgiBI
HgiCll
HgiEl
HgiHII1
Hgill
NspHII
Sfnl
Sinl

EcoT221
Nsil

Aacl
Aael
AccEBI
Ali122571
Ali122581
Alil
BamF1
BamK1
BamNI1
Bst1

Dadsl
Gdol
Ginl
Goxl
Mlel
NasBl1
NspSAIV
Rhsl

Re cognition2

sequence

GlGWCC
GlGWCC
GlGWCC
GlGWCC

GlGWCC
GlGWCC
GlGWCC
GlGWCC
GGWCC
GGWCC
GlGWCC
ATGCAT
ATGCA|T
ATGCA|T
C|CTAGG
TGG|CCA
GJGATCC
GGATCC
GGATCC
G|GATCC
GGATCC
GGATCC
G|GATCC
GGATCC
GGATCC
GGATCC
GlGATCC
GGATCC
GGATCC
GGATCC
GGATCC
GGATCC
GGATCC
GlGATCC
GGATCC

Me
site

4(5)
5(5)

Commercial4 Reference
source

10

1

10

1

1

1

1

17

1

18
G,R 1
G 1

19
B,M,N 1
G,N 1
A,B,G,I,N 1
A,B,G,I,M,N,P,R,U 1

1

1

11

20

20

1

1

1

1
C,G,P 1

1

1

1

1

R

s

16

-
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Enzyme 1

Bbvl
Bbvll
Bcll

Bgll
Bglll

Binl

BsePl

Bsml
BspHI
BspMI
BspMI1

BstEII

BstXI

Isoschizomers

AtuCl
BstGI
Cpel
Cthl
Fbal
Povl
SstIV

NspMACI

Alwl
Bthll

BsoPI
BsrHI
BssHII

Acclll
Kpn2l

AspAl
Bst311
BstP1
Cfr7l
Cfri91
Ecal
Eco911
NspSAIlI

Recognition2
sequence

GCAGC(8/12)
GAAGAC(2/6)
T|GATCA
TGATCA
TGATCA
TGATCA
TGATCA
TGATCA
TGATCA
TGATCA

GCCNNNN|NGGC

A|GATCT
A|GATCT
GGATC(4/5)
GGATC(4/5)
GGATC
GCGCGC
GCGCGC
GCGCGC
G|CGCGC
GAATGC(1/-1)
TCATGA
ACCTGC(4/8)
T|CCGGA
T|CCGGA
TCCGGA
GJGTNACC
G|GTNACC
GGTNACC
G|GTNACC
GGTNACC
GGTNACC
G|GTNACC
GGTNACC
GJGTNACC

CCANNNNN|NTGG

. .4
Commercial
source

G,I,N

A,B,G,ILM,N,P,U

B,C,G,ILM,N,P,R
A,B,C,G,I,M,N,P,R,U

B,G,M,N,P,U

G,N,R

Reference

21

22
18
23
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Enzyme 1

Caull

Cfr101
Cfrl

Clal

Ddel
Dpnl

Drall

Dralll
Dsal
Eco311

Isoschizomers

BssGl1
BstTI

Ahal
Bcnl
HgiS211
Ncil
Rshll

Cfr14l
Cfr38l
Cfr391
Cfr401
Eael
Eco901
Eco1641

Asp7071
Banlll
Bscl
Bsp1061

Cful*
Nanll‘
NmuDI.t
NmuEI‘
NsuDI"

Eco01091
Pssl

Recognition2
sequence
CCANNNNNNTGG
CCANNNNNNTGG
CC|SGG
CClSGG
CCJSGG
CCSGG
CC|SGG
CCSGG
R|CCGGY
Y|GGCCR
YGGCCR
YGGCCR
YGGCCR
YGGCCR
Y|GGCCR
YGGCCR
YGGCCR
AT|CGAT
ATCGAT
ATCGAT
AT|CGAT
AT|CGAT
C|TNAG
GA|TC
GA|TC

GATC

GATC

GATC

GATC
RG|GNCCY
RG|GNCCY
RGGNC|CY
CACNNN|GTG
CICRYGG
GGTCTC(1/5)

Me
site

4(4)

2(5)
4(5)

4(5)

Commercial4

Reference
source
1
1
1
1
A 1
31
B,G,M,N,U 1
1
A 1
1
1
12
13
13
N 32
30
33
A,B,G,M,N,P 1
1
LU 1
34
35

B,C,G,I,M,N,P,R,U
A,B,G,I,M,N,R

G,M
AN

G,M,N

1,36
37
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Euzymel Isoschizomers Recognition2 Me3 Commex-cial4 Reference
sequence site source
Eco421 GGTCTC 41
Eco511 GGTCTC 33
Eco951 GGTCTC 42
Eco971 GGTCTC 43
Eco1011 GGTCTC 41
Eco01201 GGTCTC 41
Eco1271 GGTCTC 44
Eco1291 GGTCTC 44
Eco1551 GGTCTC 1
Eco1561 GGTCTC 41
Eco1571 GGTCTC 41
Eco1621 GGTCTC 44
Ppal GGTCTC 45
Eco4T7111 AGC|GCT AU 1
Eco571 CTGAAG(16/14) 46
Fsfl CTGAAG 47
EcoRI G JAATTC 3(6) A,B,C,G,I,M,N,P,R,U 1
Eco821 GAATTC 42
Eco1591 GAATTC 44
Rsrl G |AATTC G 1
Ssol G JAATTC 48
EcoRII ICCWGG 25  BG 1
+ Aorl CC|WGG 1
+ Apyl CC|WGG M 1
AtuBI CCWGG 1
Atull CCWGG 1
BinSI CCWGG 1
BstGII CCWGG 1
+ BstN1 CC|WGG G,N 1
Cdi271 CCWGG 49
Cfrsl CCWGG 1
Cfriil CCWGG 1
Cfr201 CCWGG 13
Cfr221 CCWGG 13
Cfr241 CCWGG 13
Cfr2sl CCWGG 13
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Enzyme 1

