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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

(2).
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 (1) have been

deleted. These enzymes are GsbI, for which the strain has been lost (4), Eco27I

which has been renamed Cfr27I (4) and Eco36I 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

Recognition Me3
sequence site

3(5)

4(5)

Commercial4
source

Reference

I,M,N,P,U

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

N

G

A

A,G

G

G,P

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

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

A,N

R

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

5,6
1

1

7

8,9
1

10

10

11

1

1

Enzyme1 Isoschizomers

AatII

AccI

AcyI

AhaII

Ao.II

AstWI

AsuIII

BbiII

HgiDI

HgiGI

HgiHII

NlaSII

AfII
AIIII

AhaIII

DraI

AluI

MItI

OxaI

ApaI

ApaLI

SnoI

AsuI

ApuI

Bac36I

BspBII
Cfr4I
Cfr8I

GACGTIC
GTIMKAC
GR4CGYC

GR4CGYC

GRJCGYC

GR4CGYC

GRJCGYC

GR4CGYC

GRJCGYC
GRJCGYC
GR4CGYC
GRCGYC

CJTTAAG

AICRYGT
TTT4AAA

TTT4AAA

AGICT
AGICT
AGCT

GGGCC4C
GjTGCAC

GITGCAC
G4GNCC
GGNCC

G4GNCC

GIGNCC
GGNCC

GGNCC
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Cfrl 3I

Cfr23I

Cfr33I

Cfr45I
Cfr46I

Cfr47l

Eco39I

Eco47II

MjaII

NmuEII

NmuSI

Nsp(7524)IV
PspI

Sau96I

SdyI
AsuIl

FspII

LspI

Mial

Nsp(7524)V
NspBI

AvaI

AquI

AvrI

Eco88I

Nsp(7524)III
NspSAI

AvaIl

AflI
Asp6971
BamNxI

Bme216I
BtlI
Caul

ClII

Eco47I

Me3 Commercial4
site source

Reference

A

p

B,C,G,M,N,R

G,R

A

A,B,C,G,I,M,N,P,R,U
1(5) G

G

p

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

U

Enzyme1 Isoschizomers

4(5)

Recognition2
sequence

GIGNCC
GGNCC

GGNCC

GGNCC
GGNCC

GGNCC

GGNCC

GGNCC

GGNCC

GGNCC

GGNCC

GIGNCC
GGNCC

GJGNCC
GGNCC

TT4CGAA
TTJCGAA
TTICGAA
TTICGAA
TTCGAA

TTCGAA

CJYCGRG
CJYCGRG
CYCGRG

CYCGRG

C4YCGRG
CjYCGRG

GiGWCC
G4GWCC
GGWCC
GJGWCC
GGWCC

GGWCC
GJGWCC
GGWCC

G4GWCC

1

12

13

13
13

13

1

1

1

1

1

1

1

1

1

1

1

8,9
1

1

1

14

1

15

1

16

1

1
1

1

1
1

1

1
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Me3 Commercial4
site source

Reference

G,R

G

B,M,N

G,N

4(5) A,B,G,I,N

5(5) A,B,G,I,M,N,P,R,U

C,G,P

Enzyme1 Isoschizomers

ErpI

FdiI

FspMSI

HgiBI

HgiCII

HgiEI

HgiHIII

HgiJI

NspHII

SfnI

SinI

10

1

10

1

1

1

1

17

1

18

1

1

19

I

I

1

1

1

1

11

20

20

1

1

1

Recognition2
sequence

GjGWCC

GIGWCC
G[GWCC

GIGWCC
G4GWCC

GIGWCC
GIGWCC
G4GWCC

GGWCC

GGWCC

GIGWCC
ATGCAT

ATGCAJT

ATGCAIT
CICTAGG
TGGICCA
G4GATCC

GGATCC

GGATCC

G4GATCC
GGATCC

GGATCC

G4GATCC
GGATCC

GGATCC

GGATCC
GJGATCC
GGATCC

GGATCC

GGATCC

GGATCC

GGATCC

GGATCC
G4GATCC
GGATCC

AvaIII

EcoT22I

NsiI

AvrII

BalI

BamHI

AacI

AaeI

AccEBI

Ali12257I

A1i22581

AliI

BamFI

BamKI

BamNI

BstI

DdsI

GdoI

GLnI
GoxI

MleI
NasBI

NspSAIV
RhsI

1
1

1

1

1

5

5

16

1

r192
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Recognition2
sequence

GCAGC(8/12)
GAAGAC(2/6)
TIGATCA
TGATCA

TGATCA

TGATCA

TGATCA

TGATCA

TGATCA

TGATCA

GCCNNNNINGGC
A4GATCT
A4GATCT
GGATC(4/5)
GGATC(4/5)
GGATC

GCGCGC
GCGCGC
GCGCGC

GICGCGC
GAATGC(1/-l)
TCATGA

ACCTGC(4/8)
TJCCGGA

TICCGGA
TCCGGA

GIGTNACC
GIGTNACC
GGTNACC
GJGTNACC
GGTNACC
GGTNACC

GIGTNACC
GGTNACC

GIGTNACC
CCANNNNNINTGG

Me3 Commercial4
site source

Reference

G,I,N

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

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

N

N

G,N

N

N

A,G

B,G,M,N,P,U

G,N,R

Enzyme1 Isoschizomers

BbvI
BbvII

BclI

AtuCI
BstGI

CpeI

CthI

FbaI

PovI

SstIV
BglI
BglI!

