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ABSTRACT the files at the www and ftp sites have been updated, and listing

) ) ) _ new enzymes, newly available formats, enzyme name changes,
REBASE is a comprehensive database of information etc. To join the mailing list or for more information, contact either
about restriction enzymes and their associated methy- author [e-mail: macelis@neb.com or roberts@neb.com; tel: +1
lases, including their recognition and cleavage sites (508) 927-3382; fax +1 (508) 921-1527].
and their commercial availability. Information from Since last year, we have added another commercial supplier of
REBASE is available via monthly electronic mailings restriction enzymes, Advanced Biotechnologies Ltd, and RE-
as well as via anonymous ftp, WAIS/gopher and BASE now contains contact information for the distributors of
through the World Wide Web (http://www.neb.com/ each company listed.
rebase ). Specialized files are available that can be Listed below are a number of name changes that have taken
used directly by many software packages. place during the last year.

Old name New name (Prototype) Recognition sequence

INTRODUCTION Plo2141  Ple214l Hadll) GGCC
The restriction enzyme database, REBASE, is a collection Cd:\I;1|24/3| Egﬁ.ﬁf‘m g :ém“m“g?;\%
information about restriction enzymes and methylases. Since t 51911 RMai95!l (EcaRV) GATATC
last description of the contents of REBASIE, (131 new entries Rsr523 Rm&01l Mad) CTAG
have been added. These include three Type Il enzymes with n (5341 Rm&231 (Asul) TTCGAA
specificities and five new neoschizomers (isoschizomers th (5541 Uth5541 (Aval) GGWCC

cleave at a position different from their prototype) shown in Tabl

1. Homing endonuclease®) @are also listed in REBASE and six Essglsg E?&g?l(&wl)l) :lr_g(éggAA
of the 29 known are commercially available (Tah)l@mong the

2821 restriction enzymes now known, there are 18 fullpicroorganisms identified:

characterized Type | specificities, 210 different Type Il specifi-

" . e - . Old name New name (Prototype) Recognition sequence
cities and four different Type Il specificities. Tallleontains a UbaCl Tat WGTACW

listing of all prototype restriction enzymes (Types |, Il and Il1),
together with their commercially available isoschizomers an Eﬂggg: Egéi: (QE\Q/];)I) gg\?vl\él\éNNNGGc
neoschizomers. REBASE currently stores 3922 published refqg—thSlZI Tsi8581 (Tad) TCGA

ences, with abstracts, and 446 unpublished observations.
REBASE is updated daily. Each month, a set of REBASE daﬁmgg?: gzggzol_'(':;ﬂ;) (EI;CCGCAA

files are released publically and distributed to the scientifi% h558l Bsi2411 (Asul) TTCGAA
community, at no charge, via e-mail. They can also be retriev h559! Ts2731 ECARV) GATATC
by anonymous ftp (www.neb.com, in pub/rebase), WAI ths5011  Ts273ll (Haell) GGCC

(www.neb.com, port 210) or through the World Wide We
(http://mwvww.neb.com/rebase ). These data files are ASCII t(glfﬁﬂgg%: Fﬁg‘i: (Hag”) gggg

files, many of which are designed specifically for use with a S8l (Hadlll)

variety of software packages such as GCG, IGSuite, GENEPRO|n forming Tablesl and2, all endonucleases cleaving DNA at
Staden, DNA Strider, Pro-Cite, PC/Gene, SEQAIDIl, GENE-a specific sequence have been considered to be restriction
TYX, DNASIS, CAD Gene and Reference Manager. Other datanzymes, although in most cases there is no direct genetic
files include a complete set of references, including abstracts, éwidence for the presence of a restriction—modification system.
papers on restriction enzymes and methylases; a list of dlhe endonucleases are named in accordance with the proposal of
commercial suppliers of restriction enzymes and methylaseSmith and Nathans3).

complete with contact information and a listing of enzymes they We request that authors wishing to cite REBASE use this article
currently sell. New data files are constantly being added and eaat a general reference for the complete listing that is available
release of REBASE includes a monthly newsletter indicating thalectronically.

