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ABSTRACT

Restriction endonucleases have site-specific
interactions with DNA that can often be inhibited by
site-specific DNA methylation and other site-specific
DNA modifications. However, such inhibition cannot
generally be predicted. The empirically acquired data
on these effects are tabulated for over 320 restriction
endonucleases. In addition, a table of known site-
specific DNA modification methyltransferases and their
specificities is presented along with EMBL database
accession numbers for cloned genes.

We present in Table I an updated list of the sensitivities of
over 320 restriction endonucleases to site-specific modification
at 4-methylcytosine (™*C), 5-methylcytosine (™C), 5-hydroxy-
methylcytosine ("™C), and 6-methyladenine (™5A), four mod-
ifications that are common in the DNA of prokaryotes,
eukaryotes, and their viruses (Mc2,Mc5,Mc8,Mc11,Ne3,Ne4,
Mc14,Nel4).

Knowledge of the sensitivity of restriction endonucleases to
site-specific modification can be used to study cellular DNA
methylation. Several restriction-modification enzymes share the
same recognition sequence specificity, but differ in their
sensitivities to site-specific methylation. Table II lists 33 known
isoschizomer pairs and one isomethylator pair, along with the
modified recognition sites at which they differ. Table III lists
over 240 characterized DNA methyltransferases. A detailed list
of cloned restriction-modification genes can be found in Wilson
(Wid).

The data presented here and two other tables are available in
printed form or as a text file on a 3.5’ Macintosh diskette. The
extra tables include Table IV which lists the sensitivities of 24
Type I DNA methyltransferases to ™C, ™C, hm5C, and ™A
modification. Most methyltransferases are sensitive to non-
canonical modifications within their recognition sequences
(Bu9,Mc10,Ne3,Po4), and this sensitivity often differs from that
of their restriction endonuclease partners. Table V gives a list
of restriction systems in this review alphabetized by recognition
sequence.

MOLECULAR BASIS FOR SENSITIVITY RESTRICTION
ENZYMES TO METHYLATION

mC, mSC, hmSC hmS{J and m6A are bulky alkyl substitutions in
the major groove of DNA. Site-specific DNA methylation can
interfere with many sequence-specific DNA binding proteins (e.g.
St2,Wa8), including restriction endonucleases and DNA
methyltransferases. At the molecular level, the inability of
restriction enzymes to cut modified DNA can be explained using
EcoRI and EcoRV endonucleases as instructive models. DNA
modification can interfere with substrate binding and/or
conformational changes of the enzyme: substrate complex.

Based on the EcoRI: DNA co-crystal structure (Mc15,Ro08),
methylation of either adenine (GMAATTC or GAMATTC)
perturbs essential hydrogen bond contacts to Glu-144 and
Arg-145. Therefore aminomethylation of either adenine inhibits
DNA cleavage at the level of EcoRI: substrate binding (Br2).
In contrast, cytosine ring methylation at GAATT™C would not
be expected to interfere with critical DNA: protein contacts
inferred from the X-ray crystal structure (Mc15). Therefore, the
reduced rate of EcoRI cleavage at GAATT™C can be attributed
to steric distortions of the enzyme:substrate complex during
catalysis (He3).

In contrast, the X-ray structure of EcoRV endonuclease (Wi5)
predicts that hydrogen bonding of Asn-185 to the first adenine
of GATATC is perturbed by ‘canonical’ methylation at the
G™ATATC. However, it is thought that EcoRV cannot cleave
canonically modified G"ATATC sites because non-productive
enzyme: substrate complexes are formed (Ta4,Nel2). Therefore
the mechanism by which canonical DNA methylation inhibits
cleavage is very different for EcoRI and EcoRV endonucleases.

Although DNA modification often results in complete inhibition
of restriction enzyme cleavage, a range of rate effects are
observed when non-canonically modified DNA is used as a
substrate, as listed in the footnotes to Table I. Rate effects at
m5C-hemimethylated restriction endonuclease target sites are
listed in NelO.

RATE OF CLEAVAGE AT METHYLATED RESTRICTION
SITES

A range of rate effects are observed when modified substrates
are used in endonuclease cleavage reactions. However, in general,
results can be summarized as follows.
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(1) Canonical site-specific methylation always inhibits DNA
cleavage by a restriction endonuclease. For example, M - BamHI
methylase modifies GGAT™CC; and BamHI endonuclease
cannot cut this methylated sequence.

(2) In about one half of the cases tested, methylation at non-
canonical sites inhibits the rate of duplex DNA cleavage at least
ten-fold (Table I). However, in other cases non-canonical
methylation has no effect on restriction cleavage. For example,
BamHI cuts DNA which has been modified at GGATC™C or
GGATC™C, but cannot cut DNA methylated at GGAT™CC.

(3) There are a few examples in which non-canonical
methylation slows the rate of cleavage or permits nicking of one
strand of a hemimethylated duplex. Examples of such effects are
presented in footnotes to Table I. Such nicking has proved useful
in site-directed mutagenesis (US Biochemicals Inc.).

(4) Sometimes base modifications which lie outside a
recognition sequence can influence the rate of DNA cleavage by
a restriction enzyme. For example, Narl does not cut at
overlapping M - Mval — Nar]l GGCGCC™CCWGG sites (Nel4),
Haelll cannot cut certain GGCC™T sites, where ™T are
modified thymine residues (Wil), and Mspl, Hpall, Smal, and
Hhal are unable to cut DNAs in which bases adjacent to their
recognition sequences are modified with hydroxymethyluracil
(Hol). Such methylation-induced ‘action at a distance’ may be
more common than has been previously appreciated. We have
tested only a few enzymes for sensitivity to base modifications
outside their canonical recognition sequences.

DNA MODIFICATIONS OTHER THAN ™C, m5C, hmSC,
thU’ AND m6A

The effects of several other site-specific DNA modifications on
the rate of restriction endonuclease cleavage, such as 5-bromo-
deoxycytidine, S5-bromodeoxyuridine, S-iododeoxycytidine,
deoxyinosine, 2-aminopurine, 2,6-diaminopurine, 2-chloroadeno-
sine, 7-deazaguanosine, and deoxynucleotide phosphorothioates,
are listed elsewhere (Bol,Be6,Mo4,Br2,Ta5,He4,Gr3,S¢4,Vo2).

EFFECT OF m5CG AND ™SCNG ON RESTRICTION
ENDONUCLEASES

Enzymes that are not sensitive to site-specific methylation are
particularly useful for achieving complete digestion of methylated
DNA. For instance, endonucleases that are unaffected by ™CG
and ™CNG are useful for the digestion of plant DNA, which
is frequently methylated at these positions. Endonucleases that
are unaffected by these two cytosine modifications include:
Acclll, Aflll, Ahalll, Asel, Asp7001 Asull, Bbul, Bcll, BspHI,
BspNI, BstEll, BsiNI, CviQl, Dpnl, Dral, EcoRV, HinCII,
Hpal, Kpnl, Mboll, Msel, Ndel, Ndell, Pacl, Rsal, RspX1, Sful,
Spel, Sphl, Sspl, Swal, Taql, Tsp5091, TthHBI and Xmnl.
However, adenine methylation may also occur in plants.
CpG sequences occur infrequently and are often methylated
in mammalian genomes (Mc9). Almost all the enzymes that could
generate large fragments of mammalian DNA are blocked by
this ™CpG modification at overlapping sites, including Aarll,
Apel, Ascl, Avill, Bbel, BmaDl, BsrBI, BssHII, BspMII, BstBI,
Clal, Cspl, Cspa5l, Eagl, EciXI, Ecod7I, Fsel, Fspl, Kpn2l
Miul, Mlu92731, Mlu927310, Mrol, Nael, Narl, Notl, Nrul, Pful,
Pmil, PpuAl, Pvul, Rsrl, Sall, SalDl, Sbol3l, Sfil, Smal, SnaBI,
Spll, Spol, Srfl, Xhol and Xorll (see Table I). Only ten enzymes
suitable for pulsed field mapping of eukaryotic chromosomes are
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known to cut ™CG-modified DNA: Acclll, Asull, BspEI,
Cfr91, Pacl, Pmel, Sful, Sse83871, Swal, and Xmal.

m4C, m5C, AND hmSC CYTOSINE MODIFICATIONS

In some cases, a restriction enzyme may differ in sensitivity to
mdC, m5C or mSC at a particular sequence. For example, BstNI
and Mval cut ™C, but not ™C modified CCWGG sequences.
Rsal cuts GTA™C but not GTA™C. Kpnl cuts GGTAC™C but
not GGTAC™C. BstYI cuts RGAT™CY but not RGAT™CY.
Similarly, CviSII cuts T™CGA but not TPCGA. These
endonucleases may be used to distinguish among these
modifications.

EFFECT OF SITE-SPECIFIC METHYLATION ON DNA
METHYLTRANSFERASES

Twenty-three Type II methyltransferases have been tested for
sensitivity to non-canonical DNA modifications, of which nine
were blocked (Mcl0 and Table IV). As with restriction
endonucleases, rate effects are sometimes seen with DNA
methyltransferases at non-canonically modified sequences. For
example, E.coli Dam methyltransferase is unaffected by
GAT™C, but methylates GAT™C relatively slowly. Such data
is summarized in Table IV and footnotes to Table I.