NspMACI
Binl

AlwI

BthII
BsePI

BsoPI

BsrHI

BssHII
BsmI

BspHI

BspMI

BspMII

AccIII

Kpn2I

BstEII

AspAI
Bst3lI
BstPI

Cfr7I
Cfrl9I
Ecal

Eco91I
NspSAII

BstXI

1

21
1

1

1

1

22

18

23

1

1

1

24

1

45

1

1

1

1

1

1

25

26

26

27

28

1

1

29

1

1

13

1

30

16
1

r193
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Recognition2
sequence

Me3 Commercial4 Reference
site source

CCANNNNNNTGG

CCANNNNNNTGG

CCISGG
CC4SGG

CC4SGG

CCSGG

CCISGG
CCSGG

RICCGGY
YJGGCCR
YGGCCR

YGGCCR

YGGCCR

YGGCCR

YIGGCCR
YGGCCR

Ecol64I YGGCCR

AT4CGAT
Asp707I ATCGAT

BanIII ATCGAT

BscI AT4CGAT
BsplO6I AT4CGAT

C4TNAG

GA4TC
*

CfUI GAJTC
*

NanII GATC
NmuDI GATC

NmuEI GATC*

NsuDI GATC

RGIGNCCY
EcoOl09I RG4GNCCY
PssI RGGNCjCY

CACNNNIGTG
CICRYGG
GGTCTC(1/5)

4(4) A

B,G,M,N,U

2(5)

4(5)

A

4(5) N

A,B,G,M,N,P

I,U

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

G,M

A,N

G,M,N

Enzyme1 Isoschizomers

BssGI

BstTI

CauII

AhaI

BcnI

HgiS21 I

NciI

RshII

CfrlOI

CfrI
Cfrl4I
Cfr38I
Cfr39I
Cfr4OI
EaeI

Eco9OI

1

1

1

1

1

31

I

1

1

1

12

13

13

32

30

33
1

1

1

34

35

1

ClaI

DdeI

DpnI

DraII

DraIII

DsaI

Eco3lI

1,36
37
1

1

1

1

38

1

1

39
40
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Recognition2
sequence
GGTCTC
GGTCTC

GGTCTC

GGTCTC

GGTCTC
GGTCTC

GGTCTC

GGTCTC

GGTCTC

GGTCTC

GGTCTC

GGTCTC

GGTCTC

AGCIGCT
CTGAAG(16/14)
CTGAAG

GJAATTC
GAATTC
GAATTC
G4AATTC
GJAATTC
JCCWGG
CCIWGG
CCJWGG
CCWGG
CCWGG
CCWGG
CCWGG

CCIWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG
CCWGG

Me3 Commercial4
site source

Reference

A,U

3(6) A,B,C,G,I,M,N,P,R,U

G

2(5) B,G

M

G,N

Enzyme1 Isoschizomers

Eco42I

EcoSlI

Eco95I
Eco97I

EcolOlI

Ecol20I

Eco1271
Ecol29I
Ecol55I

Ecol56I
Ecol57I
Eco162I

PpaI
Eco47III

EcoS7I

FsfIl
EcoRI

41

33
42

43

41

41

44

44

41

41

41

44

45

1

46
47

1

42

44

1

48
1

1

1

1

1

1

1

1

49
I
1

13
13

13
13

EcoRII5

Eco82I

Ecol59I
RsrI

SsoI

AorI

ApyI
AtuBI

AtulI
BinSI

BstGII

BstNI

CdI27I
Cfr5I
CfrllI
Cfr2OI
Cfr22I
Cfr24I
Cfr25I
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Me3 Commercial4 Reference
site source

13

13

13

13

13

13

31

22

1

43

1

31

1

1

1

50

50

42

42

51

44

44

33

2(4) A

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

G

N

1

1

1

52
1

53
1

37
1

1

45

1

EnzymeI

+

Isoschizomers

Cfr27I

Cfr28I

Cfr29I
Cfr3OI

Cfr3l I

Cfr35I

CfrS37I

CthII

EcaII

Ecl66I

EcIlI

EclS39I

Eco38I

Eco40I
Eco41 I

Eco60I
Eco61I

Eco67I

Eco7OI

Eco7lI

Ecol28I
Ecol36I
Ecol65I

MphI

MvaI

SgrII
TaqXI
ZanI

Recognition2
sequence

CCWGG

CCWGG

CCWGG

CCWGG

CCWGG

CCWGG

CCWGG

CC4WGG
CCWGG

CCWGG

CCWGG

CCWGG

CCWGG

CCWGG

CCWGG

CCWGG
CCWGG

CCWGG

CCWGG

CCWGG

CCWGG

CCWGG

CCWGG

CCWGG

CCIWGG
CCWGG

CC4WGG

CCIWGG
GATIATC
GAT4ATC
GATJATC
GATATC

GATATC

GC4TNAGC
GTCCC

GC4NGC

EcoRV

CeqI
Eco32I

NanI

NflAI

EspI

FinI

Fnu4HI

r196
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Recognition2
sequence

GCINGC
CG4CG

CGICG
CGCG

CGCG

Me3 Commercial4
site source

Reference

N

A,G

Bsull92II CGCG

CGCG

CGCG
CGCG

CGCG
CGCG

CGICG
GGATG(9/13)
GGATG

YGGCCG(-5/-1)
CTGGAG(16/14)
WGGICCW
RGCGCjY
RGCGCY

RGCGCY
GG4CC
GGCC

GGCC

GGCC

GGCC

GGCC

GGICC
GGCC

GGICC
GGCC
GGCC
GGCC
GGCC

GGICC
GGCC
GGjCC

B,I

A,M,N

A,B,G,I,M,N,P

3(5) A,B,G,I,M,N,P,R,U

3(5)