* To whom correspondence should be addressed. Tel: +1 508 927 3382; Fax: +1 508 921 1527; Email: roberts@neb.com
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Table 1.
Microorganism Enzyme (prototype) Recognition sequence Reference
Bacillus circulans Bcivi GTATCC (6/5) 4
Stenotrophomonas maltophilia Sml C1TYRAG 5
Unidentified bacterium SS2-322 UbaEl CACCTGC 7

Recognition sequences use the standard abbreviafians][ Biochem(1985)150, 1-5] to represent ambiguity.
R=AorG B=notA(CorGorT)
Y=CorT D=notC(AorGorT)
M=AorC H=notG (AorCorT)
K=GorT V=notT (AorCorG)
S=GorC N=AorCorGorT
W=AorT
Recognition sequences are written frontdb3, only one strand being given, and the point of cleavage is indicated by an gyrdvMhén no arrow appears, the
precise cleavage site has not been determined. For enzymes BuiVil aghich cleaves away from its recognition sequence, the sites of cleavage are indicated
in parentheses. Thus GTATCC (6/5) indicates cleavage as shown below:
5'-GTATCCNNNNNN3 ‘
3'-CATAGGNNNNNS '

In all cases the recognition sequences are oriented so that the cleavage sites lie'esidbeir 3

Table 2.Homing endonucleases

Prototypé Isoschizomers Recognition sequenke Me sit¢ Commercial sourée
Aatll GACGT1C ADEFKLMNOPRS
Acd GTtMKAC 5(6) ABDEGJKLMNOPQRS
Acdll CAGCTC(7/11)
Acil CCGC(-3/-1) N
Acll AATCGTT |
Psp406I AATCGTT DFMN
Acyl GR1CGYC IM
Bbill GR1CGYC K
BseHI GR1CGYC NS
Hinl1l GR1CGYC EFO
Hspo2l GRICGYC R
Mspl7I GRICGYC )
Aflll C1TTAAG ABJKNOS
Bfrl Ct1TTAAG MO
Bsprl Ct1TTAAG DF
Bs®8I C1 TTAAG R
MspCl C1 TTAAG C
Vhaa64l Ct TTAAG I
Al A1CRYGT ABMN
Agd A1CCGGT ?(5) JINR
AsiAl A1CCGGT I
PinAl A1CCGGT BM
Ahall TTT1AAA
Dral TTT1AAA ABDEFGIJKLMNOPQRS
Alul AG1CT 3(5) ABCDEFGHIJKLMNOPQRST
AlwNI CAGNNN1CTG ABNS
Apal GGGCCIC 4(5) ABEGIJKLMNOPQRS

Bspl 20l G1GGCCC DFN
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Table 2.continued

Prototypé Isoschizomers Recognition sequenke Me sit¢ Commercial sourée
PspOMI Gt GGCCC |
ApaBI GCANNNNN1®TGC
Apall Gt TGCAC ?(5) ADEKNS
Alw44l Gt TGCAC FIMOR
Vnd G1TGCAC |
Apd RTAATTY 2(6) N
Acd R1TAATTY DIM
Asd GG1CGCGCC ?(5) N
Asu GtGNCC
AsB9I Gt GNCC |
BsizI G1GNCC T
Cfr13l GrGNCC 4(5) DFKO
Fmu GGNCi1C
Sapél GrGNCC 4(5) AJLMNORS
Asul TT1CGAA
Bpulé4l TT1CGAA |
BsiCl TT1CGAA T
Bspl19I1 TTt CGAA DF
BsBI TT1CGAA NS
Chil TT1CGAA J
Cspabl TT1CGAA OR
Lspl TT1CGAA L
Nspv TT1CGAA ABJKO
Sfu TT1CGAA M
Avd C1YCGRG ?(4) ABEGJKLMNOPQRS
AmaB7I CtYCGRG DI
Bcd Ct1YCGRG AT
BsB| C1YCGRG 2(4) N
Ecag8l CtYCGRG F
NIi387/71 CYCGR G
Avall GtGWCC ?(5) ABEGJKMNPQRS
Bmel 8| GtGWCC |
Ecod7l GtGWCC FO
HgiE| Gt GWCC 2(5) D
Sinl G1GWCC 4(5) LR
VpaK11Al tGGWCC
Avdlll ATGCAT
BfrBI ATG 1 CAT
Ecor22i ATGCAT T AKO
Mph1103I ATGCA' T F
Nsil ATGCA1'T BDEHJLMNRS
PpulOl AT TGCAT DEN
Zsp2l ATGCATT |