METHYLATION-DEPENDENT RESTRICTION SYSTEMS
IN BACTERIA

E.coli K-12 contains at least three different methylation-dependent
restriction systems which selectively restrict methylated target
sequences: mrr (M6A), mcrA (™CG), merB (R™C) (Br5,Dil,
He2,Ral,Ra2). In vivo or in vitro modified DNA is inefficiently
cloned into E.coli. For example, human DNA which is exten-
sively methylated at ™CpG is restricted by mcrA (Wo3) and
other systems (Bu2). Appropriate non-restricting strains of E. coli
(Go2,Kr2,Ral,Ra2) should be chosen for efficient transformation
and cloning of methylated DNA. Other species also have such
methyl-dependent restriction systems (e.g. Ma2).

ENGINEERED DNA METHYLTRANSFERASE
SPECIFICITIES

Many DNA methyltransferase genes have now been sequenced.
Extensive homologies between closely related enzymes (Wi3) or
common motifs (Po5,Sm3) allow new specificities to be
engineered (e.g. Ba4,Tr4).

DATA IN ELECTRONIC FORM

This paper is available as a text file on a 3.5’ Macintosh diskette.
The data can be supplied as a Microsoft Word, Macwrite or MS-
DOS file. Please contact Michael McClelland at CIBR, phone
(619) 535 5486, FAX (619) 535 5472.
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Restriction Recognition Sites Sites not References
enzyme sequence cut cut
Aadl AGGCCT ? AGG™CCT Nel4
AGGC™CT So3
AGGC™CT Nel4
Aatll GACGTC ? GA™CGTC Fol
GACGT™C Nel4
Accl GTMKAC ? GTMK™AC? Lu2,Mc3
GTMKA™SCP
Accll CGCG ? mCGCG Ga2
Acclll TCCGGA T™CCGGA® TCCGG™SA Ke3,La2,Sc2
TC™CGGAP
Acc651 GGTACC ? GGTAC™C NeS
Acil CCGC ? C™CGC Fol
Afll GGWCC GGWC™C ? Mcl1,Wh2
GGWC™cb
Afll CTTAAG ? mSCTTAAG Nel4
CTTA™AG
Afilll ACRYGT ? A™CRYGT Nel4
Agel ACCGGT ? A™CCGGT Nel4
AC™CGGT
Ahall GRCGYCP ? GR™CGYC Ka2,Hul
GRCGY™C
Alul AGCT ? m6AGCT Gr5,Mc11,Ne2
AG™CT
AGPSCTH Hul,Wol,Zhl
AGM™SCT Bu9
Alwl GGATC ? GG™SATC Ne4
GGAT™C
Alw261 GTCTC ? GT™Ccre? Bi7
GAG™SAC*
Alwdal GTGCAC GTGC™AC GTG™CAC Nel4
AIwNI CAGN,CTG ? CAGN,C™CTG Bo5,NeS
Amal TCGCGA TCGCG™A ? Mcl3
AosIl GRCGYC ? GR™CGYC Eh2,Gr5,Va3
Apal GGGCCC ? GGgMccect La9,Gu9
GGGCC™C
Apall GTGCAC GTGC™AC GTGCA™C Fol,Ho2,Ho3
GTG™CAC Nel4
Apel ACGCGT ? AMCGCGT Nel4,Qi2
Apyl CCWGG C™CWGG mCCWGG Kl1,Mcl11,Ra3
Aqul CYCGRG ? mSCYCGRG* Ka7,Ka8
Ascl GGCGCGCC ? GG™CGCGCC $i2
GGCG™CGCC
GGCGCG™CC
GGCGCGC™C
Aspl GWCGWC ? GW™CGWC Nel4
AspMDI GATC G™ATC ? Ch4
Asp7001 GAAN,TTC GA™AN,TTC G™AAN,TTC Nel4
GAAN,TT™C
AspT18I GGTACC GGT™AMCCP GGTAC™C Mu2,Ned
GGTA™CCP GGTAMSCmSCh
Asul GGNCC GGNC™C ? Pr4
Asull TTCGAA TT™CGAA ? Neld
AnCl TGATCA ? TG™ATCA Ro3,Sc12
Aval CYCGRG C™SCCGGG mSCYCGRG Eh2,Nel4
CY™CGRG Ka4,Ka7,Mcl1
CTCG™AGP Ne2
Avall GGWCC GGWC™cb GGW™CC Ba3,Ko3
GGWC™C Mc10,Mcl1
GGWhmSChmSc Hul
Avill TGCGCA ? TG™CGCA Nel4
Bael ACN,GTAYC ? ACN,GTYA™C Fol
Ball TGGCCA ? TGG™CCA* Gil,Gu9
TGGC™CAD
BamHI GGATCC GGATC™C GGAT™ccC? Br8,Dr1,Ha3,Hul
GG™ATCC GGAT™CC La7
GGMATC™SC GGAThmSChmSc
GGATC™C GGAM™SyCC Hol
BamFl GGATCC GG™ATCC GGAT™CC An1,Shl
BamK1 GGATCC GG™SATCC GGAT™CC Anl,Shl
Banl GGYRCC®? GG™CGCC ? Co3,Ka2,Mal2,Sul
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Table 1. (cont.)
Restriction Recognition Sites Sites not References
enzyme sequence cut cut
GGYRC™(C
Banll GRGCYC GRGCY™C GRG™CYC Fol,Ne2,Ne6
Banlll ATCGAT ? ATCG™SAT? Sul
Bbel GGCGCC GGCG™CC GG™CGCC Co3,Ne2,Sh2
GGCGC™C
Bbill GRCGYC ? GR™CGYC Co3
BbrPL CACGTG ? CA™CGTG Wol,Kall
Bbsl GAAGAC GAAGA™C ? Fol
Bbul GCATGC GCATG™SC GC™ATGC Neld
B GCAGC 2 GmScacet Dol,Ha3,Vas
BcalTl WCCGGW WC™CGGW WMSCCGGW Scl0
Bcgl CGCNSTGC ? CG™SANTGC # Rad
Bcll TGATCA TGAT™CA TG™ATCA Bi4,Br8,Eh3,Ro03
TGATM™CA Hul
Benl CCSGG mSCCSGG C™CSGGY Ja3,Ja6,Ki1
C™CSGG Kr3
Bepl CGCG ? mCGCG Ku3
Bl CTTAAG ? mSCTTAAG Wol
Bgll GCCN;GGC GC™CN,GGC® G™CCN;GGC K11,Ko03,Mc11,Ne2
GCCNGG™¢b
GC™CN,GGC*®
Bglll AGATCT AG™ATCT AGAT™CT Bi4,Br8,Drl,
Dy1,Eh3
AGAMmSyChmsyy AGAT™SCT Hul,Pi6,Hol
Binl GGATC ? GG™ATC Bo2
BmaDI CGATCG CG™SATCG CGAT™SCG Qi2
Bme2161 GGWCC ? GGWC™C Ma9
Bnal GGATCC GG™ATCC GGAT™CC Nel4
GGAT™CC* Kil
Bsal GGTCTC GAGA™CMC GGTCT™C Fol,Ne5
BsaAl YACGTR ? YA™CGTR Fol
BsaBI GATN,ATC ? GATN,AT™C Fol
G™ATN,m6ATC
BsaHl1 GRCGYC ? GR™CGYC Fol
Bsall CCNNGG C™CNNGG ? Fol
BsaWl WCCGGW WC™CGGW ? Fol
BseCl ATCGAT ? ATCG™SAT# Ri3,Ri4
Bsgl CTGCAC ? CTGCA™C Fol
Bsh13651 GATN,ATC ? G™ATN,ATC Ja3
GATN,m6ATC
BsiBI GATN,ATC ? G™SATN,ATC Iml1
GATN,m6ATC
BsiEl CGRYCG ? mCGRY™CG Fol
BsiLl CCWGG ? C™CWGG Im1
BsiMI TCCGGA ? TCCGG™A Iml
Bsiwl CGTACG ? mSCGTAMCG Fol
BsiX1 ATCGAT ? m6ATCGAT Iml
ATCG™SAT
Bsil CCN,GG ? C™5CN,GG Fol
Bsml GAATGC GAATG™C GMSAATGC Fol,Nel4
BsmAl GTCTC G™SAGAC GTCT™C Fol,Nel4
BspDI ATCGAT ? AT™CGAT Fol
m6ATCG™AT
BspEl TCCGGA TC™CGGAP TCCGG™A Fol
BspHI TCATGA ? TC™ATGA Pa2,Se3
TCATG™SA Mcl
BspMI ACCTGC ACCTG™C ? Fol
BspMIl TCCGGA TCCGG™A T"™SCCGGA La2,Sc2
TC™CGGA
BspX1 ATCGAT ? ATCG™SAT Zil
BspX1l TGATCA ? TG™ATCA Zil
Bsp1061 ATCGAT ? ATCG™AT# NeS
Bsp1431 GATC ? G™ATC Nel4
Bsp12861 GDGCHC GDGCH™C GDG™CHC Fol,Ne2,Ne6
BsrBI GAGCGG GAG™CGGP ? Fol
BsrF1 RCCGGY ? RC™CGGY Fol
BssHII GCGCGCP ? G™CGCGC Ne4,Qi3
Bsil GGATCC GG™ATCC GGAT™CC Ne4
GGATC™C GGAT™CC
GGATC™C Nel4
BstV1 CTCGAG ? CTCG™AG* Ba7
BstBI TTCGAA ? TTCG™SAA Ne4
TT™CGAA Wol
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Restriction Recognition Sites Sites not References
enzyme sequence cut cut
BstEll GGTNACC GGTNA™CMSC GGTNARmSChmSC Hul,Mcl1
GGTNAC™C Nel4
Bs:EIIl GATC ? G™ATC My1,Ro3
BstGI TGATCA ? TG™ATCA Ro3
BsiNI CCWGGP mSCCWGG® hmSChmSCWGG Gr5,Hul, Mcl1
C™CWGG C™CWGG # Bal2,Br8,Nel4,Ro3
mSCMSCWGGP
BstOI CCWGG C™SCWGG ? Sc10
BstU1 CGCG ? mCGCG Ne5
CG™CG Nel4d
BstX1 CCANGTGG C™SCANGTGG mSCCANTGG Nel4,Ne2
BstY1 RGATCY RG™ATCY RGAT™CY Ne4
RGAT™CY Nel4
Bst11071 GTATAC ? GTATA™C Fol
BsuBI CTGCAG ? CTGC™AG* Gal,Jel,Sh1,St5
BsuEIl CGCG ? m3CGCG* Gal,Jel,Sh1,St5
BsuF1 CCGG ? mSCCGGH Jel
BsuMI CTCGAG ? CT™CGAG* Jel
BsuRI GGCC ? GG™SCC b Gu8 Ki2 Ki3
Bsul51 ATCGAT ? ATCG™SAT# Re6
Bsu361 CCTNAGG CCTN™AGG MSCCTNAGG Nel4,NeS
Chil TTCGAA TTCG™AA ? Mul
Cerl CTCGAG ? CTCG™AG Nel4
Cfol GCGC ? G™CGC Ehl
GCG™C Nel4
GhmScGhmsc Hul
o YGGCCR ? YGG™CCR* Kl
CfrAl GCANgGTGG ? GC™AN;GTGG Nel4
CABI CCWWGG ? ™MCCWWGGH Za2
cfrel CAGCTG ? CAG™CTG! Bu9
CAG™CTG
Il CCCGGG? C™CCGGG mCCCGGG Bul0
CC™CGGG mCCCGGG
C™CCGGGH* K2
CC™CGGG
ol RCCGGY ? R™CCGGY* Bi5 Kil
RC™CGGY Nel4
Cfr13l GGNCC ? GGN™CC# Bi5 Ki1
Clal ATCGAT ? m6ATCGAT Ca4,Mcll,
Mc12,Ned
AT™SCGATP Wol
ATCG™SAT# Mc3
Cpel TGATCA ? TG™ATCA Fil,Ro3
Cspl CGGWCCG CGGWC™CG CGGW™CCG Mcll
mCGGWCCG
Csp451 TTCGAA ? TTCG™AA Ne4,Scll
Cryl GATC ? G™SATC* Ri2
CViAl GATC GAT™C G™ATC? Nel4,Xil,Xi6
CViAll CATG mSCATG Cm6ATGH Nel4,Zh2
CviBI GANTC ? G™ANTC* Xi3
Cvill RGCY ? RG™CY* Sh3,Xi2
CviPI cC cmse mSce# Xi4
CviQI GTAC GTA™C GT™ACH Xi5
CviQIl GANTC ? G™ANTCH Nel4
CviQI CATG ? C™ATG Nel4
CviRI TGCA ? TGC™A # Neld
TG™CA
CviRII GTAC ? GTmeACH Nel4
CvisII TCGA T™CGA TCG™A Nel4
ThmSCGA
CviSIV GATC ? GMATC# Ri2
Ddel CTNAG ? mSCTNAG? Ho4,Ne2
mSCTNAG Hul
CTN™CAG Neld
Dpnl GMSATC® GMATC GATC La3,Mcl1,Vol
GMOATMSCP GAT™C Ne4
GMSAT™AC GAT™C Ne5
Dpnll GATC ? GmSATC? Del,La3,La4, La5,Ma6,Vol
Dral TTTAAA TTTA™AA ? Nel4
Drall RGGNCCY ? RGGNC™CY Sc8
Drdl GACN(GTC ? GA™CNGT™C Fol
DsaV CCNGG ? C™SCNGG N1
Eael YGGCCR ? YGG™CCR* Ja2,Whl
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Table 1. (cont.)