EnzymeI Isoschizomers

FbrI
FnuDII

AccII

BceFI

BceRI

Bsul 1931

Bsu66331

BsuEII

FspMI

HinlO56I
ThaI

FokI

HinGUII
GdiII

GsuI
HaeI

HaelI

HinHI

NgoI
HaeIII

Asp7421
Bce7lI

BlulI

BscI

Bsp7l I

Bsp2l 1 I

Bsp226I

BspRI
BssCI

BstCI
BsulO76I

Bsulll4I

BsuRI

CImI
CItI

18

1

1

1

1

1

1

1

1

45

1

1

1

1

1

1,54
1

1

1

1

1

31

55

1

1

55

55

55

1

1

1

1

1

1

1

1
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Recognition2
sequence

GG4CC

GGCC

GGjCC

GGCC

GGCC

GGCC

GGCC

GGCC

GGCC

GGICC
GGCC

GG4CC

GGCC

GGOCC
GGCC

GGCC

GGCC

GACGC(5/10)
GWGCWIC
IGGYRCC
G0GYRCC
GGYRCC

GGYRCC

G4GYRCC
ACCNNNNNNGGT

GRGCYIC
GRGCY4C
GRGCY4C
GRGCYC

GRGCYC

GRGCYC

GRGCYC

GRGCYC

GRGCYC

GRGCYC

GRGCYC

Me3 Commercial4
site source

Reference

39

18

1

1

I

1

1

G,P

1

1

1

1

56

57

1

1

N

N

C,G,I,M,N,P,U

1

1

1

1

1

42

1

1

C,G,I,M,N,P,U

13

1

1

1

1

43

41

19

Enzyme1 Isoschizomers

DsaII

FinSI

FnuDI

HIhgI

MniI

MnnII

NgoII

NlaI

Pail

PalI

PpuI

SfaI

SplIII
SuaI

SulI

TtnI

VhaI

HgaI

HgiAI
HgiCI

BanI

EcoSOl

Eco64I

HgiHI

HgiEII
HgiJII

BanIl

BvuI

Cfr48I
Eco24I

Eco25I

Eco26I
Eco35I

Eco68I
Ecoll3I
EcoT38I
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Me3 Commercial4
site source

Reference

2(5) A,B,G,N,P,R

B,G,I,M,R

N

5(6) M

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

1(6) A,B,C,G,I,M,N,P,R,U

C

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

Enzyme1 Isoschizomers

HhaI
CfoI
FnuDIII

HinGUI

HinPlI

HinSlI
HinS2I
MnnIV

SciNI

HindII

ChuII
Hinl 16011
HLnll61II
HinJCI
HinclI

MnnI

HindIll
Asp52I
BbrI

BpeI

BstFI

Cfr32I
ChuI

Eco65I

Eco98I
EcoVIII

Htin73I
HinlO76III
HinJCII
HinbIlI
HinfII

HsuI
MkiI

HinfI
CviBI

R e cognition2
sequence

GCGLC
GCGC

GCGJC
GCGC

GICGC
GCGC
GCGC

GCGC

GICGC
GTY4RAC
GTYRAC

GTYRAC

GTYRAC
GTYJRAC
GTYIRAC
GTYRAC

A4AGCTT
AAGCTT

AAGCTT

AAGCTT

AIAGCTT
AAGCTT

AAGCTT

AAGCTT

AAGCTT

A[AGCTT
AAGCTT

AAGCTT

AAGCTT
AAGCTT

AAGCTT

ALAGCTT
AAGCTT

GOANTC
GJ,ANTC

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

31

1

1

58

13

1

43

43

1

1

1

1

1

1

1

1
1

59
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Me3 Commercial4 Reference
site source

2(6)

5(6) A,B,C,G,I,M,N,P,R,U

2(5) B,C,G,M,N,P,R,U

1(5)

A,I

1(5) A,B,C,G,I,M,N,P,R

N

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

M

M

M

B,G,I,N,P

59

59

59

59

59
1

1

1

1

1

1

1

1

31

1

1

45
1

1

1

1

60

1

1

1

44

31

1

1

1

1

1

1

1

1

Enzyme1 Isoschizomers

CviCI

CviDI

CviEI

CviFI

CviGI

FnuAI

HhaII

NcaI

Novll

NsiHI

Recognition2
sequence

GANTC

GANTC

GANTC

GANTC

GANTC

GIANTC
GIANTC
GANTC

GANTC

GANTC

GTTIAAC
GTTAAC

CICGG
CCGG

CCGG

CCGG

CCGG

CLCGG
CCGG

CJCGG
CICGG
CCGG

CCGG

GGTGA(8/7)
GGTAC4C
GLGTACC
GGTACC

GGTACC

GGTACC

CITAG
CTAG

A4CGT
4GTNAC
LGATC
4GATC
GATC

HpaI

BseII

HpaII

Asp7481

Bsul 192I

BsuFI

FinII

HapII
MniII

MnoI

MspI

SecII

SfaGUI
HphI

KpnI

Asp7 181
Ecol49I
KpnK14I
NmiI

MaeI

MjaI
MaeII

MaeIII
MboI6

Bce2431
BsaPI

r200
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Me3 Commercial4
site source

2(6)

64

5

65

1

1

10

1

B

4(5) A,B,C,G,I,M,N,P,R,U

EnzymeI

+

+

+

+

Reference

55

55

55

55

55

61

1

1

1

1

62,63
1

1

1

Isoschizomers

Bsp64I

Bsp67I

Bsp74I

Bsp76I

BsplOSI

BspAI

BsrPII

BssGII

BstEIII

BstXII

CpaI

CpfI

CviAI

DpnII
FnuAII

FnuCI
FnuEI

HacI

MeuI

MmeII

MnoIII

MosI

Msp67II
MthI

NdeII

NflAII

NflI
NtaII

NsiAI

NspAI
NsuI

PfaI
Sau3AI

Sau67821
SinMI

Recognition2
sequence

GATC

4GATC
GATC

GATC

IGATC
LGATC
GATC

GATC

GATC

GATC

GATC

LGATC
4GATC
GATC

GATC

IGATC
LGATC

LGATC
GATC

GATC

GATC

GATC

GATC

GATC

LGATC
GATC

GATC

LGATC
GATC

GATC

GATC

GATC

IGATC
GATC

GATC

1

1

1

1

5
1

1

1

66

1
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Recognition2
sequence

GAAGA(8/7)
GAAGA

GAAGA

A4CGCGT
TCCRAC(20/1 8)
CCTC(7/7)