Avrll C1CTAGG N
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Prototypé Isoschizomers Recognition sequenke Me sit¢ Commercial sourée
Binl C1CTAGG AKM
BspA2I C1 CTAGG |
Bad® (10/15) ACNNNNGTAYC(12/7) 1(6),—4(6)
Ball TGGt1CCA 4(4) AJKR
MIuNI TGG1CCA M
Msd TGG1 CCA BDNOS
BarHlI G1GATCC 5(4) ABCDEFGHIJKLMNOPQRST
Bbv GCAGC(8/12) 2(5),-2(5) N
Bst71l GCAGC(8/12) R
BbwlI GAAGAC(2/6)
Bbd GAAGAC(2/6) N
Bpil GAAGAC(2/6) DF
BpuAl GAAGAC(2/6) M
Bcd CCATC
BceB3l CTTGAG(16/14)
Bedl ACGGC(12/13)
Bcg® (10/12)GCANNNNNNTCG(12/10)  3(6),-3(6) N
Bcivi GGATAC
Bcll T1GATCA BCDEFGJLMNOPRS
BsiQIl T1GATCA T
Fbal T1GATCA AK
Ksp22| Tt GATCA |
Bet W1 CCGGW
Bsawl W1t CCGGW N
Bfil ACTGGG(4/11) F
Bgll GCCNNNNtNGGC ?(4) ABCDEFGHIJKLMNOPQRST
Bglll A1 GATCT 5(4) ABCDEFGHIJKLMNOPQRST
Binl GGATC(4/5)
AclwI GGATC(4/5) |
Alwi GGATC(4/5) NS
Bmd GKGCCC
Bpll GAGNNNNNCTC
BpulOl CCTNAGC(-5/-2)
BsaAl YAC 1 GTR N
BsBAI YAC1GTR |
BsaBl GATNN1NNATC N
Bsel GATNN1NNATC |
BsHL365I GATNNt NNATC DF
BsiBlI GATNN 1t NNATC
BsBRI GATNN1NNATC
Maml GATNN 1t NNATC ?(6)
BsaXI| ACNNNNNCTCC
BsH CAACAC
BsdGl CCCGT
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Table 2.continued

Prototypé Isoschizomers Recognition sequenke Me sit¢ Commercial sourée
BsePl| G1CGCGC |
BsdHll G1CGCGC ?(5) ABDEJKLMNOPQR
Pau G1CGCGC F
BseRl GAGGAG(10/8) N
Bsd GTGCAG(16/14) N
Bsil CACGAG(-5/-1)
BssSI CACGAG(-5/-1) N
BseBI CACGAG(-5/-1) DI
BsiYl CCNNNNN1NNGG MT
Bsatl CCNNNNN1NNGG |
Bsll CCNNNNN1tNNGG N
Bsmi GAATGC(1/-1) ABDEJLMNOS
Bsaul GAATGC(1/-1) R
BscCl GAATGC(1/-1) T
Mval269I GAATGC(1/-1) F
BsnAl GTCTC(1/5) N
Alw261 GTCTC(1/5) 3(5),-4(6) DFNR
Bsp4le (8/13)GACNNNNNNTGG(12/7)
Bspl4071 Tt GTACA DF
BsIGlI Tt1GTACA N
SsiBl T1GTACA
BspGl CTGGAC
BsHI T1CATGA AN
Rcd T1CATGA BM
BspLU11l At CATGT
BsgMl ACCTGC(4/8) N
BspMll T1CCGGA
Acdll T1CCGGA EJKQR
BseAl T1CCGGA CM
BsiMI T1CCGGA AT
Bspl3l Tt CCGGA I
Bs(El T1CCGGA N
Kpn2l Tt1CCGGA BDF
Mrol T1CCGGA MO
Bst ACTGG(1/-1) N
Bsell ACTGG(1/-1) [
BseNl ACTGG(1/-1) DF
BsrSI ACTGG(1/-1)
BsiBI CCGCTC(-3/-3)
AcaBSI CCGCTC(-3/-3) DI
BsiI GCAATG(2/0) N
BseSDI GCAATG(2/0) |
BstEll G1GTNACC BDGHIJLMNORS
BsPI Gt GTNACC K
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Prototypé Isoschizomers Recognition sequenke Me sit¢ Commercial sourée
Ecd91l Gt GTNACC F
EcaO65I Gt GTNACC AK
Ps[EI G1GTNACC |
BsiXI CCANNNNN1TNTGG ABDEFGHJKLMNOQRS
Caal GCNtNGC N
Caul CC1SGG
AsuC2I CCt SGG |
Benl CC1SGG 2(4) ADFK
EcaHI 1CCSGG
Ncil CC1SGG BEJLMNORST
Cfrl Y 1GGCCR 4(5) F
Ead Y 1GGCCR 4(5) ADKLMNS
Cfr10l Rt CCGGY 2(5) ADFKMO
Bsel18l Rt CCGGY |
BsiFl Rt CCGGY N
Bs4Al R1CCGGY
Cjel® (8/14)CCANNNNNNGT(15/9)
CjePle (7/13)CCANNNNNNNTC(14/8)
Clal AT 1 CGAT 5(6) ABKMNPRST
Banll AT 1 CGAT O
Bsa29l ATt CGAT |
Bsd AT 1 CGAT L
BseCl AT 1CGAT 5(6) c
BsiXI AT 1 CGAT T
BspLO6I AT1CGAT 5(6) E
BsDI AT 1t CGAT N
BspX AT 1 CGAT G
Bsul5I ATt CGAT 5(6) DF
CviJl RGI CY 3(5) Q
CViRI TG1CA 4(6)
Ddd C1TNAG 1(5) ABEGLMNOR
BsDEI Ct TNAG DI
Dpnl” GmATTC ABLMNRS
Drall RG1GNCCY AGMS
Eco0109I RG GNCCY ABDEFJKLN
Psd RGGNCi CY
Dralll CACNNN1GTG AEGMNS
Drdl GACNNNN1TNNGTC N
DseDI GACNNNN1TNNGTC |
Drdll GAACCA
Dsd C1CRYGG M
BsDSI CiCRYGG DI
Eaml105I GACNNN NNGTC DFK
Ahd GACNNNTNNGTC N
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Table 2.continued