EcoRV

Espl
Finl
Fnud4HI

Isoschizomers

Cfr271
Cfr28l
Cfr291
Cfr301
Cfr3il
Cfr3sl
CfrS371
Cthll
Ecall
Ecl661
Eclll
EclS391
Eco38I
Eco401
Eco41l
Eco601
Eco611
Eco671
Eco701
Eco711
Eco1281
Eco1361
Eco1651
Mphl
Mval
Sgrll
TagXI
Zanl

Cegql
Eco321
Nanl
NflAl

Recognition2

sequence

CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CClWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CClWGG
CCWGG
CClWGG
CClWGG
GAT|ATC
GATJATC
GATJATC
GATATC
GATATC
GCJTNAGC
GTCCC
GCINGC

Me3

site

2(4)

Commercial4

source

A

A,B,C,G,LM,N,P,R,U

Reference

13
13
13
13
13
13
31
22
1
43
1
31
1
1
1
50
50
42
42
51
44
44
33
1
1
1
1
52

53

37

45
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Enzyme

FnuDII

Fokl

Gdill
Gsul
Hael
Haell

Haelll

Isoschizomers

Fbrl

Accll
BceFl1
BceRl
Bsu119211

Bsu11931
Bsu66331
BsuEIl
FspMI
Hin10561
Thal

HinGUII

HinHI
Ngol

Asp7421
Bce71l
Blull
Bsel
Bsp711
Bsp2111
Bsp2261
BspRI
BssCl
BstClI
Bsu10761
Bsu11141
BsuRl
Ciml
Cltl

Recognition2 Me
sequence site
GC|NGC

CG|CG

CG|CG

CGCG

CGCG

CGCG

CGCG

CGCG

CGCG

CGCG

CGCG

CG|CG
GGATG(9/13)
GGATG
YGGCCG(-5/-1)
CTGGAG(16/14)
WGG|CCW
RGCGClY
RGCGCY
RGCGCY
GG|CC 3(5)
GGCC

GGCC

GGCC

GGCC

GGCC

GG|CC

GGCC

GG|CC

GGCC

GGCC

GGCC

GGCC

GG|CC 3(s)
GGCC

GG|CC

Commercial4 Reference
source
18
N 1
A,G 1
1
1
1
1
1
1
45
1
B,1 1
AM,N 1
1
1
1,54
1
A,B,G,I,M,N,P 1
1
1
A,B,G,I,M,N,P,R,U 1
31
55
1
1
55
55
55
1
1
1
1
1
1
1
1
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Enzyme 1

Hgal
HgiAl
HgiCl

HgiEIl
HgiJ1l

Isoschizomers

Dsall
FinSI
FnuDI
Hhgl
Mnil
Mnnll
Ngoll
Nlal
Pail
Pall
Ppul
Sfal
Spllll
Sual
Sull
Ttnl
Vhal

Banl
Eco501
Eco641
HgiHl

Banll
Bvul
Cfr48l
Eco241
Eco2S1
Eco261
Eco351
Eco681
Eco1131
EcoT381

Recogni‘tion2
sequence
GG|CC
GGCC
GG|CC
GGCC

GGCC

GGCC

GGCC
GGCC
GGCC
GG|CC
GGCC
GG|CC
GGCC
GG|CC
GGCC
GGCC
GGCC
GACGC(5/10)
GWGCW|C
lGGYRCC
GJGYRCC
GGYRCC
GGYRCC
GJGYRCC
ACCNNNNNNGGT
GRGCY|C
GRGCY|C
GRGCY|C
GRGCYC
GRGCYC
GRGCYC
GRGCYC
GRGCYC
GRGCYC
GRGCYC
GRGCYC

Me
site

. .4
Commercial
source

G,P

C,G,ILM,N,P,U

C,G,ILM,N,P,U

Reference

[
o0 O
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0
=\ O

Pt b ek ek ek ek ek b

43
41
19
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Enzyme

Hhal

Hindll

HindIII

Hinfl

Isoschizomers

Cfol
FnuDIII
HinGUI
HinP11
HinS11
HinS21
MnnlV
SciNI

Chull
Hin116011
Hin116111
HinJCI1
Hincll
Mnnl

Asp521
Bbrl
Bpel
BstFl
Cfr321
Chul
Eco651
Eco981
EcoVIII
Hin1731
Hin1076111
HinJCII
Hinblll
Hinfll
Hsul
Mkil

CviBI

Recogniticn2 Me
sequence site

GCG|C 2(s)
GCGC
GCG|C
GCGC
GJCGC
GCGC
GCGC
GCGC
G|CGC
GTY|RAC 5(6)
GTYRAC
GTYRAC
GTYRAC
GTY|RAC
GTY|RAC
GTYRAC
A|AGCTT 1(6)
AAGCTT
AAGCTT
AAGCTT
AJAGCTT
AAGCTT
AAGCTT
AAGCTT
AAGCTT
AJAGCTT
AAGCTT
AAGCTT
AAGCTT
AAGCTT
AAGCTT
AJAGCTT
AAGCTT
G|ANTC
GJANTC