TGCIGCA
TGCIGCA
TGCJGCA
TGCIGCA
GCCIGGC
GCCGGC

GCCGGC

GCCGGC

GCCGGC

GCCGGC

GCCGGC
GCCGGC

GCCGGC

GCCGGC
GCCGGC

GCCGGC
GCCGGC
GCCGGC

GCCGGC

GGICGCC
GGCGCC

GGCGCIC
GGCGCC

GGCjGCC
GGCGCC

GGICGCC
GGICGCC
GGCGCC

CJCATGG
CCATGG

Me3
site

5(6)

Commercial4 Reference
source

B,G,I,N

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

N

G

N

M,N,U

B,N

A

1

1

1

1

65

1

1

1

1

1

1

45

5

50

1

1

1

1

18

1

10

1

67
1

1

1

1

1

68
1

1

1

45

1

16

G

A,B,M,N

Enzyme1 Isoschizomers

MboII

NcuI

TceI

MluI

MmeI

MnlI

MstI

AosI
FdiII

FspI
NaeI

AnfI

AprI

Eco56I
MisI
NbaI

NbrI

NmuFI

NmuI

NtaSII
PglI
Psp6l I

RluI

SaoI

SkaI

Narl
BbeAI

BbeI

BinSII
Eco78I

NamI
NdaI

NunII
SfoI

NcoI
NspSAIII

r202
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Enzyme Isoschizomers Recognition2 Me3 Commercial4 Reference
sequence site source

NdeI CAjTATG B,N 1

NheI GICTAGC M,N 1

NlaIII CATGI N 1

NiaIV GGNINCC N 1

NotI GCJGGCCGC A,G,N,R 1

NruI TCGICGA A,B,M,N,U 1

AmaI TCGCGA 1

Sbol3I TCGICGA 1

Nsp(7524)I RCATGjY A 1

NspHI RCATGIY G 1

NspBII CMGICKG G 1

PflMI CCANNNNINTGG N 45

PmaCI CACIGTG 69

Eco72I CACIGTG 70

PpuMI RGIGWCCY N 71

PstI CTGCA4G A,B,C,G,I,M,N,P,R,U 1

AU128821 CTGCAG 20

AliAJI CTGCAIG 72

Asp36I CTGCAG 49

Asp7O8I CTGCAG 1

BbiI CTGCAG 1

Bcel7OI CTGCAG 1

Bsp63I CTGCAjG 55

Bsp78I CTGCAG 55

BspBI CTGCAIG 61

BsuBI CTGCAG 1

CauIII CTGCAG 1

CflI CTGCAIG 64

EaePI CTGCAG 1

Ec177I CTGCAG 43

Ec1593I CTGCAG 31

Eco48I CTGCAG 1

Eco49I CTGCAG 1

Eco83I CTGCAG 43

Ecol33I CTGCAG 44

Ecol41I CTGCAG 41
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Me3 Commercial4 Reference
site source

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

B

4(4) A,B,G,I,M,N,P,R,U

4(4)

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

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

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

44

44

1

5
18

5

1

1

73

7

1

1

1

1

74
1

1

1

1

1

1

1,75
76

1,77,78
79
1

4

1

44

1

18
67
1

1

1

12

Enzyme1 Isoschizomers

Ecol61I
Ecol67I

MauI

MkrI

NasI

NgbI
NocI

PmaI

PmyI

SaIPI

SflI
SkaII
XmaII

XorI

XphI

PvuI

NblI
RshI

RspI

XniI

XorII
PvuII

BavI

Cfr6I
MziI

RsaI

RsrII

Sacl

Eco13611
EcoICRI

NasSI

Scol
SstI

SacII

Bacl

Cfr37I

Recognition2
sequence

CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG
CTGCAG

CTGCA4G
CTGCA4G
CTGCAG

CTGCAG

CTGCAG

CTGCAG

CGATICG
CGATICG
CGATJCG
CGATCG
CGATCG
CGAT4CG
CAGJCTG
CAGICTG
CAGJCTG
CAGCTG

GTIAC
CGiGWCCG
GAGCTIC
GAGCTC
GAGCTC
GAGCTC
GAGCTC
GAGCTjC
CCGC0GG
ccGcGG
CCGCGG
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Me3 4
Me3 Commercial
site source

Reference

B

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

12

13

13

13

1

Enzyme1

SaII

Isoschizomers

Cfr4l I

Cfr42I

Cfr43I

Cfr45II

CscI

EccI

Ec128I

EcI37I

Eco55I

Eco92I

Eco96I

Eco99I

EcolOOI

EcolO4I

Ecol34I

Ecol35I

Ecol58I

Gall

GceI

GceGLI

MraI

NgoIII

NiaSI

PaeAI

SaaI

SabI
SboI

SfrI

ShyI
SstII
TglI

HgiCIII
HgiDII
NopI
RheI

Re cognition2
sequence

CCGCGG
CCGCGG

CCGCGG

CCGCGG

CCGC4GG

CCGCGG

CCGCGG

CCGCGG

CCGCGG

CCGCGG

CCGCGG

CCGCGG

CCGCGG

CCGCGG

CCGCGG

CCGCGG

CCGCGG

CCGC4GG

CCGCIGG
CCGCIGG
CCGCGG

CCGCGG

CCGCGG

CCGCGG

CCGCGG

CCGCGG

CCGCGG

CCGCGG

CCGCGG

CCGC4GG
CCGCGG

GJTCGAC
G4TCGAC

GITCGAC
GJTCGAC
GTCGAC

49

80

33

43

43

43

41

51

44

44

41

64

64

81

1

1

1

82

45

67

1

1

1

1

1

1

1

1

1

1
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Recognition2 Me3
sequence site