Prototypé Isoschizomers Recognition sequenke Me sit¢ Commercial sourée
AsfEIl GACNNNTNNGTC M
EcIHKI GACNNN1TNNGTC R
NruGl GACNNNtNNGTC |
Ecil TCCGCC
Eca3ll GGTCTC(1/5) 4(5),-4(6) DF
Bsd GGTCTC(1/5) N
Ecoa7ll AGCtGCT BDEFLMNOR
Afd AGC1GCT |
Aor51HI AGCtGCT AK
Ecdb7I CTGAAG(16/14) 5(6),—5(6) DFNS
EcoNI CCTNN? NNNAGG ANS
EcaRl Gt AATTC 3(6) ABCDEFGHIJKLMNOPQRST
Ecarllf tCCWGG 2(5) BEJMOS
+ BsiLl CCtWGG T
+ BsiNI CCtWGG 2(4) CENS
+ Bs©OI CCtWGG R
+ Bseul CCtWGG |
+ Mval CCtWGG 2(4) ADFKMO
EcoRV GATtATC 2(6) ABCDEGHIJKLMNOPQRST
Eco32l GATTATC F
Esd GC1 TNAGC
Blpl GC1 TNAGC N
Bpul102I GG TNAGC BDEFK
Bspl 720l GG TNAGC |
Cell GC1TNAGC ALM
EsBI CGTCTC(1/5) 4(5),~4(6) DF
BsnBI CGTCTC(1/5) N
Faul CCCGC(4/6) [
Finl GGGAC
BsnFl GGGAC(10/14) N
FnuDlII CG1CG
Acdl CG1CG AJKQ
Bshl2361 CG CG DEF
BstUI CG1CG NS
Mvnl CG1CG M
Sel 1CGCG
Tha CG1CG B
Fnu4HI GCiNGC N
Bsd-l GCiNGC N
FspaHI GCiNGC |
Ital GC1NGC M
Fok GGATG(9/13) 3(6),—2(6) ADGIJKLMNRS
Bsf5I GGATG(2/0) |
Std GGATG(10/14) 3(6),—2(6)
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Table 2.continued