Commercial4 Reference
source
A,B,G,N,P,R 1
B,G,I,M,R 1
1
1
N 1
1
1
1
1
M 1
1
1
1
1
A,B,C,G,I,N,P,R,U 1
1
AB,C,G, I M,N,P,R,U 1
31
1
1
58
13
1
43
43
C 1
1
1
1
1
1
1
1
A,B,G,I,M,N,P,R,U 1
59
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Enzyme 1

Hpal

Hpall

Hphl
Kpnl

Mael

Mael

Maelll

Mbol
+

I

6

Isoschizomers

CviClI
CviDI
CviEl
CviFI
CviGI
FrnuAl
Hhall
Ncal

Novll
NsiHI

Bsell

Asp7481
Bsu11921
BsuF1
Finll
Hapll
Mnill
Mnol
Mspl
Secll
SfaGUI

Asp7181
Eco1491
KpnK141
Nmil

Mjal

Bce2431
BsaPl

Recognition2

sequence
GANTC
GANTC
GANTC
GANTC
GANTC
GANTC
GANTC
GANTC
GANTC
GANTC
GTT|AAC
GTTAAC
ClCGG
CCGG
CCGG
CCGG
CCGG
ClCGG
CCGG
ClCGG
C|CGG
CCGG
CCGG
GGTGA(8/7)
GGTAC/|C
G|GTACC
GGTACC
GGTACC
GGTACC
ClTAG
CTAG
AlCGT
LGTNAC
lGATC
|GATC
GATC

Me

site

2(6)

5(6)

2(5)

1(5)

1(5)

Commercial4

Reference
source
59
59
59
59
59
1
1
1
1
1
A,B,C,G,IM,N,P,R,U 1
1
B,C,G,M,N,P,R,U 1
31
1
1
45
Al 1
1
1
A,B,C,G,I,M,N,P,R 1
60
1
N 1
A,B,C,G,IM,N,P,R,U 1
M 1
44
31
1
M 1
1
M 1
M 1
B,G,IN,P 1
1
1
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Enzyme 1

Isoschizomers

Bsp641
Bsp671
Bsp741
Bsp761
Bsp10S51
BspAl
BsrPIl

BssGII
BstEIII
BstXII
Cpal
Cpfl
CviAl
Dpnll
FrnuAll
FnuCl
FnuEI
Hacl
Meul
Mmell
Mnolll
Mosl
Msp6711
Mthl
Ndell
NfIAIL
Nfll
Nlall
NsiAl
NspAl
Nsul
Pfal
Sau3Al
Sau67821
SinMI

Re (:ognition2

sequence

GATC
1GATC
GATC
GATC
JGATC
JGATC
GATC

GATC
GATC
GATC
GATC
LGATC
IGATC
GATC
GATC
|GATC
|GATC
IGATC
GATC
GATC
GATC
GATC
GATC
GATC
|GATC
GATC
GATC
|GATC
GATC
GATC
GATC
GATC
|GATC
GATC
GATC

Me3

site

2(6)

4(5)

. 4
Commercial
source

A,B,C,G,I,M,N,P,R,U

Reference

55
55
55
55
55
61

— ke b b

62,63

Y N T T R

- N
-}
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Enzyme 1

Mboll

Mlul
Mmel
Mnll
Mstl

Nael

Narl

Ncol

Isoschizomers

Ncul
Tcel

Aosl
Fdill
Fspl

Anil
Aprl
Eco561
Misl
Nbal
Nbrl
NmuFI
Nmul
NtaSI1
Pgll
Psp611
Rlul
Saol
Skal

BbeAl
Bbel
BinSII
Eco781
Naml
Ndal
Nunll
Sfol

NspSAIII

Recognition2
sequence
GAAGA(8/7)
GAAGA
GAAGA
A|CGCGT
TCCRAC(20/18)
CCTC(1/7)
TGC|GCA
TGC|GCA
TGC|GCA
TGC|GCA
GCC|GGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GCCGGC
GGJCGCC
GGCGCC
GGCGC|C
GGCGCC
GGC|GCC
GGCGCC
GG|CGCC
GG|CGCC
GGCGCC
C|CATGG
CCATGG

Me
site

5(6)

. .4
Commercial
source

B,G,I,N

A,B,C,G,M,N,P,R

M,N,U

B,N

A,B,M,N

Reference

wmnumgm&nu—.—-—-—v—c\n—ﬁv—v—t—
(7] (%]

45

16
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Enzyme1 Isoschizomers Recoguition2 Me3 Commercial4 Reference
sequence site source
Ndel CA|TATG B,N 1
Nhel G|CTAGC M,N 1
Nlalll CATG| N 1
Nlalv GGN|NCC N 1
Notl GC|GGCCGC A,G,N,R 1
Nrul TCG|CGA A,BM,N,U 1
Amal TCGCGA 1
Sbo131 TCG|CGA 1
Nsp(7524)1 RCATG|Y A 1
NspHI RCATG|Y G 1
NspBII CMG |CKG G 1
PfIMI CCANNNN|NTGG N 45
PmaCl CAC|GTG 69
Eco721 CAC|GTG 70
PpuMl1 RG|GWCCY N 71
Pstl CTGCA|G AB,C,G,IMN,P,R,U 1
Ali28821 CTGCAG 20
AliA)I CTGCA|G 72
Asp361 CTGCAG 49
Asp7081 CTGCAG 1
Bbil CTGCAG 1
Bce1701 CTGCAG 1
Bsp631 CTGCA|G 55
Bsp781 CTGCAG 55
BspBI CTGCA|G 61
BsuBI CTGCAG 1
Caulll CTGCAG 1
Cfu CTGCA|G 64
EaePI CTGCAG 1
Ecl771 CTGCAG 43
Ecl5931 CTGCAG 31
Eco481 CTGCAG 1
Eco491 CTGCAG 1
Eco831 CTGCAG 43
Eco1331 CTGCAG 44
Eco1411 CTGCAG 41
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Enzyme 1