Restriction Recognition Sites Sites not References
enzyme sequence cut cut
YGGC™CR
Eagl CGGCCG ? CGG™CCG Mcll
mCGGCMCG
Eam11051 GACNSGTC GA™CN,GT™C ? Fol
Earl GAAGAG CTC C G™AAGAG Fol ,Ned
GAAG™AG
mSCTMSCTT™SC Neld
Ecal GGTNACC ? GGTN™ACCH Br3
EcIX1 CGGCCG ? mSCGGC™CG Qi3
CGG™CCG
Ech361l GAGCTC ? GAGCT™C Fol
EcoAl GAGN,GTCA® ? GMSAGN,G™TCA b Bi2,Co6,Fu2
EcoBl TGANSTGCT® ? TG™ANG™TGCT*® Bi2,Lal0,Lall
EcoDI TTAN,GTCY® ? TT™AN,GTCY #® Na6
EcoDXXI TCAN;AATC® ? TCAN;"6AA™TC*® Pil
EcoEl GAGN;ATGC® ? G™AGN,ATGC"® Co6,Fu2
EcoHI CCSGG ? CmCSGGH Kr3
EcoKI AACNGTGC® ? A™ACN,G™TGC#P Bi2,Bi3,Kal
Eco0109] RGGNCCY ? RGGNC™CY Sc8
EcoPl AGACCP AGAmmSChmsc AGMSACCH Bal,Ba2,Ha4,Re4
EcoP151 CAGCAGP ? CAGC™AG* Hu2,Me2
EcoRI GAATTC GAATT'™SC GMSAATTCP Mcl1,Ne2,Rul
GAAMSymSyC GA™ATTC* Br1,Br8,Dul,Hol
GAATT™Cb Hul,Ka3,Tal
EcoRI CCWGG mCCWGGP ™MOCWGG Kul,Yol
C™CWGG Bu8,Na5,Ro3
C™CWGGH Bo7,Mcl1
CC™AGG Bu7
hmSChmSCWGG Hul,Ka3
EcoRV GATATC GATAT™CP GMATATCY Mcl11,Ne2,Wol
GATAT™C GAT™SATC Fl11,Hol
EcoT221 ATGCAT ? ATG™SCAT Nel4
ATGC™AT
Eco311 GGTCTC ? GGT™CTC! Bi7
GgmsAGACCH
EcodTl GGWCC ? GGWC™SC Jas
Eco4Tll GGNCC ? GGNC™C Po6
EcodTII AGCGCT m6AGCGCT AG™CGCT Nel4,Ne4
Eco5T1 CTGAAG ? CTGA™AG* Ja8,Po6
CTTC™AG*
Eco18311 CCSGG ? C™CSGGH Kr3
Ehel GGCGCC ? GG™CGCC Co2,Nel4
GGCG™CC
GGhm3SCGhmSchmSc
Espl GCTNAGC GCTNAG™C G™CTNAGC Ne4
Esp3l CGTCTC ? mSCGTCTC Fol
cGT™CTC Bi7,Ja3
GAG™ACG*
Esp13961 CCAN,TGG C™SCANSTGG ? Ja3
FrudHI GCNGC ? G™CNGC! Gu9,Ko3
GCNG™C#
FrnuDI CGCG ? mCGCG Gal,Ga2, Ne2,Ne6,St6
CG™CG
FnuEl GATC G™ATC ? Lul,Ne2
Fokl CATCC CAT™CC GG™ATG Po3,Po4,Sc2
CATC™SCb CMATCC
CATC™C Nel4
Fsel GGCCGGCC ? GGMCCGG™CC Ne7
GGC™CGGCC
GG™CCGGCC
Fspl TGCGCA ? TG™CGCA Ned
Fsul GGWCC ? GGWC™SC Lel
Haell RGCGCY? ? RG™CGCY Eh2,Gr5,Ka2,Ko3,Mc11,Pi5
RGCGmSCY Nel4
RGIMSCGhmSCY Hul
Haelll GGCC GGC™C GGMSCCH? Ba3,Ka2,Ko03,Ma5
GGhmSchmSe Hul
Hapll CCGG ? Cc™CGGY Eh2,Wal
Hgal GACGC ? GA™CGCH Neld
GMScGTC? Wi7
GACG™C Mecll
HgiAl GWGCWC GWGCW™C GWG™CWC Fol,Ne2,Wh3
HgiBI GGWCC ? GGWCC (™5C) Du2
HgiClI GGYRCC ? GGYR™CC Frl
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Restriction Recognition Sites Sites not References
enzyme sequence cut cut
HgiCll GGWCC ? GGWC™C Erl
HgiDI GRCGYC 2 GRCGYC Du4
HgiEl GGWCC ? GGWC™C Erl
HgiGI GRCGYC ? GR™CGY™C Kr4,Erl
Hgilll GGYRCC ? GGYRC™C Wh3
Hhal GCGC ? GmscGet Eh2,Sm1
GCG™C Mcl11,Ko3
GhmScGhmsc Hul
Hhall GANTC ? G™ANTCY Mas
Hincll GTYRAC GT™CRAC GTYRA™CP Bull
GTYR™MACH Gr5,Ro7
GTYRAM™SC Hul
Hindll GTYRAC ? GTYR™ACH Ro7
GTYRAMSC
HindI AAGCTT A™AGCTT mSAAGCTT? Br8,Gr5,Nel4,Ro7
AAGChmSyhm5yy AAG™CTT? Hol,Ne2
AAGMSCTT Hul,Ka3
Hinfl GANTC GANT™CP G™ANTC Ch1,Col,Ne2,Pel
GANTh™SC Hul
HinPI GCGC ? G™CGC Mc11,Ne6
Hpal GTTAAC GTTAA™C GTTA™AC* Br8,Gr5,Hul,Yo3
GTTAAMSC Hul
GhmSUMSUAAC Hol
Hpall CCGG ? mé, Be3,Bul0,Eh2,Ma5
mSCCGGP Ko3,Qu1,Wa5
Cm4CGGb
C™CGGH
hmSchmSCGG Hul
Hphl TCACC TCAC™C T™SCcAcC? Fol,Mc11,Ne2
TCA™CC
GGTG™A
Kasl GGCGCC ? GG™CGCC Fol
Kpnl GGTACCP GGTA™CC GGT™ACC* Eh3,Ki4,Mc11
GGTAC™SC GGTA™CCP Nel4
GGTAMC™SCP GGTAC™C
Kpn2l TCCGGA TCCGG™A T™CCGGA Mc1,Nel4
TC™CGGA Nel4
Kspl CCGCGG ? m5CCGCGG Nel4
C™CGCGG Qi2
Maell ACGT ? AMSCGT® Mo2
Maml GATN,ATC ? G"‘“ATN%m6ATC Std
Mbol GATCP GAT™C G™ATC Br5,Gel,Mc8
GAT™SCP GATMmSC Hul,Ro3
GAMmSUC Hol
Mboll GAAGA TMSCTT™SCh GAAG™SA Y Ba3,Mc11,Mc12,Ne2
G™SAAGA GA™AGA
Mfl RGATCY® ? RG™ATCY Onl
RGAT™CY
RGAT™CY
Miul ACGCGT mACGCGT A™CGCGT Mc11,5h1,St5,Qi3
ACG™CGT NeS
MIu92731 TCGCGA ? T™CGCGA Nel4
Miu927311 GCCGGC ? G™SCCGGC Neld
GC™CGGC
Mmell GATC ? GMSATC Bo6
Mnll CCTC GM™AGG m5CCTC Eh3,Mcl1
mSCmSCTmSC
Mphl CCWGG ? C™CWGG Ro3
Mrol TCCGGA TCCGG™A T™CCGGA Mc1,Nel4
TC™CGGA Nel4
Mscl, TGGCCA ? TGGC™CA Fol
Mspl CCGGP m™CCGG mCCGGY Eh2,Je2,Va3,Wal,Wa5
C™CGG hmSChmSCGG Bul0,Hul
C™CGG
Mstll CCTNAGG mSCCTNAGG CCTN™SAGG Ne5
MihTI GGCC ? clealoold No4,No6
MhZ] CTAG ? MCTAGH No5
Mval CCWGG C™CWGGP C™CWGG? Bu8,Ku2,K12
mSCCWGG CC™SAGGP Gr4,Kul
mCCWGGP
mSCMSCWGGP Nel4
Munl CAATTG ? CA™ATTG# St8
Mvnl CGCG ? mSCGCG Nel4
Nael GCCGGC ? G™CCGGC Eh3,K11,Mc11,Ne5
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Table 1. (cont.)

