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We present in Table I an updated list of the sensitivities of 298
restriction endonucleases and 20 DNA methyltransferases to site-
specific modification at 4-methylcytosine (™C), 5-methyl-
cytosine (™C), 5-hydroxymethylcytosine ("»C), and 6-methyl-
adenine (™A) (McC14), four modifications that are common in
the DNA of prokaryotes, eukaryotes, and their viruses
(Mc2,Mc5,Mc8,Mc11,Ne3,Ne4). In addition, new information
is included on restriction endonuclease cleavage at sites modified
with 5-hydroxymethyluracil ("™5U).

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 have different
sensitivities to site-specific methylation. Table II lists 32 known
isoschizomer pairs and one isomethylator pair, along with the
modified recognition sites at which they differ.

The data presented here and an additional three other tables
are available in printed form or as a text file on a 3.5" Macintosh
diskette. The extra tables include Table III which is a list of
over 205 characterized DNA methyltransferases. A detailed list
of cloned restriction-modification genes has been made by Wilson
(Wid). Table IV lists the sensitivities of over 20 Type I DNA
methyltransferases to ™C, m5C, hm5C, and ™A modification.
Most DNA methyltransferases are sensitive to non-canonical
modifications within their recognition sequences (Bu9,Mcl0,
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. 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.

Molecular basis for sensitivity restriction enzymes to
methylation

mdC, mSC, hmSC  and ™A 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 binding of 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,R08),
methylation of either adenine (G™AATTC or GA™ATTC)

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 durin,
catalysis (He3). :

Based upon the X-ray structure of EcoRV endonuclease (Wi5),
hydrogen bonding of Asn-185 to the first adenine of GATATC
is perturbed by ‘canonical’ methylation at the G®ATATC. The
canonical site is the site of methylation by the corresponding
methylase in the same restriction system, in this case M- .EcoRV.
However, EcoRV cannot cleave canonically modified
Gm™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 in the cases of 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 1. Rate effects at
m5C-hemi-methylated restriction endonuclease target sites are
listed in NelO.

Rate of cleavage at methylated restriction sites

DNA methylation may cause long-range perturbations of DNA
minor and major grooves, and a range of rate effects are observed
when modified substrates are used in endonuclease cleavage
reactions. Results can be summarized as follows.

(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 hemi-methylated duplex. Examples of such rate effects
are presented in footnotes to Table I.

* To whom correspondence should be addressed
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(4) Sometimes base modifications which lie outside a
recognition sequénce can influence the rate of DNA cleavage by
a restriction enzyme. For example, Narl does not cut at
overlapping M-Mval-Narl GGCGCC™CCWGG sites (Nel),
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
(Ho1). 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.

BﬁNA modifications other than ™C, m5C, hmSC, hm5{j  and
A

The effects of several other site-specific DNA modifications on
the rate of restriction endonuclease cleavage, such as
5-bromodeoxycytidine, 5-bromodeoxyuridine, S5-iododeoxy-
cytidine, deoxyinosine, 2-aminopurine, 2,6-diaminopurine,
2-chloroadenosine, 7-deazaguanosine, and deoxynucleotide
phosphorothioate deoxynucleotides, are listed elsewhere
(Bol,Be6,Mo4,Br2,Ta5,He4,Gr3,5¢e4,Vo2).

Effect of ™5 CG and ™CNG 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,
BspNl, BstEll, BstNI, CviQl, Dpnl, Dral, EcoRV, HinCI,
Hpal, Kpnl, Mboll, Msel, Ndel, Ndell, Pacl, Rsal, RspX1, Spel,
Sphl, Sspl, Swal, Taql, Tsp5091, TthHBI and Xmnl.

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 AarIl,
Apel, Avill, Bbel, BmaDI, BssHI1, BspMIl, BstBI, Clal, Cspl,
CspdSl, Eagl, EciXl, Ecod4T, Fsel, Fspl, Kpn2l M,
Mu92731, M9273H, Mrol, Nael, Narl, Notl, Nrul, Pful, Pmil,
PpuAl, Pvul, Rsrl, Sall, SalDI, Sbo131, Sfil, Smal, SnaBI, Spll,
Spol, Srfl, Xhol and Xorll (see Table I). Only five enzymes
suitable for pulsed field mapping of eukaryotic chromosomes are
known to cut ™CG-modified DNA: Acclll, Asull, Cfr91, Pmel
and Xmal.

miC, m5C, and MmSC cytosine modifications

In some cases, a restriction enzyme may differ in sensitivity to
™C and ™C at a particular sequence. For example, BstNI and
Mvadl cut ™5C, 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, CviSHI cuts T®CGA but not Th™SCGA.