Prototypé Isoschizomers Recognition sequenke Me sit¢ Commercial sourée
Fsd GGCCGG CC ?(5) AKN
Gdill CGGCCR(-5/-1)
Gsu CTGGAG(16/14) DFS
Bpm CTGGAG(16/14) N
Hael WGGt1 CCW
Hadl RGCGCrY ABDEGJKLMNORS
Bspl43ll RGCGQY F
BstH2I RGCGCY |
Lpnl RGC1 GCY
Haslll GGrCC 3(5) ABCDGHIJKLMNOPQRST
Bsh GGi1CC T
BsRI GGi1CC 3(5) Fl
Pall GGrCC E
Hgal GACGC(5/10) 3(5),—2(5) AN
HgiAl GWGCW1C
Alw21l| GWGCW C DF
AsHI GWGCW1 C M
Bbwv12| GWGCW C |
BsiHKAI GWGCW1C N
HgiCl G1GYRCC 5(5)
AcdB1l Gt GYRCC |
Banl G1GYRCC 2(5) AEMNORS
BsHNI G1GYRCC F
Eco64l Gt GYRCC DF
HgiEll ACCNNNNNNGGT
HgiJdll GRGCY1C
Banll GRGCY?C 4(5) ABKLMNOQRS
Eca24l GRGCY1C DF
Ecor38I GRGCY1C J
FriOl GRGCY1C |
Hhal GCGtC 2(5) ABGJKNOPRS
AspLEI GCGr1C |
Cfol GCG1C BLMRS
Hin6l Gt CGC DF
HinP1l Gt CGC N
HspAl G1CGC |
Hin4l GABNNNNNVTC
Hindll GTY1RAC 5(6) EM
Hincll GTY1RAC 5(6) ABCDEFGHJKLNOPQRS
Hindlll AtAGCTT 1(6) ABCDEFGHIJKLMNOPQRST
Hinfl G1tANTC ABDEFGHIJKLMNOPQRST
Hpal GTT1AAC 5(6) ABDEFGJKLMNOPQRST
BsHPI GTTtAAC I

Hpall C1CGG 2(5) BDEFGILMNOPQRS
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Table 2.continued

Prototypé Isoschizomers Recognition sequenke Me sit¢ Commercial sourée
Bsis| C1CGG C
Hapll C1CGG 2(5) AK
Hin2l Ct1CGG F
Mspl C1CGG 1(5) ABDEFGHIJKLMNOPQRS
Hphl GGTGA(8/7) 5(6),—2(5) AFNS
AsHPI GGTGA(8/7) |
Kpnl GGTAC?C 4(6) ABCDEFGHIJKLMNOPQRST
AcB5I G1GTACC DFINR
Asprisl Gt GTACC M
Ksps32l CTCTTC(1/4) M
Bstbl CTCTTC(1/4) [
Eanil104l CTCTTC(1/4) DEF
Earl CTCTTC(1/4) N
Mael C1 TAG
Bfal C1TAG N
Masll A1CGT
Tall ACGT1 FN
Tsd ACGT1 L
Masdll 1GTNAC MP
Mbol9 1GATC 2(6) ABCEFGKLNQRST
Bsdl GATC T
+ Bspl43l 1GATC DF
+ BS[KT6! GAT1C 2(6)
Cha GATCt
Dpnll 1GATC 2(6) N
Kz®l 1 GATC |
Nddl 1 GATC BDGJIM
+ SalBAl 1 GATC 4(5) ABEGHJKLMNOPQRS
Mboall GAAGA(8/7) 5(6) ABDFGJKNOQRS
Mcrl CGRY1CG
BseOl CGRY1CG R
BsHhL285I CGRY1 CG DF
BsiEl CGRY1CG N
BstMCI CGRY1CG |
Mfel CtAATTG N
Munl C1AATTG 3(6) BDEFKM
Mlul A1CGCGT ABDEFGIJKLMNOPQRS
Mmd TCCRAC(20/18)
Mnll CCTC(7/6) AEFNQ
Msd T1TAA BN
Trull Tt TAA F
Trudl Tt TAA DILMRS
Msill CAYNN 1t NNRTG N
Mstl TGCt1 GCA
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Prototypé Isoschizomers Recognition sequenke Me sit¢ Commercial sourée
Accl6l TGCtGCA DI
Avill TGC1GCA M
Fsp TGC1 GCA ABJKNOS
Mwol GCNNNNN1NNGC ?(5) N
Nad GCCi1GGC ADEKLMNOR
MroNI G1CCGGC I
NgaAlV G1CCGGC B
Ngavli G1CCGGC 2(5) NR
Narl GGr1CGCC BEJMNOPRS
Bbd GGCGCiC AK
Egd GGCiGCC |
Ehd GGCiGCC ADFNO
Kad G1GCGCC N
Mly113| GG CGCC I
Ncad C1 CATGG ?2(4) ABCDEFGHJKLMNOPQRST
BspLol C1 CATGG |
Ndd CATTATG ABDEFGJKLMNPRS
FauNDI CATTATG DI
Nhd G1CTAGC ABDEFGJKLMNOPRS
Acdl GCTAG1C
AsWNHI G1CTAGC |
Nlalll CATG1 2(6) ANOS
CviAll C1ATG 2(6)
Hspo2li CATG? R
NlalVv GGNtNCC NS
BsdlI GGNtNCC T
Bsp.l GGN1tNCC F
PsiN4l GGNtNCC |
Notl GCtGGCCGC ?(4) ABCDEFGJKLMNOPQRST
CciNI GC1GGCCGC |
Nrul TCGtCGA ABCDEGIJKLMNOQRST
Bsi68I TCGt CGA F
Nsg RCATGtY ABKM
BsiNSI RCATGtY DI
NsBlII CMG 1 CKG A
MspALll CMG1tCKG INR
Pad TTAAT 1 TAA NO
Pfl1108I TCGTAG
PfIMI CCANNNN1TNTGG ANS
AcdB7I CCANNNNTNTGG IR
Espl396I1 CCANNNNNTGG F
Var91l CCANNNN?t NTGG DFKM
Plel GAGTC(4/5) N
Mlyl GACTC(5/5)
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Table 2.continued