Restriction Recognition Sites Sites not References

enzyme sequence cut cut
GC™CGGC
GCCGG™C

Nanll GMATCP GMATC GATC Pal,Ne5
GMOAT™SC GAT™C

Narl GGCGCC GGCGC™C GG™CGCC Ko3,Mc11,Ne5
GGCGC™C Nel4
GGhmScGhmSchmSc

Neil CCSGG mCCSGG C™CSGG Br8,Ko3,Mcl1
C™CSGGP Me3

Neol CCATGG CC™ATGG MCCATGG? K11,Ne2,Ned
mSCCATGG

Nerl AGATCT AG™ATCTP ? Qil

Neul GAAGA ? GAAG™A Mc13

Ndel CATATG mSCATATGP CAT™ATG* Bed4,Mcl1,Re7,Sil,We3

Ndell GATC GAT™¢b G™ATC Mc9

Ngol® RGCGCY ? RG™CGCY Ko3,Ko5

Ngoll® GGCC ? GG™cc? Ko3,Ko5
GGCMScb Su3,Sud

NgoBI? TCACC ? T™SCACC Pi3,Pi4

NgoMI GCCGGC ? Ggmceeec? Gud
GC™CGGC Fol

Nhel GCTAGC ? GCTAG™C K11,Mc11,Ne2

Niall CATG CmSATGH Lal,Mo3
mSCATG Zh2

NialV GGNNCC ? GGNN™CC Nel4

NmuDI GMSATCP G™ATC GATC Pal

NmuEl G™SATCP GM™ATC GATC Pal

Notl GCGGCCGC GCGGCCG™C GCGG™CCGC Mcll
GCGGC™CGC St5,Qi2

Nrul TCGCGA TCG™CGA T™SCGCGA Nel4,Qi3
TCGCG™A Ne2

Nsil ATGCAT ? ATG™CAT BeS,Wol
ATGC™AT

Nspl RCATGY ? R™CATGY Nel4
RC™ATGY Nel4

NspV TTCGAA* ? ? Uel

NspBIl CMGCKG C™CGCKG ? Nel4

PaeR71 CTCGAG ? CT™CGAG® Gi3
CTCG™AG* Ghl

PMI CCANSTGG ? C™CANSTGG Nel4
C™CAN;TGG St7

Pfal GATC G™SATC ? Ro3

Pful CGTACG ? CGTA™CG Nel4

Pmel GTTTAAAC GTTTAAA™C ? Fol

Pmil CACGTG ? CA™CGTG Fol

PpuAl CGTACG ? CGTA™CG Neld

PpuMI RGGWCCY ? RGGWC™CT Fol

Psil CTGCAG ? MSCTGCAGP Dol,Gr5,Mc11,Ne2
ChmSUGCAG Hol
CTG™CAG Ne5
CTGC™AGH*

Pwul CGATCG CG™SATCG CGAT™CG Br8,Bu7,Eh3
CGAT™CG

Pvull CAGCTG ? CAG™CTG* Br8,Bu9,Dol
CAG™CTGP Eh3,Ja3,Rol

RAIFI GTCGAC ? GTCG™AC Mo$5

RAFI AGTACT ? AGT™ACT Mo5

Rrha2731 GTCGAC ? GTCG™AC Ba6

Rsal GTAC GTA™SCP GT™AC Eh3,Fol,Ne14,Ne4,Ne5
GTA™(C#b Wo2

Rshl CGATCG CG™ATCG ? Lyl

RspX1 TCATGA ? TC™SATGA Pa2
TCATG™A Ned

Rsrl GAATTC ? GMSAATTC Mcll
GA™ATTC#® Bas

Rsrll CGGWCCG ? mSCGGWCCG Mcl11,Qi3
CGGW™CCG
CGGWC™CG

Sacl GAGCTC GMSAGCTC GAG™CTC Mcll

GAGCT™C Fol

Sacll CCGCGG ? mSCCGCGG Kl1,Ne2
C™CGCGG Qi2

Sall GTCGAC GTCGA™SC GT™SCGACP Br8,Eh2,Lu2,Qil
GTCG™AC Mc3,Ro4,Ro05,Va4
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Restriction Recognition Sites Sites not References

enzyme sequence cut cut
GhmSUCGAC Hol

SalDI TCGCGA TCGCG™A T™CGCGA Mc13,Ne14,Qi3

SauLPI GCCGGC ? Gg™ccaee! Okl

Sau3Al GATCP GMSATC GAT™SC#Pb Drl,Eh2,Ja3,Mc3,R03,Sel

GAMSyC GAT™C Hol,Ne5

GATM™SC Hul

Sau961 GGNCC ? GGN™SCC# Ko3,Ne2,Pel
GGNC™SC
GGNhmSChmSC Hul

Sau32391 CTCGAG ? CTCG™AG* Zel

Sbol31 TCGCGA TCGCG™SA T™CGCGA Mcl1,Neld

Scal AGTACT AGTA™CT ? Wol

ScrFl CCNGG mSCCNGG C™CNGG Da4,Mc11,Ne2
C™CNGG Nel4

SfaNI GATGC GATG™C G™SATGC Mcl1,Po4

Sfl GGCCNGGCC GG™CCNsGG™CC GGC™CN;GGCC Mcl1,Qi2
GGCCN,GGC™C GG™CCN;GGCC

Sful TTCGAA TT™CGAA TTCG™AA Nes

s CTGCAG ? CTGC™SAG Br8

SgrAl CRCCGGYG ? CRC™CGGYG Ta3

Sinl GGWCC ? GGwmicct Ka5,Ka6

Smal CCCGGG C™CCGGG m™CCCGGGH Br8,Bul0,Eh2,Ga4
m5CCCGGGP Ja3,Ka7,Mc3,Qul
C™CCGGGP
CC™CGGG
CC™CGGG®