GTCGAC
GTCGAC
GTCGAC
GTCGAC

GITCGAC
CCjTNAGG
CC4TNAGG
CC4TNAGG

CCITNAGG
CC4TNAGG
CCTNAGG

CCITNAGG
CCTNAGG
CCTNAGG

CC4TNAGG
CCITNAGG
CCTNAGG
AGTJACT
AGTACT

CC4NGG
CCNGG
CCNGG

CCNGG

CCNGG

CCNGG
CCNGG

CCINGG
4CCNGG 2(5)
GDGCHIC
GDGCHIC
GDGCHIC
GDGCHIC
CICNNGG
GCATC(5/9)
GGCCNNNNINGGCC
CCCIGGG 3(5)

Commercial Reference
source

M

G

B

A

N

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

N

G

G

N

p

G

N

G,N,R

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

1

1

1

1

83

1

1

1

84
1

43

85
41

41

1

16

60
1

31

1

86
33

43

86

43

41

10

48,87
1

1

1

1

60

1

1

1,88

Enzyme1 Isoschizomers

RhpI

RrhI

RroI

XamI

XciI

SauI

AocI

AxyI

Bsu36I

CvnI

Eco76I

Eco81I

Ecoll5I
Ecoll8I

MstII

OxaNI
SecIII

ScaI
Asp7631

ScrFI
Eco43I

EcoSlII

Eco8OI
Eco85I

Eco93I
Ecol53I
Msp67I
SsoII

SduI
AocII

Bsp12861
Nsp(7524)II

SecI

SfaNI
SpI
SmaI
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Recognition2
sequence

CICCGGG
CICCGGG
CICCGGG
TAC4GTA
TACLGTA
TACGTA

GTATAC

AICTAGT
GCATGIC
GCATGIC
GCATGC

CIGTACG
AATLATT

AGGICCT
AGGCCT

AGGCCT

AGGCCT

AGGJCCT
AGGCCT

CLCWWGG
CCWWGG

CICWWGG
CCWWGG

TjCGA
TCGA

TICGA
GACCGA(11/9)
CACCCA(1 1/9)
GACN4NNGTC
GACNNNGTC

GACNNNGTC

GACNNNGTC

GACNNNGTC
GACNNNGTC

CAARCA(1 1/9)
TLCTAGA

Me3
site

2(4)

Commercial4
source

p

G,I,N,R

G,M,N

Reference

1

1

1

M,N

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

A

M,N

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

I,U

B,C,G,N,R

A

4(6) B,C,G,I,M,N,P,R,U

4(6) A

A,I,N,P

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

Enzyme1 Isoschizomers

Cfr9I
XcyI

XmaI

SnaBI
EcolOSI

Ecol58II

SnaI

SpeI

SphI

PaeI

SpaXI

SpII
SspI

StuI

AatI
Asp78I

Ecol47I

GdiI

NtaSI

StyI

Ecol30I

EcoT14I

EcoT1O4I

TaqI

TflI
TthHB8I

TaqII7
TaqII7
TthlllI

FsuI

NtaI

SpilI
TteI

TtrI

TthlllII

XbaI

89

41

1

1

1

90
1

56

1

1

1

31

28

1

18

1

28

1

1

1

1,91
1

1

1

67

18

56

1

1

1

1
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Enzyme Isoschizomers

XhoI

AbrI

Asp47I

Asp703I

BbiIII

BluI

BssHI

BstHI

BstVI

BsuMI

BthI

CcrI

DdeII

McaI

Mecl

MsiI

PaeR7I

PanI

PflWI
Sau32391

SciI

Scul

SexI

SgaI

SgoI

Slal

SluI

SpaI
XpaI

XhoII

MflI
XmaIII

EagI
Eco52I

XmnI

Asp700I

Recognition2
sequence

CITCGAG
CITCGAG
CTCGAG

CTCGAG

CTCGAG

CITCGAG
CTCGAG

CTCGAG

CTCGAG

CTCGAG

CTCGAG

C4TCGAG
CTCGAG

CTCGAG

CTCGAG

CTCGAG

CITCGAG
C4TCGAG
CTCGAG

C4TCGAG
CTCJGAG
CTCGAG

CTCGAG

CTCGAG

CTCGAG

C4TCGAG
CTCGAG

CTCGAG

C4TCGAG
RJlGATCY

RIGATCY
C4GGCCG
C4GGCCG
C4GGCCG
GAANNINNTTC
GAANNINNTTC

Me3 Commercial4 Reference
site source

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

3(5)

N

G

G,M,N

A

4(5) B,G

N

A,U

N

M

1

1

31

1

1

1

1

1

92

1

1

1

1

1

79

1

1

1

1

93

10

1

1

1

1

1

1

1

1

1

94

1

95

50,96
1

1
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Type I enzymes

Enzyme Recognition sequence Me site3 Reference

EcoAI GAGNNNNNNNGTCA 2(6) -3(6) 1

EcoBI TGANNNNNNNNTGCT 3(6) 1

EcoDI TTANNNNNNNGTCY 1

EcoDXXI TCANNNNNNNATTC 1

EcoKI AACNNNNNNGTGC 1

EcoRl24I 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

EcoPl5I CAGCAG 1

EcoPI AGACC 3(6) 1

HinflIl CGAAT 1

HineI CGAAT 1

FOOTNOTES

1. * signifies that DpnI 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 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 or C or G or T

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) = N -methyladenosine, (5) = 5-methylcytosine, (4) =

N4-methylcytosine.
4. 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)
I International Biotechnologies Inc (2/87)
M Boehringer-Mannheim (11/86)
N New England Biolabs (2/87)
P Pharmacia P-L Biochemicals (1/87)
R Promega Biotec (1/87)
U United States Biochemical Corporation (2/87)

5. EcoRII 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 MvaI will
cleave such a sequence. Isoschizomers of EcoRII that are like MvaI are
indicated by +.

6. MboI isoschizomers fall into two classes based upon their sensitivity to
methylation. MboI will not cleave when the recognition sequence contains
6-methyladenosine, whereas Sau3AI will not cleave when its recognition
sequence contains 5-methylcytosine. Isoschizomers of MboI that are like
Sau3AI are indicated by +.