Pvul

Pyull

Rsal
Rsrll
Sacl

Sacll

Isoschizomers

Eco1611
Eco1671
Maul
Mkrl
Nasl
Ngbl
Nocl
Pmal
Pmyl
SalP1
Sfu
Skall
Xmall
Xorl

Xphl

Nbll
Rshl
Rspl
Xnil
Xorll

Bavl
Cfré6l
Mzil

Eco13611
EcoICRI
NasSl1
Scol

Sstl

Bacl
Cfr3?

Recognition
sequence
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCA|G
CTGCA|G
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CGAT|CG
CGAT|CG
CGAT|CG
CGATCG
CGATCG
CGAT|CG
CAG|CTG
CAG|CTG
CAG|CTG
CAGCTG
GT]AC
CG|GWCCG
GAGCT|C
GAGCTC
GAGCTC
GAGCTC
GAGCTC
GAGCT|C
CCGC|GG
CCGCGG
CCGCGG

2

Me
site

4(4)

4(4)

Commercial4

Reference

source

44

44

1

s

18

5

1

73

1

1

1

1

1

74
A,B,G,M,N,P,R,U 1

1

1

1

1
B 1
A,B,G,I,M,N,P,R,U 1,75

76

1,77,78

79
A,B,C,G,I,M,N,R,U 1
G,N 1
A,G,ILM,N,P,R,U 1

44

1

18

67
B,C 1
G,I,N,R,U 1

1

12
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Enzyme

Sall

Isoschizomers

Cfrai1l
Cfra2l
Cfra3l
Cfrasil
Cscl
Eccl
Ecl281
Ecl371
EcoS551
Eco921
Eco961
Eco991
Eco1001
Eco1041
Eco1341
Eco1351
Eco1581
Gall
Gceel
GceGLI
Mral
Ngolll
NlaSI
PaeAl
Saal
Sabl
Sbol
Sfrl
Shyl
Sstll
Tgll

HgiCIIl
HgiDII
Nopl
Rhel

Recognition2

sequence

CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGC|GG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGC|GG
CCGC|GG
CCGC|GG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGCGG
CCGC|GG
CCGCGG
G|TCGAC
G|TCGAC
G|TCGAC
GITCGAC
GTCGAC

Commercial4 Reference

source

A,B,C,G,I,LM,N,P,R,U

12
13
13
13
1

1

49
80
33
43
43
43
41
51
44
44
41
64
64
81
1

1

1

82
45

=)
<

L N T T T T
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Enzyme 1

Saul

Scal

ScrF1

Sdul

Secl
SfaN1
Sfil
Smal

Isoschizomers

Rhpl
Rrhl
Rrol
Xaml
Xcil

Aocl
Axyl
Bsu361
Cvnl
Eco761
Eco811
Eco1151
Eco118]
Mstll
OxaNl
Seclll

Asp7631

Eco431
Eco5111
Eco801
Eco8SI
Eco931
Eco1531
Msp671
Ssoll

Aocll
Bsp12861
Nsp(7524)11

Re cognition2

sequence

GTCGAC
GTCGAC
GTCGAC
GTCGAC
G|TCGAC
CC|TNAGG
CC|TNAGG
CC/TNAGG

CC|TNAGG
CC|TNAGG
CCTNAGG
CC|TNAGG
CCTNAGG
CCTNAGG
CC|TNAGG
CC|TNAGG
CCTNAGG
AGT|ACT
AGTACT
CCINGG
CCNGG
CCNGG
CCNGG
CCNGG
CCNGG
CCNGG
CC|NGG
1CCNGG
GDGCH|C
GDGCH|C
GDGCH|C
GDGCH|C
C|CNNGG
GCATC(5/9)

Me
site

2s)

GGCCNNNN|NGGCC

CCClGGG

3(5)

Commercial4

Reference
source
1
1
1
1
83
M 1
G 1
1
84
B 1
43
A 85
41
41
N 1
16
60

A,B,C,G,M,N,R,U

Qv zZ2QQ

N
G,N,R
A,B,C,G,ILM,N,P,R,U

31

86
33
43
86
43
41
10
48,87

1,88
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Commercial4

Enzyme Isoschizomers Re<:ognition2 Me Reference
sequence site source
Cfr9l C|CCGGG 2(4) 1
Xcyl ClCCGGG P 1
Xmal C|CCGGG G,I,N,R 1
SnaBI TAC|GTA G,M,N 1
Eco1051 TAC|GTA 89
Eco158I11 TACGTA 41
Snal GTATAC 1
Spel A|CTAGT M,N 1
Sphl GCATG|C A,B,C,G,I,M,N,P,R,U 1
Pael GCATG|C 90
SpaXl1 GCATGC 1
Spll C|GTACG A 56
Sspl AAT|ATT M,N 1
Stul AGG|CCT A,B,C,G,M,N,R 1
Aatl AGGCCT LU ' 1
Asp781 AGGCCT 31
Eco1471 AGGCCT 28
Gdil AGG|CCT 1
NtaSl AGGCCT 18
Styl C|CWWGG B,C,G,N,R 1
Eco1301 CCWWGG 28
EcoT141 C|CWWGG A 1
EcoT1041 CCWWGG 1
Tagql T|CGA 4(6) B,C,G,I,M,N,P,R,U 1
TSl TCGA 1
TthHB8I TJCGA 4(6) A 1,91
Taql’ GACCGA(11/9) 1
Taqll’ CACCCA(11/9) 1
Tth111l GACN|NNGTC A,IN,P 1
Fsul GACNNNGTC 67
Ntal GACNNNGTC 18
Splll GACNNNGTC 56
Ttel GACNNNGTC 1
Ttrl GACNNNGTC 1
Tthi11ll CAARCA(11/9) 1
Xbal T|CTAGA A,B,G,I,M,N,P,R,U 1
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Enzyme1 Isoschizomers Recognition2 Me3 Cornmercial4 Reference
sequence site source