SnaBI TACGTA ? TA™CGTA Fol,Yal
TMACGT™A

Snol GTGCAC ? GTG™CA™C Ho3,Wol

Spel ACTAGT ? m6ACTAGT Ho2
A™CTAGT Wol

Sphl GCATGC GCATG™C GC™ATGC Mc11,Mo3,Ne2
GhmSCATGhMSC

Spll CGTACG CGTMACGP CGTA™CG Nel4,Ne4,Qi3
CGTA™CG

Spol TCGCGA TCGCG™A T™CGCGA Neld,Ned
TCG™CGA

S GCCCGGGC ? G™CCCGGGC Mall
GC™CCGGGC
GCC™CGGGC
GCCCGGG™C

Ssol GAATTC ? G™AATTCH Ni4

Ssoll CCNGG ? C™CNGG Nil, Vil
MSCCNGG Gr4

SspRFI TTCGAA ? TTCG™AA Lil

Ssi GAGCTC ? GAG™CTC Br8,Rol
GAGh™SCThmSC Hul

Sstll CCGCGG ? mCCGCGG NeS
C™CGCGG NeS

Stsl GGATG ? GG™ATG* Kis
cmeaTCCH

Stul AGGCCT ? AGG™CCT Ca4,Mcl1
AGGC™CT So3
AGGC™CT Nel4

StyDI CCWWGG ? C™CWWGG Mi3

StyLTI CAGAG ? CAG™AG* Da5

StyQI AACNGRTAYG® ? AACNGR™TAYG Na2

StyR1241 GAANGRTCG® ? GA™ANR™TCG” Bil,Pr2,P13

StyR124/31 GAAN;RTCG" ? GA™AN;R™TCG* Prl,Pr2

StySII GAGNGTRC? ? GAGN(G™TRC Ga3

StySBI GAGNRTAYG® ? G™SAGNGR™TAYG*P Nai,Na2

StySPI AACNGTRC® ? A™ACN,G™TRC*® Nal,Na2

Taql TCGA T™CGA® TCG™A Gr5,Hul,Mc3,Va3
ThmSCGAD Bal3,Hul

Tagll GACCGA ? G™SACCGA Ned

CACCCA
TagXl CCWGG mSCCWGG ? Grl
C™CWGG

Tl GAWTC GAWT™C ? Fol

i) TCGA ? TCG™A Sa3,Va6

Thal CGCG ? mCGCG Gal,Nel4
hmScGhmScg Hul

Tth1111 GACN;GTC GA™CN,GTC ? Fol

GACN;GT™C
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Table 1. (cont.)

Restriction Recognition Sites Sites not References

enzyme sequence cut cut

TthHBI TCGA T™SCGA TCG™SA # Sa3

TspS091 AATT ? mOAATT Fol

Van91l CCAN,TGG ? C™SCANSTGG Ja3

Xbal TCTAGA ? TCTAG™®A * Mc13,Wel
T™CTAGAP Gr5,Hul,Ne2
T'mSCTAGA

Xoyl CCCGGG ? C™cCGGGH Wi6

Xhol CTCGAG ? MSCTCGAG Ne2,Ka7

CT™CGAGP Eh3

CTCG™AG Mc3,Va3

Xholl RGATCY RG™ATCY RGAT™CY? Br8

Xmal CCCGGG CC™CGGGP mCCCGGG Bu10,Y05,Y06
m5CCCGGG
C™CCGGG
CC™CGGG

Xmalll CGGCCG ? cGG™sccGt Gu9,Ne2,Tr5

Xmnl GAAN,TTC GA™AN,TTC G™SAAN,TTC Mcl1,Ne2
GAAN,TT™SC?

Xorll CGATCG ? CGAT™CG Br8,Eh2
CG™SATCGP
hmSCGATMSCG Hul,Smd

2 # denotes canonical modification MTase specificity. M= A or C, K= Gor T, N= A,C,G,orT,R=AorG, Y=CorT,W=Aor T, S= Gor C, D=
A,G or T, H= A,C or T. Sequences are in 5'-3' order. ™C= Nd4-methylcytosine; m3C= CS-methylcytosine; "™3C=hydroxymethylcytosine;
hmS(j = hydroxymethyluracil; "C= methylcytosine, in which N4 or CS-methylcytosine unspecified; ™A = N6-methyladenine. Nomenclature is according to (Sm2)
and (Cod).

b Accl nicks slowly in the unmethylated strand of the hemimethylated sequence GTMKA™SC. Accl cuts slowly at hemimethylated GTMKA™C (Nel0).

AcclI cuts slowly at T"CCGGA and TC™CGGA (Sc10).

AflI cuts slowly at GGWC™C.

Ahall (GRCGYC) will cut GRCGCC faster if these sites are methylated at GRCG™CC (Ne5), but will not cut GRCGY™C sites (Ne2,Ne5).

AspT18I cuts GT™AC- and ™CC-modified Chlorella virus NY2A DNA but does not cut GGTAC™CWGG overlapping dem sites (Mu2) or m5C.substituted phage
XP12 DNA. In contrast, Kpnl cuts these modified substrates readily (Ne4).

Aval nicking occurs slowly in the unmethylated strand of the hemimethylated sequence CTCG™AG/CTCGAG (Ne5).

Avall cuts slowly at GGWC™C.

Bacillus species have been surveyed for GPATC and C™SCWGG specific methylases. Many species have G™ATC specific methylases but none had C™SCWGG
specific methylases (Di2).

Ball sites overlapping dcm sites (TGGC™CAGG) are 50-fold slower than unmethylated sites (Gil).

Banl gives various rate effects when its recognition sequence is m4C._ or ™C-methylated at different positions.

Bgll cleavage rate at certain GC™CNsGGC, GC™CNsGGC, and GCCNsGG™C hemimethylated sites is extremely slow. However, m35C bi-methylated
M- Haelll - Bgll sites are completely refractory to Bgll (Ko3,Ne2).

BspEI cleavage slowed by TC™CGGA (Fol).

BsrBI cleavage slowed by GAG™CGG (Fol).

BssHII does not cut M- Hhal-modified DNA, in which two different cytosine positions are hemimethylated, G™CGCGC/GCG™CGC (Ned).

M- BsiI modifies the internal cytosine GGAT™CC, but it is not known whether this modification is m3C or ™C (Le3).

BstEIl cuts the fully ™C-substituted phage XP12 DNA (Ne5).

BstNI isoschizomers that are insensitive to C™CWGG include Aorl, Apyl, BspNI, Mval and TaqgXI (Mc4).

BsuRI nicking occurs in the unmethylated strand of the hemimethylated sequence GG™CC/GGCC.

Cfr91, see reference BulOQ for rate effects.

Clal cuts slowly at hemimethylated AT™CGAT (Nel0).

M- Crel is from the unicellular eukaryote Chlamydomonas reinhardi (Sa2).

Dpnl requires adenine methylation on both DNA strands. Isoschizomers of Dpnl include Cful, Nanll, NmuEl, NmuDI and NsuDI (Cal). Dpnl cuts dam modified
XP12 DNA (Ne6).

M- Eco dam modifies GAT™C at a reduced rate (NeS). Many other bacteria that modify their DNA at G™SATC are listed in references Bal and Lol.

EcoAl, EcoBl, EcoDI, EcoEl, EcoDXXI, EcoKI and others (Bi6) are Type I restriction endonucleases. ™T represents a 6-methyladenine in the complementary strand.
EcoPI is a Type III restriction endonuclease (Bal,Ba2,Ha4).

EcoP151 is a Type III restriction endonuclease (Hu2).

EcoRI cannot cut hemimethylated G"SAATTC/GAATTC sites. Bimethylated GAPCATTC/GA™ATTC sites are not cut by EcoRI or Rsrd (Ne5). EcoRI shows a
reduced rate of cleavage at hemimethylated GAATT™SC (Tr1) and does not cut an oligonucleotide that contains GAATT™C in both strands (Brl).