Prototypé Isoschizomers Recognition sequenke Me sit¢ Commercial sourée
PmeCl CACtGTG AK
BbrPI CAC1GTG MO
Ecor2l CAC1GTG DEFR
Pmll CAC1GTG N
Pmé GTTT1AAAC N
PpuMI RG1GWCCY ANO
Psbll RGtGWCCY BDF
PsPPI RG GWCCY |
PshAl GACNN1TNNGTC AKN
Pst CTGCAT G 5(6) ABCDEFGHIJKLMNOPQRST
Pvu CGAT1CG ABDEFGKLMNOPQRS
BsCl CGAT1CG E
Ple19l CGAT1CG |
Pvul CAG1CTG 4(4) ABCDEFGHIJKLMNOPQRST
RIeAl CCCACA(12/9)
Rsd GTtAC ABCDEFGIILMNOPQRST
Afal GT1AC K
Cssl G1 TAC DFN
Rsill CG1GWCCG BMNS
Cpad CG1GWCCG ADFK
Csqd CG1GWCCG EOR
Sad GAGCT1C 5(?) ACEFGHJKLMNOPQRST
Ecl136ll GAG1CTC DFN
EcdCRI GAGtCTC R
Pspl24BI GAGCT:C DI
Sst GAGCT1C BCS
Sadl CCGCi GG ACEGHJKLNOPQRST
Cfr42l CCGC GG DF
Kspl CCGCr GG M
Miu113I CCr GCGG
Sfr303lI CCGQC GG |
Ssil CCGC1 GG BS
Sal Gt TCGAC 5(6) ABCDEFGHIJKLMNOPQRST
SarDI GGrGwCCC E
Sap GCTCTTC(1/4) N
Sau CCt TNAGG
Aod CCt1TNAGG M
Axyl CC1TNAGG J
Bse21l CCt TNAGG |
Bsws6l CCt TNAGG ENRS
Cvnl CCt1 TNAGG B
EcoB1l CCt TNAGG ADFKO
Scd AGT1ACT ABCDEFGJKLMNOPQRS

Accll3l AGTtACT |
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Table 2.continued

Prototypé Isoschizomers Recognition sequenke Me sit¢ Commercial sourée
Eca255I AGTtACT F
SciFl CCtNGG ?(5) DIJMNOS
BsKI 1CCNGG N
MspR9I CCiNGG |
Sdu GDGCHr C F
Bmyl GDGCH1C M
BspL286I GDGCHC ADJKNR
Sed C1CNNGG
Bsall C1CNNGG N
BseDI C1CNNGG DF
Sexl A1CCWGGT M
SfaNI GCATC(5/9) IN
BsaAl GCATC(4/6)
Sfd C1 TRYAG
Bfm Ct1 TRYAG F
BsiSFI Ct TRYAG DI
Sfd C1 TRYAG N
Sl GGCCNNNNtNGGCC ?(4) ABCDEGIJKLMNOPQRST
Sqf GCGAT1CGC R
SgrAl CR1CCGGYG M
Siml GGGTC(-3/0)
Sma CCCt1 GGG 2(4) ABCDEFGHIJKLMNOPQRST
Cfrol C1CCGGG 2(4) FO
PspAl C1CCGGG E
Xmd C1CCGGG ?(4) ADINPRS
XmeCl Ct1CCGGG M
Smi CTYRAG
Snd GTATAC
Bst1107I1 GTAt TAC DFKMN
Bsz17I GTATAC N
SnaBl TAC1tGTA ACEKLMNRS
BstSNI TACt GTA DI
Ecal05l TACtGTA FO
Spé A1 CTAGT ABDEHJKLMNOPQRST
AcINI A1CTAGT |
SpH GCATG1C ABCDEGHIJKLMNOPQRST
Bbu GCATG:C R
Pad GCATG:C F
Spl C1GTACG AK
BsiwI C1GTACG MNO
Pfl23lI1 C1GTACG DF
Psp.I C1GTACG |
Surl C1GTACG B