Xhol C|TCGAG AB,C,G,IMN,P,R,U 1
Abrl C|TCGAG 1
AspdTl CTCGAG 31
Asp7031 CTCGAG 1
Bbilll CTCGAG 1
Blul C|TCGAG 1
BssHI CTCGAG 1
BstHI CTCGAG 1
BstV1 CTCGAG 92
BsuMI CTCGAG 3(5) 1
Bthl CTCGAG 1
Cerl CJTCGAG 1
Ddell CTCGAG 1
Mcal CTCGAG 1
Mecl CTCGAG 79
Msil CTCGAG 1
PaeR71 C|TCGAG N 1
Panl CJTCGAG 1
PfiW1 CTCGAG 1
Sau32391 C|TCGAG 93
Scil CTC|GAG 10
Scul CTCGAG 1
Sexl CTCGAG G 1
Sgal CTCGAG 1
Sgol CTCGAG 1
Slal C|TCGAG 1
Slul CTCGAG 1
Spal CTCGAG 1
Xpal C|TCGAG 1

Xholl R|GATCY G,M,N 1
Mfll R|GATCY A 94

Xmalll ClGGCCG A(5) B,G 1
Eagl CJ]GGCCG N 95
Eco521 CJ]GGCCG AU 50,96

Xmnl GAANN |[NNTTC N 1

Asp7001 GAANN |NNTTC M 1
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Type I enzymes

Enzyme Recognition sequence Me site3 Reference
EcoAl GAGNNNNNNNGTCA 2(6) -3(6) 1
EcoBI TGANNNNNNNNTGCT 3(6) 1
EcoDI TTANNNNNNNGTCY 1
EcoDXXI TCANNNNNNNATTC 1
EcoKI AACNNNNNNGTGC 1
EcoR1241 GAANNNNNNRTCG 97
EcoR124/31 GAANNNNNNNRTCG 97
StySBI GAGNNNNNNRTAYG 2(6) -4(6) 98
StySPI AACNNNNNNGTRC 2(6) -3(6) 98
StySQI AACNNNNNNRTAYG 99

Type III enzymes

Enzyme Isoschizomer Recognition sequence Me site3 Reference
EcoP151 CAGCAG 1
EcoPl AGACC 3(6) 1
Hinflll CGAAT 1
Hinel CGAAT 1
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 (100) to
represent ambiguity:
R = G or A
Y = CorT
M = AorC
K = GorT
S = G or C
w = AorT
H = AorCorT
B = Gor Tor C
v = G or C or A
D = GorAorT
N = 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
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sequence that is modified. A negative number indicates the complementary
strand. The number in parentheses indicates the specific methylation

involved. (6) = N6-methyladenosine, (5) = S5-methylcytosine, (4) =
4 .
N -methylcytosine.

Commercial sources of restriction enzymes are abbreviated as follows:
A Amersham (1/87)
B Bethesda Research Laboratories (10/86)
C Cambridge Biotechnology Laboratories (5/85)
G Anglian Biotechnology Ltd. (9/86)
International Biotechnologies Inc (2/87)
M Boehringer-Mannheim (11/86)
N
P
R

bt

New England Biolabs (2/87)
Pharmacia P-L Biochemicals (1/87)
Promega Biotec (1/87)

U United States Biochemical Corporation (2/87)

EcoRIl isoschizomers fall into two classes based upon their sensitivity to
methylation. EcoRIl will not cleave when the second cytosine in the
recognition sequence is methylated to S-methylcytosine, whereas Mval will
cleave such a sequence. Isoschizomers of EcoRIl that are like Mval are
indicated by +.

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 +.

Taqll differs from other restriction enzymes in recognizing two distinct
sequences: GACCGA(11/9) and CACCCA(11/9).
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Alphabetical listing of Type II restriction enzymes

Aacl (BamHI)
Aatll

Accl

Acyl

AfILII

Ahalll

Ali28821 (Pstl)
Alul

Anil (Nael)
Aorl (EcoRII)
Apal

Apul (Asul)
Asp361 (PstI)
Asp781 (Stul)
Asp7031 (Xhol)
Asp7181 (Xpnl)
Asp7631 (Scal)
Asul

AtuBI (EcoRII)
Aval

Avrl (Aval)
Bac361 (Asul)
BamFI (BamHI)
BamN1 (BamHI)
Banll (HgiJID)
BbeAl (Narl)
BBl (AcyD)
Bbvl

Bce2431 (Mbol)
BceR1 (FnuDII)
Bgll

BinS1 (EcoRII)
Blull (Haelll)
BsaPl1 (Mbol)
Bsell (Hpal)
BsoP1 (BsePI)
Bsp6T1 (Mbol)
Bsp761 (Mbol)
Bsp1061 (Clal)
Bsp2261 (Haelll)
BspBI1 (Asul)
BspMII