EcoRII does not cleave some DNA molecules that carry only a single site. However, oligonucleotides containing the EcoRII site can be used to transactivate sites
that are resistant to cleavage (ReS5). EcoRII iisoschizomers that are sensitive to C"™>CWGG include AmuBI, Ardl, BstGII, BinSl, EclII, Ecall, Eco271, Eco38I and
Mphl (Ro3). EcoRIl shows reduced rate of cleavage at hemimethylated ™CCWGG/CCWGG sites (Yol).

EcoRV cuts the fully ™ C-substituted phage XP12 DNA (Ne5).

EcoR1241 and EcoR124/31 are now called StyR1241 and SryR124/31.

Fokl cuts about two-fold to four-fold more slowly at CATC™C than at unmodified sites (Ne5).

M- Fokl in ref Po3 corresponds to M- FokIA in ref Po4.

Haell shows a reduced rate of cleavage when its recognition sequence is modified at RGCG™CY.

Haelll nicking occurs in the unmethylated strand of the hemimethylated sequence GG™CC/GGCC.

Hinfl cuts GANT™SC, however, detectable rate differences are observed between unmethylated, hemimethylated (GANT™C/GANTC) and bi-methylated
(GANT™C/GANT™C) 1arget sequences (Col,GrS,Ne5,Ne10). However, the rate difference between unmethylated and fully methylated HinfI sites is only about
ten-fold (Hul,NeS,Pel).

Hincll. There is conflicting data regarding cleavage of GTYRA™C.

HindII cuts slowly at hemimethylated AAG™CTT (Nel0).

Hpall nicking in the unmethylated strand of the hemimethylated sequence ™CCGG/CCGG is in dispute (Be3,Bu10,Ko3). Hpall cuts hemimethylated mCCGG fifty
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times slower and fully methylated mCCGG 3000 times slower than unmethylated DNA (Ko3). See reference (BulO) for Hpall rate effects.

Kpnl cuts ™C-substituted phage XP12 DNA (Ne4) but cuts slowly at hemimethylated GGTA™C™C, GGTA™CC and GGTAC™C (Nel0).

Maell nicks slowly in the unmethylated strand of hemimethylated A™CGT/ACGT (Mo2).

Mbol isoschizomers that are sensitive to G"ATC include BssGIl, BsaPI, Bsp741, Bsp76l, Bsp1051, BstXIl, BstEIll, BssGH, Cpal, Ciyl, CviAl, CviBIl, CviHI,
CviSVI, Dpnll, FnuAll, FnuCl, Hacl, Meul, MkrAl, Mmell, Mnolll, Mosl, Msp67Il, Mthl, MthAl, Ndell, NflALl, NfiBI, Nfil, NlaDI Nlall, NmeCl, Nphl, NsiAl,
NspAl, Nsul, Pfal, Rlull, SalAl, SalHI, Sau67821, SinMI, Trull (Ro3).

Mboll cuts the fully ™ C-substituted phage XP12 DNA (Ne5), although certain hemimethylated ™5C-containing substrates are reported not to be cut (Gr5).
MfI cuts slowly at "AGATCY sites (Onl).

Mammalian methylase is the MSCG methyltransferase from Mus musculus. (mouse) (Be7).

Mspl cuts the hemimethylated sequence C™CGG/CCGG (Wa5) and C™CGG/CCGG duplexes (Bul0). Mspl cuts very slowly at GGC™CGG (Bu6). An M- Mspl
clone methylates ™CCGG (Wa5,Wa2). However, there is a report that Moraxella sp. chromosomal DNA is methylated at ™C™CGG (Je2).

Mval nicking occurs in the unmethylated strand of the hemimethylated sequence ™CCWGG/CCWGG and CC™SAGG/CCTGG (Kul). Mval cuts XP12 DNA very
slowly at ™C™CWGG. .
Nanll requires adenine methylation on both DNA strands (Cal). Nanll cuts dam methylase-modified XP12 DNA (Ne5).

Ncil ability to cut C™5CGGG in dispute.

Ncol is blocked by M-Secl (CCNNGG) (NeS5).

Nerl is a Bglll isoschizomer from Nocardia carmia Beijing (Qil).

Ndel cuts the fully ™C-substituted phage XP12 DNA (Ne5).

Ndell cuts the fully ™C-substituted phage XP12 DNA (Ne5).

Ngo. There is some confusion about naming restriction enzymes from these strains (Gu4). NgoPI may be Ngol NgoPIlI, Ngoll and NgoSI may be the same. NgoPIIl
may be Ngolll.

Ngoll does not cut overlapping dcm sites (Su4).

NmuDI requires adenine methylation on both DNA strands (Cal).

NmuEI requires adenine methylation on both DNA strands (Cal).

PaeRTI cuts hemimethylated CT™CGAG/CTCGAG sites 100-fold slower and cuts fully methylated CT™CGAG/CT™CGAG 2900 fold slower than unmethylated
sites (Ghl). Hemi- or full methylation at ™A completely protects against PaeR7I cleavage (Ghl).

Psi cuts slowly at hemimethylated ™CTG™CAG (Nel0).

Pwull cuts slowly at hemimethylated ™SCAG™CTG (Nel0).

Rsal cuts the fully m3C-substituted phage XP12 DNA (NeS5), [contradicted by (Fol) and by NEB catalog which says Rsal does not cut if fully m5C- methylated
in both strands. It may be very slow at these sites. It is likely that M- Rsal modifies at GTA™C.

Rsr1 cannot cut hemimethylated G™SAATTC/GAATTC sites.

Sall cuts slowly at hemimethylated GT™CGAC (Nel0).

Sau3Al nicking occurs in the unmethylated strand of the hemimethylated sequence GAT™C/GATC (St3). Sau3AI cuts at a reduced rate at "AGATC (Onl). Sau3Al
isoschizomers that are insensitive to G™ATC include Bce2431, Bspa9l, BspS11, Bsp521,Bsp541, Bsp5Tl, BspS8l, Bsp591,Bsp601, Bsp611, Bsp64l, Bsp651, Bsp66l,
Bsp671, Bsp721, BspAl, Bsp91l, BsrPIl, Cpfl, CspS1, Cpel, FnuEl, MspBI, SauCl, SauDl, SauEl, SauFl, SauGI and SauMI (Ro3).

Smal nicking occurs in the unmethylated strand of the hemimethylated sequence CC™*CGGG/CCCGGG (Bul0,Wa5). Smal may cut C™>C™SCGGG methylated
DNA (Br8,Je2) Possibly the second methylation negates the effect of CC™CGGG. There are conflicting results regarding Smal: ™CCCGGG is not cut when modified
by M-Aqul methyltransferase (Ka7) or at overlapping M- Haelll-Smal sites (GG™*CCCGGG, NeS5). Other investigators have reported that Smal cuts at a reduced
rate at hemimethylated m5CCCGGG sites (Bul0).

Spel cuts slowly at hemimethylated A™CTAGT (Ne10).

Spil cuts GT™AC-modified Chlorella virus NY2A DNA, but does not cut Kpnl-digested XP12 DNA (Ne4).

StyQl is a Type I restriction endonucleases. ™T represents a 6-methyladenine in the complementary strand.

StyR1241 and StyR124/31 are Type I restriction endonucleases formerly called EcoR1241 and EcoR124/31. ™T represents a 6-methyladenine in the complementary strand.
StySBI and StySPI are Type I restriction endonucleases. ™T represents a 6-methyladenine in the complementary strand.

StySIl is a Type I restriction endonucleases. ™T represents a 6-methyladenine in the complementary strand.

Tagl cuts very slowly at T"™CGA (Hul). Tagl cuts the fully ™5C substituted phage XP12 DNA (Hul,Ne5).

M- Tagl methylates T™CGA at least 20 fold slower that unmodified TCGA Mc7).

Xbal will cut T"CTAGA/TCTAGA hemimethylated DNA at high enzyme levels (>100U Xba 1/ug), but will not cut this sequence in twenty to forty-fold
overdigestions (Ne5,Nel0).

Xhol may cut CT™CGAG according to the NEB catalog.

Xholll nicking occurs slowly in the unmethylated strand of the hemimethylated sequence RGAT™CY/RGATCY.

Xmal is claimed not cut CC™CGGG in one report (Br8). See reference BulO for rate effects.

Xmnl cuts the fully ™C substituted phage XP12 DNA (Ne5). Xmnl cuts slowly at some sites in DNA methylated on both strands at GAAN,TT™C (Ne5).
Xorll, according to the BRL-Gibco catalog, may cut CG"ATCG.