Srl GCCCr GGGC EO
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Table 2.continued

Prototypé Isoschizomers Recognition sequenke Me sit¢ Commercial sourée
Ss&3871 CCTGCAI GG AK
Sbi CCTGCA1 GG DI
Sdd CCTGCAI GG F
Ss@6471 AGt GWCCT
Ssp AAT 1 ATT 2(6) ABCDEFIJKLMNOQR
Stu AGGtCCT ABEJKLMNPQRST
Aat AGG1CCT e}
Ecol471 AGGICCT DF
Pme5I AGG? CCT |
Ss@| AGG1CCT C
Styl CtCWWGG BCEJMNRS
BssT1l C1CWWGG I
Ecol 30l CtCWWGG DF
Ecor14l C1CWWGG AK
Erhl C1CWWGG |
Swd ATTT 1t AAAT M
Smi ATTT t AAAT DI
Tag T1CGA 4(6) ABCDEFGJLMNOPQRST
TthHBS| T1CGA 4(6) AK
TagIh CACCCA(11/9)
TadIn GACCGA(11/9)
Tat WGTACW
Tau GCSGC
TAil GrtAWTC
Tsd GrCWGC
Tspa5I 1GTSAC N
TspACl ACNt GT
TSIEI tAATT LO
Ssél 1AATT 2(6) DI
Tspb09I TtAATT N
TsRI CAGTG(2/-7) N
Tthl11l GACNtNNGTC ADIKNQR
Asd GACN1tNNGTC M
PAIFI GACNNNGTC N
Tthl11ll CAARCA(11/9)
UbaDI GAACNNNNNNTCC
UbaElI CACCTGC
Vsd AT 1 TAAT 5(6) BDEFIR
Asd AT 1 TAAT AINO
Asnl AT 1 TAAT MS
PsiBI AT 1 TAAT K
Xba T1CTAGA 6(6) ABCDEFGHIJKLMNOPQRST
Xcml CCANNNNN1TNNNNTGG AN
Xhad C1 TCGAG ABCDEFGHJKLMNOPQRST
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Prototypé Isoschizomers Recognition sequenke Me sit¢ Commercial souréke
PaeR7l Ct1 TCGAG 5(6) N
Sci CTC1GAG
Sfr2741 Ct TCGAG |
Xhal R1GATCY EMR
BsiX2I Rt GATCY DI
Bstyl R1GATCY BN
Ml R1GATCY AK
Xmadll C1GGCCG 4(5) BE
BsZI C1GGCCG R
Eag CtGGCCG 2(5) NPS
EcIXI C1GGCCG M
Ecob2l C1GGCCG ADFKOR
Xmn GAANNtNNTTC DENR
Aspr00l GAANNTNNTTC M
MroXI GAANN1TNNTTC |
Type | enzymes
Prototype enzyme Recognition sequenee Me siteé
CfrAl GCANNNNNNNNGTGG
EcaAl GAGNNNNNNNGTCA 2(6),-3(6)
EcoBl TGANNNNNNNNTGCT 3(6),~4(6)
EcadDl TTANNNNNNNGTCY
EcdDR TCANNNNNNGTCG
EcdDR3 TCANNNNNNNATCG
EcdDXXI TCANNNNNNNRTTC
EccEl GAGNNNNNNNATGC
EcoKl AACNNNNNNGTGC 2(6),—3(6)
Ecdar124l GAANNNNNNRTCG 3(6),—3(6)
Ecar124ll GAANNNNNNNRTCG -3(6)
EcaRD2 GAANNNNNNRTTC
EcoRD3 GAANNNNNNNRTTC
Ecaoorrl CCANNNNNNNRTGC
StLTII GAGNNNNNNRTAYG 2(6),—4(6)
StysSJ GAGNNNNNNGTRC
StySPI AACNNNNNNGTRC 2(6),—3(6)
StysSQ AACNNNNNNRTAYG
Type Il enzymes
Prototype enzyme Recognition sequente Me sité
EcoPl AGACC 3(6)
EcoP15! CAGCAG(25/27) 5(6)
Hinflll CGAAT
SHLTI CAGAG 4(6)
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Homing endonucleases