BsrPII (Mbol)
BssGI1 (Mbol)
Bst311 (BstEID)
BstEIII (Mbol)
BstGIl1 (EcoRII)
BstNI (EcoRID
BstV1 (Xhol)
Bsu10761 (Haelll)
Bsu119211 (FnuDII)
Bsu66331 (FnuDII)

Aael (BamHI)
Abrl (Xhol)
Accll (FnuDII)
Afll (Avall)
Ahal (Caull)
Ali122571 (BamHI)
ALIAJT (Pst])
Alwl (Binl)
Aocl (Saul)
Aosl (Mstl)
ApaLl

Apyl (EcoRII)
Aspa7l (Xhol)
Asp6971 (Avall)
Asp7071 (Clal)
Asp7421 (Haelll)
AspAl (BstEII)
Asull

AtuC1 (Bcll)
Avall

Avrll

Bacl (Sacll)
BamHI

BamNx1 (Avall)
Banlll (Clal)
Bbel (Narl)
Bbilll (Xhol)
Bbvll

Bce711 (Haelll)
Bcll

Bglll

BinSI1 (Narl)
Bme2161 (Avall)
Bscl (Clal)
BsePl

Bsp631 (Pstl)
Bsp711 (Haelll)
Bsp781 (PstD)
Bsp12861 (Sdul)
BspAl (Mbol)
BspHI

BspRI (Haelll)
BssC1 (Haelll)
BssHI (Xhol)
BstCl (Haelll)
BstF1 (HindIII)
BstHI (Xhol)
BstPl (BstEID)_
BstXI

Bsu11141 (Haelll)
Bsu11931 (FnuDII)
BsuBI (Pstl)

Aatl (Stul)
AccEBI (BamHI)
Acclll (BspMII)
AfllI

Ahall (Acyl)
Ali122581 (BamHI)
Alll (BamHI)
Amal (Nrul)
Aocll (Sdul)
AosIl (AcyD)
Aprl (Nael)
Aqul (Aval)
Asp521 (HindIlI)
Asp7001 (Xmnl)
Asp7081 (Pstl)
Asp7481 (Hpall)
AstWI (AcyD)
Asulll (AcyD)
Atull (EcoRID)
Avalll

Axyl (Saul)
Ball

BamKI1 (BamHI)
Banl (HgiCI)
Bavl (Pvull)
Bbil (Pstl)
Bbr1 (HindIII)
Bce1701 (PstI)
BceFl (FnuDII)
Benl (Caull)
Binl

Blul (Xhol)
Bpel (HindIII)
Bsel (Haelll)
Bsml

Bsp641 (Mbol)
Bsp741 (Mbol)
Bsp1051 (Mbol)
Bsp2111 (Haelll)
BspBl (Pstl)
BspMI

BsrHI (BsePI)
BssG1 (BstXI)
BssHII (BsePl)
BstEIl

BstGI (Bcll)
Bstl (BamHI)
BstTI (BstXID)
BstXI1 (Mbol)
Bsu11921 (Hpall)
Bsu361 (Saul)
BsuEIl (FnuDII)
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BsuF1 (Hpall)
Bthl (Xhol)
Bvul (HgilIl)
Caulll (PstI)
Cegql (EcoRV)
cfrl

Cfr61 (Pvull)
Cfr91 (Smal)
Cfr131 (Asul)
Cfr201 (EcoRII)
Cfr241 (EcoRID
Cfr281 (EcoRID
Cfr311 (EcoRII)
Cfr3s1 (EcoRID
Cfr391 (CfD)
Cfra2l (Sacll)
Cfras1l (Sacll)
Cfrasl (HgiJID)
Chul (HindIII)
Ciml (Haelll)
Cpal (Mbol)
Cscl (Sacll)
CviAl (Mbol)
CviD1 (Hinfl)
CviGI (Hinfl)
Ddell (XholD)
Dpnll (Mbol)
Dralll

Eael (Cfrl)

. Ecal (BstEII)

Eci281 (Sacll)
Ecl171 (Pstl)
EclS391 (EcoRII)
Eco261 (HgiJII)
Eco351 (HgiJID)
Eco401 (EcoRID
Eco431 (ScrFI)
Eco47111
Eco501 (HgiCD)
Eco521 (Xmalll)
EcoS571

Eco641 (HgiCD)
Eco681 (HgilJII)
Eco721 (PmaCl)
Eco80I (ScrFI)
Eco831 (PstI)
Eco901 (CfrD)
Eco931 (ScrFI)
Eco971 (Eco311)
Eco1001I (Sacll)
Eco01051 (SnaBI)
Eco118I (Saul)
Eco1281 (EcoRII)
Eco1331 (PstD)

BsuM (Xhol)
Bthll (Binl)
Caul (Avall)
Cerl (Xhol)
cfil (PstD)
Cfral (Asul)
C#r11 (BstEID)
Cfr101

Cfrial (CfrD)
Cfr221 (EcoRIID)
Cfr251 (EcoRIID)
Cfr291 (EcoRID)
Cfr321 (Hindlll)
Cfr371 (Sacll)
Cfra01 (CfrD)
C#ra31 (Sacll)
Cfra6l (Asul)
CfrS371 (EcoRID)
Chull (HindIl)
Cimll (Avall)
Cpel (Bcll)
Cthl (Bell)
CviBI (Hinfl)
CviEl (Hinfl)
Cvnl (Saul)
Dds1 (BamHI)
Dral (Ahalll)
Dsal