Table II. Isoschizomer pairs that differ in their sensitivity to sequence-specific methylation

Restriction isoschizomer pairs

Methylated sequence®  Cut by Not cut by References
mSCATG CviAll Nialll Zh2
C™SCAN,TGG Esp13961 PAMI, Van911 Ja3,5t7

mCCGG Mspl Hpall Bul0

C™CGG Mspl Hpall,Hapll Eh2,Mcl1
C™CGG Mspl Hpall Bul0
CC™CGGG Cf91,Xmal Smal Bul0
mSCCTNAGG Ml Bsu361 Nes

C™CSGG Benl EcoHI,Eco18311 Kr3

C™CWGG Apyl,Bs¢NI,Mval EcoRIIY Bu8

mSCCWGG BsiNI,EcoRI1,Mval Apyl Kel,Kul,Ne3,Yol
CG™ATCG Pwul Xorll Bi3,Br8,Sm4
GAAN,TT™C Asp7001 Xmnl Nel4,Ne2
GAGCT™C Sacl Ecl13611 Qi3,Fol

GMSATC FnuEl Sau3Al Mbol,Ndell Gel,Lul,Mc9,Ro3
GAT™C Mbol Sau3Al Ned

GAT™C Mbol Sau3Al Ned

GGC™C Haelll Ngoll Su4
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Restriction isoschizomer pairs *b

Methylated sequence®  Cut by Not cut by References
GGNC™C Asul Sau96l Ko3
GTG™CAC Apall Alwdd] Nel4
GGTAC™C Kpnl AspT181,Acc651 Mu2,Ne5
GGTA™C™SC Kpnl AspT18] Ne4
GGWCMC Afll Avall,EcodT] Ba3,Ja5,Wh2,
Mc10,Mcl1
RG™SATCY BstYLXholl MMl Mc9,Ne4,0nl
RGAT™CY BstYI MflLXholl Ne4,0nl
T™CCGGA Acclll BspMIL Kpn21,Mrol La2,Sc2
TC™CGGA Acclll,BspEl BspMII, Kpn21,Mrol Fol,S¢2
TCCGG™A BspMILKpn2LMrol ~ Acclll Ke3,Ned
TMSCGA Taql CviSIII Nel4,Hul
TCGCG™A Amal,SalD], Nrul Mc11,Mc13,Ned
Sbo131,Spol
TCG™CGA Nrul Spol Nel4,Qi3
TT™CGAA Asull, Sful BsiBI Ne5,Wol
TTCG™SAA Cbil BstBI,Csp45l, Lil,Mul,Ne4,
SspRFI Scl1,Wol
CGGWC™CG Cspl Rsrll Qi3
Restriction isomethylator pairs®f
Methylated sequence®  Methylated by Not methylated by References
T™CGA M- CviBHI (TCG™A) M- Tagl We2

2In each row the first column lists a methylated sequence, the second column lists an isoschizomer that cuts this

sequence, and the third column lists an isoschizomer that does not cut this sequence.

b An enzyme is classified as insensitive to methylation if it cuts the methylated sequence at a rate that is at least
one tenth the rate at which it cuts the unmethylated sequence. An enzyme is classified as sensitive to methylation

if it is inhibited at least twenty-fold by methylation relative to the unmethylated sequence.
¢ See footnote ‘a’ of Table I.
4 See footnote ‘b’ of Table I.

¢ In each row the first column lists a methylated sequence, the second column lists an isomethylator that modifies
this sequence, and the third column lists an isomethylator that does not modify this sequence.

fAn enzyme is classified as insensitive to methylation if it modifies the methylated sequence at a rate that is at
least one tenth the rate at which it modifies the unmethylated sequence. An enzyme is classified as sensitive to
methylation if it is inhibited at least twenty-fold by methylation relative to the unmethylated sequence.

Table III. DNA methyltransferases and their modification specificities

Methylase® Specificity? EMBL accession # References
M-Aarl GACGTC Lu2
M-Acel GTMK™AC D10671 Lu2
M-Afill CTTAAG (™A) Lu2
M-AlaK21 GAT™C si1
M-Alul AG™CT Z11841 Krl,Lu2,Zhl
M- Aln261 GT™CTC Bi7,Bu8

and G™AGAC Bu$
M-Apal GGG™CCC Gu9,Mc8
M-Aqul mSCYCGRG M28051 Ka7,Ka8
M- Asel ATTAAT Mo3
M-Asell CCSGG Mo3
M- Aval CYCGRG Lu2
M- Avall GGWCC Lu2
M-AvA CYCGRG Lu3
M:-Ball TGG™CCA Lu2,Mc8
M. Bacillus GMSATCP Di2
M- BamHI GGAT™CC X55285 Ha3,Lu2,Na3
M BamHII G"CWGC? M72412 Ha3
M- Banl GGYRCC (™C) DO00704 Lu2,Mal2,Sul
M- Banll GRGCYC Lu2
M-BanIll ATCG™SAT P22772 (protein) Kal2
M- Bbvl G™CAGC Dol,Ha3,Va5
M-BbvSI G"CWGC Ha$,Va5
M-Bbv GMSAT Ha3
M- Bbv AMSAG Ha3
M- Begl CG™SAN;TGC L17341 Rad
M- Bcnl C™CSGG Ja4,Ja6,Ja7,Pe2,Pob
M- Bepl m5CGCG X13555 Ku3
M- Bgll GCCNGGC (™C) Lu2
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M Bme2161 GGWC™C Ma9

M- Bnal GGAT™CC Kil

M- BseCI ATCG™AT Ri3,Ri4

M:BspRI GG™CC X15758 Fe2,Kol1,P02,Qi3,Sz4, Vel

M- Bsp1061 ATCG™SAT Pa2

M - Bsp6l GCNCG Ja3

M- Bst GGAT™CC Le3

M:BstV1 CTCG™AG L07642,1.07643 Ba7

M- BstNI C™CWGG Bal2

M:-BstY1 RGAT™CY Va2

M- Bsul5I ATCG™AT Re6

M- BsuBI CTGC™AG L01541 Xul

M- BsuEIl mCGCG Gal,Gu9,Ik1,Jel

M- BsuF1 mCCGG X62104,X51515 Gu9,1k1,Jel,Wa7

M- BsuH2 GG™CC La8
G™CNGC
GDGCHC

M- BsuMI CT™CGAG Gu2,Gu3,Gu9,Jel,Sh1

M- Bsuo3T GG™CC M13488 Bel,Gu7,Gu6,No2,No3
and G™CNGC Nol,Trl

M- Bsuol1l GG™cC X05242 Gu6,Gu7,Gu9,No1,No2
and G™CNGC

M:Bsuplls GGCC Bel
and GDGCHC

M- BsuQI MCCGG Je2

M- BsuRI GGMSCCh X02988 Gu8 Ki2,Ki3

M- BsuSPb GG™cC M19513,M19514 Gu6,Gu7,Gu9,Je2,Ki2
and G™CNGC No2,Trl,Tr3

M- BsuSPRI GG™CC X01670,K02124 Bel,Gu5,Gu9,No2
and ™C™CGG Pol,Be2,Bul,Gu5,Gu7,Ki2,Pol

M- BsuSPR191 mSCMSCGG Je2,No2,Pol
and C"CWGG

M- BsuSPR83I GG™CC Gus
and C™CWGG

M:CfrA GCANGTGG Da2,Da3

M- CfrBI CCWWGG (™C) X57945 Za2

M-Cf YGG™CCR Po6

M- Cfr6l CAG™CTG Bu9

M- Cf91 C™CCGGG X17022 K12,Po6

M- Gfriol R™CCGGY Po6

M- Cfr13l GGN™CC Bi5

M- Clal ATCG™AT Mc3

M- Crel T™SCR Sa2

M- Cryl GMATC Ri2

M- CviAl GMATC Nel4,Xil,Xi6

M- CviAll C™ATG M86639 Nel4,Zh2

M-CviBI G™ANTC M96366 Xi2

M- CviBII G™ATC Nel4

M- CviBIII TCG™SA X06618 Nad

M- Cvil RG™CY M27265 Sh3

M- Cvilll G™SANTC Nel4

M- CviPl mScC Xi4

M- CviQl GT™AC Xi2,Xi5

M- CviQIl G™ANTC Nel4

M- CviQHI C™ATG Nel4

M- CviQIV R™AR Nel4

M- CviRI TGC™A M38173 Stl

M- CviRO GT™AC St .