Enzyme Sequence around one cleavagé site Commercial sourée
I-Ceul CTATAACGGTC_CTASGTAGCGAGG N

I-Ppol CTATGACTCTC_TTAAGGTAGCCAAAA NR

I-Scel TTACGCTAGGG_ATABAGGGTAATA M

PI-Pspl AAAATCCTGGCAAACAGCTATTATGGGTAT N

PI-Scel ATCTATGTCGG_GTGGGAGAAAGAGGTAAT N

PI-TIil TCTTTATGCGG_ACAGGACGGCTTTTAT N

&Signifies thatDpnl requires the presence of 6-methyladenosine within the recognition sequence GmATC.

bRecognition sequence nomenclature is described in the legend to Table 1.

CThe site of methylation by the cognate methylase when known is indicated as follows. The first number shows the baseawibimntiba sequence that is modi-

fied. A negative number indicates the complementary strand, numbered frdrbdke 6f that strand. The number in parentheses indicates the specific methylation
involved. (6), N6-methyladenosine; (5), 5-methylcytosine; (4), N4-methylcytosine. ThasM81 the designation 3(5),—4(6) signifies the following pattern of

methylation:
1 2 3 4 5
5’ G T 5mC T Cc 3
3 C 6mA G A G '5
-1 -2 -3 -4 -5

dCommercial sources of restriction enzymes are abbreviated as follows: A, Amersham Life Sciences-USB (10/96); B, Life @sdhool@ifico-BRL (10/96);
C, Minotech Molecular Biology Products (10/96); D, Angewandte Gentechnologie Systeme (10/96); E, Stratagene (10/96) &5 M&hi&do6); G, Appligene
Oncor (10/96); H, American Allied Biochemical, Inc. (10/96); |, SibEnzyme Ltd (10/96); J, Nippon Gene Co., Ltd (10/96)r&Shaiza Co. Ltd (10/96); L, NBL
Gene Sciences Limited (10/96); M, Boehringer-Mannheim (7/96); N, New England BioLabs (10/96); O, Toyobo Biochemicals,(Bo&d)aRia Biotech Inc.
(10/96); Q, CHIMERX (5/96); R, Promega Corporation (10/96); S, Sigma (10/96); T, Advanced Biotechnologies Ltd (10/96).iT pardsteses indicates the
most recent update.
€Enzymes that cut on both sides of their recognition sequence, da,&cd, Bsp24l, Cjel andCjePI, have four cleavage sites each instead of two. For example,
Bsp4l cleaves as indicated:
5 * tNNNNNNNNGACNNNNNNTGGNNNNNNNNSINNN

3" 1 NNNNNNNNNNNNNCTGNNNNNNACCNNNBNNN
This is described in Table 2 and some REBASE repoBs@=tl (8/13)GACNNNNNNTGG(12/7). Thus the recognition site is excised in a fragment, 32 base pairs
long, with five-base '3extensions at each end.
fEcaRII isoschizomers fall into two classes based upon their sensitivity to methytztistil will not cleave when the second cytosine in the recognition sequence
is methylated to 5-methylcytosine wherdégal will cleave such a sequence. IsoschizomerSanRll that are likeMval are indicated by +.
9Mbol isoschizomers fall into two classes based upon their sensitivity to methyMbohwill not cleave when the recognition sequence contains 6-methyladeno-
sine whereaSawBAl will not cleave when its recognition sequence contains 5-methylcytosine. Isoschizoiiad tfat are likeSaBAI are indicated by +.
hTaqil differs from other restriction enzymes in recognizing two distinct sequences: GACCG and CACCCA.
iFor the homing endonucleases the cleavage sites, where known, are indicatstthe strand presented and by _ on the complementary strand.
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