EaeP1 (Pstl)
Ecall (EcoRII)
Ecl371 (Sacll)
Ecl5931 (Pstl)
Eco241 (HgiJII)
Eco311

Eco381 (EcoRII)
Eco411 (EcoRII)
Eco471 (Avall)
Eco481 (PstD)
Eco511 (Eco31l)
Eco551 (Sacll)
Eco601 (EcoRII)
Eco651 (HindIIl)
Eco701 (EcoRII)
Eco761 (Saul)
Eco811 (Saul)
Eco851 (ScrFI)
Eco911 (BstEII)
Eco951 (Eco31l)
Eco981 (HindIII)
Eco101I (Eco311)
Eco1131 (HgiJ1I)
Eco1201 (Eco31I)
Eco01291 (Eco31I)
Eco1341 (Sacll)

BsuR1 (Haelll)
Btil (Avall)
Caull

Cdi271 (EcoRIID)
Cfol (Hhal)
Cfr51 (EcoRII)
Cfr81 (Asul)
Cfr111 (EcoRID
Cfr191 (BstEID)
Cfr231 (Asul)
Cfr271 (EcoRII)
Cfr301 (EcoRID
Cfr331 (Asul)
Cfr381 (CfrD)
Cfra1l (Sacll)
Cfras1 (Asul)
Cfra7l (Asul)
Cful (Dpnl)
Clal

Citl (Haelll)
Cpfl1 (Mbol)
Cthll (EcoRII)
CviCl (Hinfl)
CviFI (Hinfl)
Ddel

Dpnl

Drall

Dsall (Haelll)
Eagl (Xmalll)
Eccl (Sacll)
Ecl661 (EcoRII)
Eclll (EcoRII)
Eco251 (HgiJ11)
Eco321 (EcoRV)
Eco391 (Asul)
Eco421 (Eco31D
Eco4711 (Asul)
Eco491 (Pst])
Eco5111 (ScrFD)
Eco561 (Nael)
Eco611 (EcoRII)
Eco671 (EcoRII)
Eco711 (EcoRII)
Eco781 (Narl)
Eco821 (EcoRI)
Eco881 (Aval)
Eco0921 (Sacll)
Eco0961 (Sacll)
Eco991 (Sacll)
Eco01041 (SaclD)
Eco1151 (Saul)
Eco1271 (Eco311)
Eco1301 (Styl)
Eco1351 (Sacll)
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Eco01361 (EcoRII)
Eco01471 (Stul)
Eco1551 (Eco31I)
Eco1581 (Sacll)
Eco1611 (Pstl)
Eco01651 (EcoRII)
Eco01091 (Drall)
EcoRV

EcoT221 (Avalll)
Erpl (Avall)
Fbr1 (Fnu4HI)
Finl

Fnu4HI

FnuCl (Mbol)
FnuDII1 (Hhal)
Fsf1 (EcoS7D)
FspM1 (FnuDID)
Gall (Sacll)
Gdil (Stul)

Ginl (BamHI)
Hacl (Mbol)
Haelll

HgiAl

HgiCII (Avall)
HgiDII (Sall)
HgiGI (Acyl)
HgiHIII (Avall)
Hgis211 (Caull)
Hhgl (Haelll)
Hin116011 (HindIl)
HinbII1 (HindIII)
HindII1

HinGUI (Hhal)
HinJCI (HindII)
HinS11 (Hhal)
Hpall

Kpn21 (BspMII)
Lspl (Asull)
Maelll

Mboll

Meul (Mbol)
Mjal (Mael)
Mkrl (Pstl)
Mitl (Alul)
Mmell (Mbol)
Mnll

MnnlV (Hhal)
Mosl (Mbol)
Msil (Xhol)
Mspl (Hpall)
Mthl (Mbol)
Nael

Nanll (Dpnl)
Nasl (PstI)

Eco13611 (Sacl)
Eco1491 (Kpnl)
Eco1561 (Eco311)
Eco158I1 (SnaBI)
Eco1621 (Eco31I)
Eco1671 (Pstl)
EcoRl

EcoT1041 (Styl)
EcoT381 (Hgi)1I)
Espl

Fdil (Avall)
Finll (HpalD)
FnuAl (Hinfl)
FnuDI (Haelll)
FnuEl (Mbol)
Fspl (MstI)
FspMSI (Avall)
GceGLI (Sacll)
Gdill

Goxl (BamHI)
Hael

Hapll (Hpall)
HgiBI (Avall)
HgiClll (Sall)
HgiEl (Avall)
HygiHI (HgiCI)
Hgill (Avall)
Hhal

Hin10561 (FnuDII)
Hin116111 (HindII)
Hincll (HindIl)
Hinfl

HinGUII (Fokl)
HinJCII (HindIII)
HinS21 (Hhal)
Hphl

Kpnl

Mael

Maul (Pstl)
Mcal (Xhol)
Mfil (XhoID)
Mjall (Asul)
Mlal (Asull)
Milul

Mnil (Haelll)
Mnnl (HindII)
Mnol (Hpall)
Mphl (EcoRII)
Msp671 (ScrFI)
Mstl

Mval (EcoRIID)
Naml (Narl)
Narl

NasSI (Sacl)

Eco1411 (Pst)
Eco1531 (ScrFI)
Eco1571 (Eco311)
Eco1591 (EcoRI)
Eco1641 (CfrD)
EcoICRI (Sacl)
EcoRIl
EcoT141 (Styl)
EcoVIIl (HindIII)
Fbal (Bcll)
Fdill (MstI)
FinSI (Haelll)
FrnuAll (Mbol)
FnuDII