7. TaqII differs from other restriction enzymes in recognizing two distinct
sequences: GACCGA(1 1/9) and CACCCA(l l/9).
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Alphabetical listing of Type II restriction enzymes

AacI (BamHI)
AatII
AccI
AcyI
Afl1II
AhaIII
AU2882I (PstI)
AluI
AntI (NaeI)
AorI (EcoRII)
ApaI
ApuI (AsuI)
Asp36I (PstI)
Asp78I (StuI)
Asp7O3I (XhoI)
Asp718I (KpnI)
Asp763I (Scal)
Asul
AtuBI (EcoRII)
AvaI
AvrI (AvaI)
Bac36I (AsuI)
BamFI (BamHI)
BamNI (BamHI)
BanII (HgiJII)
BbeAI (VarI)
BbiII (AcyI)
BbvI
Bce2431 (MboI)
BceRI (FnuDII)
BglI
BInSI (EcoRII)
BlulI (HaeIII)
BsaPI (MboI)
BseII (HpaI)
BsoPI (BsePI)
Bsp67I (MboI)
Bsp76I (MboI)
BsplO6I (ClaI)
Bsp226I (HaeIII)
BspBII (Asul)
BspMII
BsrPII (MboI)
BssGII (MboI)
Bst3lI (BstEII)
BstEIII (MboI)
BstGII (EcoRII)
BstNI (EcoRII)
BstVI (XhoI)
BsulO76I (HaeIII)
Bsu1192II (FnuDII)
Bsu66331 (FnuDII)

AaeI (BamHI)
AbrI (XhoI)
AccII (FnuDII)
AflI (AvaII)
AhaI (CauII)
A1112257I (BamHI)
AliAJI (PstI)
AlwI (BinI)
AocI (SauI)
AosI (MstI)
ApaLI
ApyI (EcoRII)
Asp47I (XhoI)
Asp6971 (AvaII)
Asp7O7I (ClaI)
Asp742I (HaeIII)
AspAI (BstEII)
AsuII
AtuCI (Bcll)
AvaIl
AvrII
BacI (SacI)
BamHI
BamNxl (AvaII)
BanIII (ClaI)
BbeI (Narl)
BbiIII (XhoI)
BbvII
Bce7lI (HaeIII)
Bcll
BglIl
BinSIl (NarI)
Bme216I (AvaIl)
BscI (ClaI)
BsePI
Bsp63I (PstI)
Bsp7lI (HaeIII)
Bsp78I (PstI)
Bspl286I (SduI)
BspAl (MboI)
BspHI
BspRI (HaeIII)
BssCI (HaeII)
BssHI (XhoI)
BstCI (HacIlI)
BstFI (HindIII)
BstHI (XhoI)
BstPI (BstEII)_
BstXI
Bsu14I (HaeIII)
Bsul193I (FnuDII)
BsuBI (PstI)

AatI (Stud)
AccEBI (BamHI)
AccIII (BspMII)
AJlII
AhaII (AcyI)
A1112258I (BamHI)
AlIl (BamHI)
AmaI (NruI)
AocII (SduI)
AosII (AcyI)
AprI (NaeI)
Aqul (AvaI)
AspS2I (HindIII)
Asp700I (XmnI)
Asp7O8I (PstI)
Asp7481 (HpaII)
AstWI (AcyI)
AsuIl (AcyI)
AtulI (EcoRII)
AvaIII
AxyI (SauI)
BalI
BamKI (BamHI)
BanI (HgiCI)
BavI (PvuII)
BblI (PstI)
BbrI (HindIII)
Bce17OI (PstI)
BceFI (FnuDII)
BcnI (CauII)
BinI
Blul (XhoI)
Bpel (HlndIII)
BseI (HaeIII)
BsmI
Bsp64I (MboI)
Bsp74I (MboI)
BsplOSI (WboI)
Bsp211I (HfaeIII)
BspBI (PstI)
BspMI
BsrHI (BsePI)
BssGI (BstXI)
BssHII (BsePI)
BstElI
BstGI (BclI)
BstI (BamHI)
BstTI (BstXI)
BstXII WMboI)
Bsull92I (HpaII)
Bsu36I (SauI)
BsuEII (FnuDII)
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BsuFI (HfpaII)
BthI (XhoI)
BvuI (HgLJII)
CauIII (PstI)
CeqI (EcoRV)
CfrI
Cfr6I (PvuI I)
Cfr9I (SmaI)
Cfrl3I (Asul)
Cfr2OI (EcoRII)
Cfr24I (EcoRII)
Cfr28I (EcoRII)
Cfr3lI (EcoRII)
Cfr35I (EcoRII)
Cfr39I (CfrI)
Cfr42I (SacII)
Cfr45II (SacII)
Cfr48I (HgIJII)
Chul (HindIII)
CtmI (HaeIII)
CpaI (MboI)
CscI (SacII)
CvLAI (MboI)
CviDI (HinfI)
CvIGI (HinfI)
DdeII (XhoI)
Dpnll (MboI)
DralIl
Bae! (CfrI)
EcaI (BstEII)
Ect28I (SacII)
Ec177I (PstI)
EcIS39I (EcoRII)
Eco26I (HLgIJII)
Eco35I (HgiJII)
Eco40I (EcoRII)
Eco43I (ScrFI)
Eco47III
Eco5OI (HgiCI)
EcoS2I (XmaIII)
Eco57I
Eco64I (HgLCI)
Eco68I (HgiJII)
Eco72I (PmaCI)
Eco80 (ScrFI)
Eco83I (PstI)
Eco9OI (Cfrl)
Eco93I (ScrFI)
Eco97I (Eco3DI)
EcolOOI (SacII)
EcolOSI (SnaBI)
Ecoll8I (SauI)
Ecol28I (EcoRII)
Ecol33I (PstI)