M- CviSI TGC™A Nel4

M-CviSIl C™ATG Nel4

M-CviSII TCG™A Nel4

M: CviSIV G™ATC Nel4

M- CviTI RG™CB Nel4

M- Ddel mSCTNAG Y00449 Ho4,Lu2,Sz3

M- Dpnll G™ATC M14339 Del,La3,La4,La5,Ma6

M:DpnA G™SATC M14339 Del

M- Eael YGG™CCR Jal,Whl

M- Eagl CGGCCG ]

M- Ecal GGTN™ACC X17111 Br3

M-Eco dam G™SATC V00272 B16,Bu5,Drl,Gi2,Had,He5, Url

M-Eco deml C™CWGG M32307 Bo7,Mal0,So1,Url

M:Eco demll R™CCGG Bu4,Ne8

M:Eco demIll mCCWGG Ni2

M:Eco demIV GGWC™C Mol,Ni2

M- EcoAl G™SAGN,G™TCA® J03150 Co7,Fu2
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M-EcoBI TG™SANgmTGCT® Jo1630 Go3
M:EcoD TTAN,GTCY® 101631 Go3
M:EcoDXXI TCAN,ATTCY X73984 Gul
M:EcoEI GAGN,ATGC Jo3162 Fu2
M- EcoKI A"SACN,G™TGC® J01632,1.02508 Bo3,Go3,Kal,Lo2,Sal
M- EcoPl AGMSACCY X06287,X07312 Ba2,Hu2
M-Eco P1 dam G™SATCP Co5
M- EcoP15] CAGC™AG X06288,X07312 Hu2,Me2
M- EcoR1 GA™ATTC JO1675 Dul,Gr2,Ke2,Ne2,Ne9,Rul
M- EcoRII C™CWGG X16025,X05050 Bh1,Bu3,Bu4,K06,Ko07,Ko8,
Mal0,Sc6,502,Yod
M:-EcoRV G™SATATC X00530 Bo4,Ga5
M- EcoR124 GA™AANGRTCG Pa3,Pr2,Pr3
M- EcoR124/3 GA™AN,RTCG X13145 Pr2,Pr3
M:EcoT1 dam G™ATC J05393 Sc1,5¢7
M-EcoT2 dam G™SAT M22342 Br7,Ha4,Ha5,Mil,Sc4,Sc5
M-EcoT4 dam G™ATC X01416 Ha6,Mal,Mi2,Sc3,Sc4,5c5
M-Eco311 GGT™CTC Bi7
and G™AGACC
M- EcodTll GGNCC Po6
M- EcoS1I CTGAAG (™0A) Po6
M-Eco5TI CTGA™AG M74821,X61122 Ja8,Ja9,Po6
and CTTC™AG
M- Eco64l GGYRCC Po6
M-Eco721 CACGTG (™C) Po6
M:Eco981 AAGCTT Po6
M- Eco1051 TACGTA Po6
M-Erhl G™ATC Ne5
M-Esp31 GGT™CTC Bi7,Ja3
and GAG™ACC
M- eukaryote mSCGP X 14805 Be7 (Mouse)
X63692 (human)
L10692 Fi2 (Arabidopsis)
M- FnuDI GG™CC Lu2,Val
M- FnuDII mSCGCG Lu2,Nel4
M FnuDHI GCGC Lu2
M- Fokl GG™ATG J04623,M28828 La6,L03,Lu2,Ma8,Nw1
and C™ATCC
M- Fspl TGCGCA Mel
M- Fsul GGWCC (™C) Lel
M'FV3 7mC?”? Esl (Frogvirus)
M-H2 GGCC MT72412 La8
and GCNGC
and GDGCHC
M- Haell RGCGCY Lu2,S13
M- Haelll GG™SCcP M24625 Lu2,Ma5,SI13
M- Hapll C™CGG Wal
M- Hgal GA™CGC D90363 Lu2,Nwl
and G™CGTC Wi7
M- HgiAl GWGCWC Lu2
M- HgiBI GGWCC (™5C) X55137 Kr4,Du2
M- HgiCl GGYRC™C X55138 Kr4,Erl
M- HgiCIl GGWCC (™C) X55139 Kr4,Erl
M- HgiDI GRCGYC (™C) X55140 Kr4,Du4
M- HgiDll GTCGAC (™C) X55141 Kr4,Du3
M - HgiEl GGWCC (™C) X55142 Krd
M -HgiGI GRCGYC (™C) X55143 Krd,Erl
M- Hhal G™CGC 102677 Ba9,Ca3,Lu2,Sm1,Wul,Zal
M- Hhall GMANTC K00508 Ch1,Kel,Ma3,Ma4,Sc9,Sm1
M- Hincll GTYR™AC X52124 Gr5,Mc8,Ro7,Re2
M- HindIl GTYR™AC Lu2,Re2,R06,R07
M- HindIIl mSAAGCTT Lu2,Ro06,Ro7
M- Hinfl GM™ANTC M22862 Chl,Lu2
M- HinP1 GCGC Ba9,Lu2
M- Hjal GATATC (™0A) Dal
M- Hpal GTTA™AC D10668 Br8,It1,Yo3
M- Hpall C™CGG X51322 Lu2,Ma5,Qul,Wi2,Yo2
M- Hphl T™CACC Mc8,Ne2,Ned
M: Kpnl GGT™ACC X61796 Ch2 Ki4
M- Kpn2l TCCGGA Po6
M- Lial ? M77136 Hil
M-Mbol G™ATC D13968 Mc8,Uel
M-Mboll GAAG™A X56977 Mc12,Ned,Ne2
M- Mspl mSCCGGP X14191 Eh2,Je2,Lu2,Nw2,Wal,Wa5
M- Msd TGCGCA Mel
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M- MthTI GG™CC X68366,X97222 No4,No6
M-MthZl m™CTAG X67212,X68367 No4,NoS
M-Munl CA™ATTG X76192 St8
M- Mval C™CWGG X16985 Bu8,K12,Po6
M- Mwol GCN,GC (™C) Lu2,Lud
M- Nael GCCGGC Lu2,Val
M- Neol CCATGG (™C Lu2,Val
M- Ndel CAT™ATG Re7,Sil,We3
M:NgoMI G™CCGGC? M86915 Pi5,St9
M- NgoMVI GGNN™SCCP PiS
M- Ngol RG™CGCY? Ko5,Ril,St9,5u2
M- NgoAl GG™cch Pi3
M- Ngoll GGM™cch X52661,X06965 Ko5,Ril,Su3,Su4
M- Ngolll CCGCGGP Ko5,Ril,St9
M- NgolV G™CCGGCP Ch3,Kol5,Ril,St9
M:NgoV GGNN™CCP Ko5,Pi2,5t9
M- NgoVI GMSATCP Ko5,5t9
M:-NgoVII G™CSGCP Gu4,Ko5,5t9
M- NgoIX GTANS™CCTCY St9
M- NgoBI T™SCACCP Pi3
M- NgoBII GTANsmSCTC® Pi3
M- Nlal GGCC Mo3
M- Nialll C™ATG X54485 Lal,Lu2,Mo3
M- NlalV GGNNCC (™5C) U06074 Lu2
M:NaV GGNN™SCC Mo3
M-NaX 2mC? X54485 Lal
M- NspV TTCGAA D14719 Ue2
M- PaeRTI CTCG™SAG X03274 Gi3,Th1,Th2
M- Pgil G™SATC M63469 Bal0
M- Psdl CTGC™SAG K02081 Le2,Wa3,Wad,Wa6
M- Pvul CGATCG L04163 Sm5
M- Pvull CAG™CTG X52681,X13778 Bl1,Ta2
M- Rrh42731 GTCG™AC Ba6,Yel
M- Rsal GT™AC Ne5s
M-RsA GA™ATTC X14697,X16456 Ba5,Kal0
M- Sacll CCGCGG Lu2
M-Sall GTCG™SAC Lu2,Ro4,R05
M- SauLPI G™CCGGC Okl
M- Sau3AI GAT™SC M32470 Sel
M- Sau961 GGN™CC X53096 Lu2,Nel4,Sz1
M- Sau32391 CTCG™AG Zel
M- ScrF1 C"CNGG M87289 Dad
M- Sfil GG™CCN,GGCC Ba8,Ne5
M- Sinl GGW™CC J03391 Ka5,Ka6
M- Smal CC™CGGG X16458 Hel,Po6
M- Sphl GCATGC Lu2
M- Ssol GMSAATTC M97479 Ka9
M- Ssoll C™CNGG M86545 Ka9,Nil,Ni3
M- SspMQI mCG Nul,Pi5,Re3
M- SssI mS5CG X17195 Kol0,Re3
M- Sts1 GG™ATG D11101 Kis
and C™SATCC

M- SyLTI CAG™AG M90544 Das
M- StyR124 GAANRTCG (™°A) Pr2,Pr3
M- SyR124/3 GAAN,RTCG (™°A) Pr2,Pr3
M- StySBI G™AGNGR™TYGP Ful ,Fu3,Ga3,Nal,Na2
M- StySPI A™ACN,G"TRC? Ful Fu3,Nal,Na2
M-SySQ ATCACNGR™TAYGP Ful ,Fu3
M-SyyS) G™AGN,G™TRC® Ga3
M: Tagl TCG™SA M76680,M76681 Lu2,Mc3,Sa3,S12

Y00499 Bal3
M- TthHBI TCG™A M74795 Ball,Mc3,Sa3
M- T/l TCG™A Sa3,Va6
M- Tetrahymena 7IM6AP? Ca2,Gol
M- Vspl ATTAAT (™6A) X68658 De2
M- Xbal TCTAG™A Lu2,Mc13,Val
M- Xyl C™CCGGG M98768 Wi6
M- Xmal CCCGGG (™C) Ba8
M - Xmalll CGG™CCG Gu9,Mc8,Tr5
M- Xmnl GAAN,TTC Fel

2 See footnote ‘a’ of Table I.
b See footnote ‘b’ of Table 1.

Cloned methylases are shown in bold face type.