Fokl

FspIl (Asull)
Fsul (Tth1111)
Gceel (Sacll)
Gdol (BamHI)
Gsul

Haell

Hgal

HgiCl

HgiD1 (Acyl)
HgiEIl

HgiHII (Acyl)
Hgi)ll

Hhall (Hinfl)
Hin1076111 (HindIII)
Hin1731 (HindIII)
HindIl

Hinf11 (HindIII)
HinH1 (Haell)
HinP11 (Hhal)
Hpal

Hsul (HindIII)
KpnK141 (Kpnl)
Maell

Mbol

Mecl (Xhol)
Misl (Nael)
Mkil (HindIID)
Milel (BamHI)
Mmel

Mnill (Hpall)
Mnnll (Haelll)
Mnolll (Mbol)
Mral (Sacll)
Msp6T11 (Mbol)
MstIl (Saul)
Mzil (Pvull)
Nanl (EcoRV)
NasB1 (BamHI)
Nbal (Nael)
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NbIL (Pvul)
Ncil (Caull)
Ndal (Narl)
NfIAl (EcoRV)
Ngbl (Pstl)
Ngolll (Sacll)
Niall (Mbol)
NlaSI (Sacll)
NmuDI1 (Dpnl)
NmuF1 (Nael)
Nocl (PstD)
Novll (Hinfl)
NsiH1 (Hinfl)
Nsp(7524)11 (Sdul)
Nsp7524)V (Asull)
NspBI1
NspMACI (BglID)
NspSAIII (Ncol)
Nsul (Mbol)
NtaSII (Nael)
OxaNI (Saul)
PaeR71 (Xhol)
Panl (Xhol)
PfTWI (Xhol)
Pmal (Pstl)
Ppal (Eco31D)
Psp611 (Nael)
Pstl

Rhel (Sall)
Rlul (Nael)
Rsal

Rspl (Pvul)
Saal (Sacll)
Sacll

Saol (Nael)
Sau67821 (Mbol)
Sbo131 (Nrul)
Scil (Xhol)
ScrFl

Sdyl (Asul)
Seclll (Saul)
Sfal (Haelll)
SAI (PstD)
Sfrl (Sacll)
Sgril (EcoRII)
SinMI (Mbol)
Slal (Xhol)
SnaBlI

Spal (Xhol)
Sphl

Spilll (HaellD)
Sspl

SstIV (Bcll)
Sual (Haelll)

Nbrl (Nael)
Ncol

Ndel

NfIAIl (Mbol)
Ngol (Haell)
Nhel

Nlalll

NlaSII (AcyD)
NmuEl (Dpnl)
Nmul (Nael)
Nopl (Sall)
Nrul

Nsil (Avalll)
Nsp(7524)111 (Aval)
NspAl (Mbol)
NspHI (Nsp(7524)1)
NspSAI (Aval)
NspSAIV (BamHI)
Ntal (Tth1111)
Nunll (Narl)
PaeAl (Sacll)
Pail (Haelll)
Pfal (Mbol)
Pgll (Nael)
Pmyl (PstI)
Ppul (Haelll)
Pspl (Asul)
Pyul

Rhpl (Sall)
Rrhl (Sall)
Rshl (Pvul)
Rsrl (EcoRI)
Sabl (Sacll)
Sall

Sau32391 (Xhol)
Sau961 (Asul)
Sbol (Sacll)
SciNI (Hhal)
Scul (Xhol)
Secl

SexI (Xhol)
SfaN1

Sfal (Avall)
Sgal (Xhol)
Shyl (Sacll)
Skal (Nael)
Stul (Xhol)
Snal

SpaX1 (Sphl)
Spil

Ssol (EcoRI)
Sstl (Sach)
Stul

Sull (Haelll)

Ncal (Hinfl)
Ncul (Mboll)
Ndell (Mbol)
Nfil (Mbol)
Ngoll (Haelll)
Nlal (Haelll)
NlalV

Nmil (Kpnl)
NmuEIl (Asul)
NmuSI (Asul)
Notl

NsiAl (Mbol)
Nsp(7524)1
Nsp7528)IV (Asul)
NspBI (Asull)
NspHII (Avall)
NspSAII (BstEIl)
NsuD1 (DpnD)
NtaSI (Stul)
Oxal (Alul)
Pael (Sphl)
Pall (Haelll)
PfIMI

PmaCl

Pov1 (Bcll)
PpuM1l

Pssl (Drall)
Pvull

Rhsl (BamHI)
Rrol (SalD)
Rshll (Caull)
Rsrll

Sacl

SalP1 (Pst])
Sau3Al (Mbol)
Saul

Scal

Scol (SacD)
Sdul

Secll (Hpall)
SfaGUI (Hpall)
sfil

Sfol (Narl)
Sgol (Xhol)
Sinl (Avall)
Skall (Pstl)
Smal

Snol (Apall)
Spel

Splll (Tth1111)
Ssoll (ScrFI)
Sst1l (Sacll)
Styl

Tagql
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Tagqll

Tfll (Taql)
Ttel (Tth1111)
TthHBS8I (Tagql)
Vhal (Haelll)
Xcil (Sall)
Xholl

Xmalll

Xorl (Pstl)
Xphl (Pstl)

TagX1 (EcoR1l)
Tgll (Sactl)
Tthi11l

Ttnl (Haelll)
Xaml (Sall)
Xcyl (Smal)
Xmal (Smal)
Xmnl

Xorll (Pvul)
Zanl (EcoRID)

Tcel (Mboll)
Thal (FnuDII)
Tthi11ll

Ttrl (Tth1111)
Xbal

Xhol

Xmall (Pstl)
Xnil (Pvul)
Xpal (Xhol)
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