BsuM (XhoI)
BthII (BinI)
Caul (AvaII)
CcrI (XhoI)
CflI (PstI)
Cfr4I (AsuI)
Cfr7I (BstEII)
CfrlOI
Cfrl41 (CfrI)
Cfr22I (EcoRII)
Cfr25I (EcoRII)
Cfr29I (EcoRII)
Cfr32I (HindIII)
Cfr37I (SacII)
Cfr4OI (CfrI)
Cfr43I (SacII)
Cfr46I (AsuI)
CfrS37I (EcoRII)
ChuII (HindII)
CimIl (AvaII)
CpeI (BccI)
CthI (BccI)
CviBI (Hinf1)
CviEI (HinfI)
CvnI (SauI)
Ddsl (BamHI)
Dral (AhaIII)
DsaI
EaePI (PstI)
EcaII (EcoRII)
Ec137I (Sacll)
Ec1593I (PstI)
Eco24I (HLgiJII)
Eco31I
Eco38I (EcoRII)
Eco41I (EcoRII)
Eco47I (AvaIl)
Eco48I (PstI)
Eco5lI (Eco31I)
Eco55I (Sacll)
Eco60I (EcoRII)
Eco65I (HindIII)
Eco7OI (EcoRII)
Eco76I (SauI)
Eco81I (SauI)
Eco85I (ScrFI)
Eco91I (BstE!I)
Eco95I (Eco31I)
Eco98I (HindIII)
EcolOlI (Eco311)
Ecoll3I (HgiJII)
Ecol20I (Eco3lI)
Ecol29I (Eco31I)
Ecol34I (SacIl)

BsuRI (HaelII)
BtiI (AvaII)
CaulI
Cdi27I (EcoRII)
CfoI (HhaI)
Cfr5I (EcoRII)
Cfr8I (Asul)
Cfrl 1I (EcoRII)
Cfrl9I (BstElI)
Cfr23I (Asul)
Cfr27I (EcoRII)
Cfr3OI (EcoRII)
Cfr33I (Asul)
Cfr38I (CfrI)
Cfr4lI (SaclI)
Cfr45I (AsuI)
Cfr47I (Asul)
CfuI (DpnI)
Cial
CitI (HaeIII)
Cpfl (MboI)
CthII (EcoR II)
CvICI (HinfI)
CviFl (HinfI)
Ddel
DpnI
DraII
DsaII (HaeIII)
EagI (XmaIII)
EccI (SacII)
EcI66I (EcoRII)
EcII (EcoRII)
Eco25I (HgiJII)
Eco32I (EcoRV)
Eco39I (Asu!)
Eco42I (Eco3lI)
Eco47II (Asul)
Eco49I (PstI)
Eco5 II (ScrFI)
Eco56I (NaeI)
Eco61I (EcoRII)
Eco67I (EcoRII)
Eco71I (EcoRII)
Eco78I (Nar)
Eco82I (EcoRI)
Eco88I (Aval)
Eco92I (SacII)
Eco96I (SacII)
Eco99I (SacII)
EcolO4I (SacII)
Ecoll5I (SauI)
Ecol27I (Eco31I)
Ecol30I (StyI)
Ecol35I (SacII)
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Ecol36I (EcoRII)
Ecol47I (StuI)
Ecol55I (Eco31I)
Ecol58I (SacII)
Ecol61I (PstI)
Ecol65I (EcoRII)
EcoO109I (Drall)
EcoRV
EcoT22I (AvaIlI)
ErpI (AvaII)
FbrI (Fnu4HI)
FinI
Fnu4HI
FnuCI (MboI)
FnuDIII (HhaI)
Fsfl (Eco57I)
FspMI (FnuDII)
Gal! (Sacl!)
GdiI (StuI)
Gin! (BamHI)
HacI (MboI)
HaelII
HgiAI
HgiCII (AvaII)
HgIDII (Sall)
HgiGI (Acyl)
HgiHIII (AvaIl)
HgiS21I (Caul)
HhgI (Hae!!l)
Hinl 160II (HindII)
HinbIl (HlndIII)
HindIII
HinGUI (HhaI)
HinJCI (HindII)
HinSlI (HhaI)
HpaII
Kpn2I (BspMII)
Lspl (Asull)
MaelIl
MboII
Meul (MboI)
MJaI (Mae!)
MkrI (PstI)
Mit! (Alul)
Mmel DMboI)
MnII
MnnIV (HhaI)
Mosl (MboI)
MsiI (XhoI)
MspI (HpaI!)
MthI (MboI)
NaeI
Nan!I (DpnI)
NasI (PstIl)

Ecol36Il (Sac!)
Ecol49I (Kpnl)
Ecol56I (Eco3lI)
Ecol58II (SnaBI)
Ecol62I (Eco3lI)
Ecol67I (PstI)
EcoRI
EcoT104I (Sty!)
EcoT38I (EgiJII)
EspI
FdiI (AvaII)
FinII (fhpaII)
FnuAI (HinfI)
FnuDI (HaellI)
FnuEI (Mbol)
FspI (Mst!)
FspMSI (AvaII)
GceGLI (SacII)
GdiII
Goxl (BamHI)
HaeI
Hap!I (HpaHI)
HgiBI (AvaII)
HgiCIII (SalI)
HgiEI (AvaII)
HgiHI (HgiCI)
HgiJI (AvaII)
Hhal
Hin1O56l (FnuDII)
Hinll6lII (HindII)
Hincl! (HindII)
HinfI
HinGUII (FokI)
HInJCII (HindIII)
HinS2I (HhaI)
HphI
KpnI
MaeI
MauI (PstI)
McaI (XhoI)
MflI (XhoII)
MjaII (Asu)
Mlal (Asul)
MIUlI
MniI (HaeIII)
MnnI (HindII)
MnoI (HpaII)
MphI (EcoRII)
Msp67I (ScrFI)
MstI
MvaI (EcoRII)
Nam! (Narl)
NarI
NasSI (Sac!)

Ecol4l1 (Pstl)
Ecol53I (ScrFI)
Ecol57I (Eco3lI)
Ecol59I (EcoRI)
Ecol64I (CfrI)
EcoICRI (SacI)
EcoRII
EcoTl4I (Sty!)
EcoVIII (HindIII)
Fbal (Bcl)
FdiII (MstIl)
FinSI (HaelII)
FnuAlI (Mbol)
FnuDII
Fokl
FspII (Mu!!)
FsuI (Tthl 11 I)
Gce (Sac!!)
GdoI (BamHI)
Gsul
HaeII
HgaI
HgiCI
HgiDl (AcyI)
HgiEII
HgiHII (Acyl)
HgiJII
HhaII (HinfI)
HinlO76!I! (HindIII)
Hinl731 (HindIII)
Hind!!
HinfII (HindIII)
HinHI (HaeII)
HinPlI (Hhal)
Hpal
HsuI (HindIII)
KpnKl4I (KpnI)
MaeIl
MboI
MecI (Xho)
Mis! (Nael)
MkiI (HindIII)
Miel (BamHI)
Mme!
MnII (HpaII)
MnnII (HaelII)
MnoIII (MboI)
MraI (SacII)
Msp67II (Mbo!)
Mstl! (SauI)
Mzi! (PvuII)
NanI (EcoRV)
NasBI (BamHI)
NbaI (NaeI)
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NbiI (PvuI)
NclI (CauII)
NdaI (Narl)
NflAI (EcoRV)
NgbI (PstI)
NgoIII (SacII)
NiaII (MboI)
NiaSI (SaclI)
NmuDI (DpnI)
NmuFI (NaeI)
NocI (PstI)
NovII (HinfI)
NsIHI (HinfI)
Nsp(7524)II (SduI)
Nsp(7524)V (WuO)
NspBII
NspMACI (BgilII)
NspSAIII (NcoI)
Nsul (MboI)
NtaSII (NaeI)
OxaNI (Saul)
PaeR7I (XhoI)
Panl (XhoI)
P,flWI (XhoI)
Pmal (Pst)
Ppal (Eco31I)
Psp6lI (NaeI)
PstI
RheI (SalIl)
RiuI (NaeI)
Rsal
Rspl (PvuI)
SaaI (SacIl)
SacIl
SaoI (NaeI)
Sau67821 (MboI)
Sbol31 (NruI)
Scil (XhoI)
ScrFI
SdyI (Asul)
SeclIl (Saul)
SfaI (HaeIII)
Sfll (PstI)
SfrI (SacIl)
SgrIl (EcoRII)
SinMI (MboI)
Slal (XhoI)
SnaBI
SpaI (XhoI)
SphI
Splll (HaeIII)
SspI
SstIV (BcuI)
SuaI (HaeIII)

NbrI (NaeI)
NcoI
NdeI
NflAII (MboI)
NgoI (HaeII)
NheI
NtaIII
NlaSII (AcyI)
NmuEI (DpnI)
NmuI (NaeI)
NopI (SalI)
NruI
NsiI (AvaIII)
Nsp(7524)III (Aval)
NspAI (MboI)
NspHI (Nsp(7524)I)
NspSAI (AvaI)
NspSAIV (BamHI)
NtaI (TthllI)
NunlI (NarI)
PaeAI (SacII)
Pail (HaeIII)
PfaI (MboI)
PglI (NaeI)
PmyI (PstI)
PpuI (Haelll)
PspI (AsuI)
PvuI
RhpI (SalIl)
RrhI (SalIl)
RshI (PvuI)
RsrI (EcoRI)
SabI (SacII)
Sall
Sau3239I (XhoI)
Sau961 (Asul)
SboI (SacII)
SciNI (HhaI)
Scul (XhoI)
SecI
SexI (XhoI)
SfaNI
SfnI (AvaII)
SgaI (XhoI)
Shyl (SacII)
Skal (NaeI)
Slul (XhoI)
SnaI
SpaXI (SphI)
Spil
SsoI (EcoRI)
SstI (Sacl)
Stul
SulI (HaeIlI)

NcaI (HinfI)
NcuI (MboII)
NdeII (MboI)
NflI (MboI)
NgoII (HaeII)
Nlal (HIaeIII)
NlaIV
NmiI (KpnI)
NmuEII (AsuI)
NmuSI (AsuI)
NotI
NsiAI (MboI)
Nsp(7524)I
Nsp(7524)IV (AsuI)
NspBI (AsuII)
NspHII (AvaII)
NspSAII (BstEII)
NsuDI (DpnI)
NtaSI (Stul)
OxaI (Alul)
PaeI (SphI)
Pail (HaeIII)
PflMI
PmaCI
PovI (BclI)
PpuMI
PssI (DraII)
PvuII
RhsI (BamHI)
RroI (Sall)
RshII (Caull)
RsrII
Sacl
SaiPI (Pstl)
Sau3AI (MboI)
Saul
Scal
Scol (Sacl)
SduI
SecII (HpaII)
SfaGUI (HpaII)
Sfil
Sfol (Narl)
SgoI (XhoI)
SinI (AvaIl)
SkaII (PstI)
SmaI
SnoI (ApaLI)
SpeI
SpII (Tthl 11I)
SsoII (ScrFI)
SstII (SaclI)
StyI
TaqI
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Taq II 7aqXI (EcoRlI) TceI (MborI)
rfl1 (Taql) Tgll (Sual) Thal (Fnul)IlI)
TLel (TthlllI) Tthll1I Tthlllll
7thHB81 (TaqI) Ttnl (Haelll) TtrI (TthlI 1I)
V-haI (HaelII) Xaml (Sall) XbaI
XciI (SaIl) XcyI (Smal) XhoI
XholI Xmal (Smal) XmaIlI (Pstl)
XmaIII XmnI XniI (PvuI)
XorI (PstI) Xorl I (PvuI) XpaI (Xhol)
XphI (PstI) Zani (EcoRII)
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