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 (Mc10 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.

Methylase/endonuclease combinations can produce novel
DNA cleavage specificities

Several strategies involving combinations of modification
methyltransferases and restriction endonucleases have been used
to generate rare or novel DNA cleavage sites (Nel3). For
example, (i) certain adenine methyltransferases may be used in
conjunction with the methylation-dependent restriction
endonuclease Dpnl to create cleavages at eight- to twelve-base-
pair sequences (Mc6,Mc12,Wel,Hal). (ii) Protection of a subset
of restriction endonuclease cleavage sites by methylation at
overlapping methyltransferase/endonuclease targets has also been
described (Hul,K11,Ne6,Qi2). This two-step ‘cross-protection’
strategy has produced over 70 new cleavage specificities, and
many more are possible (Ja2,Ka2,Kl1,Ne6). (iii) Methylases have
been used to compete with endonucleases for recognition sites
in a method called ‘methylase-limited partial digestion’. This
method is particularly useful for performing partial digests in
agarose plugs for pulsed field gel electrophoresis (Ha2). (iv)
Blocking a subset of DNA methyltransferase sites by overlapping
methylation (sequential double-methylation) can expose a subset
of restriction endonuclease sites for cleavage (Mc9,Ne3,Po3).
For instance, M-Hpall, M-BamHI, and BamHI have been used
in a sequential three-step reaction to achieve selective DNA
cleavage at the ten base pair sequence, CCGGATCCGG (Mc¢10).
(v) Polypyrimidine oligonucleotides in DNA triplexes have been
used to selectively mask restriction-modification sites. For
example, polypyrimidine triplexes which overlap M-Tagql sites
have been used to enable selective restriction cleavage (Ma7,
Ko09,Fe3). (vi) Finally, methods based on the sequential use of
purified lac repressor protein, DNA methyltransferases, and
restriction endonucleases have been used to achieve highly
selective DNA cleavages (Ko2).

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 (™A), mcrA (®5CG), mcrB (R™5C)
(Br5,Dil,He2,Ral,Ra2). In vivo or in vitro modified DNA is
inefficiently cloned into E.coli. For example, human DNA which
is extensively 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 restriction systems (e.g. Ma2).

Engineered altered methylase specificities
Many methylase genes have now been sequenced. Extensive
homologies between closely related enzymes (Wi3) or common

motifs (Po5,Sm3) allow new specificities to be developed (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
Aafl AGGCCT ? AGG™CCT Nel
AGGC™CT So3
AGGC™CT Nel
Aafll GACGTC ? GACGT™C Nel
GA™CGTC Fol
Accl GTMKAC ? GTMK™AC? Lu2,Mc3
GTMKA™C b
Accll CGCG ? mCGCG Ga2
Acclll TCCGGA T™CCGGA b TCCGG™A Ke3,La2,5¢2
TC™CGGA b
Acc651 GGTACC ? GGTAC™C Ne5
Acil CCGC ? C™CGC Fol
Afll GGWCC GGWC™SC ? Mcl1,Wh2
GGWC™C b
Aflll CTTAAG ? mWCTTAAG Nel
CTTA™AG
AfiL ACRYGT ? A™CRYGT Nel
Agel ACCGGT ? A™CCGGT Nel
AC™CGGT
Ahall GRCGYC P ? GR™CGYC Ka2,Hul
GRCGY™C
Alul AGCT ? m6AGCT Gr15,Mc11,Ne2
AG™CT
AGMSCT Hul,Wol,Zhl
AGMSCT Bu9
Alwl GGATC ? GG™ATC Ne4
GGAT™C
AIwNI CAGN,CCT ? CAGN,C™CT Ne5
Alwddl GTGCAC GTGC™AC GTG™CAC Nel
AIwNI CAGN;CTG ? CAGN,C™CTGG Bo5
Amal TCGCGA TCGCG™A ? Mcl3
AosHl GRCGYC ? GR™CGYC Eh2,Gr5,Va3
Apal GGGCCC ? Gea™cect La9,Gu9
GGGCC™C
Apel ACGCGT ? A™CGCGT Nel,Qi2
Apall GTGCAC GTGC™AC GTGCA™C Fol,Ho2,Ho3
GTG™CAC Nel
Apyl CCWGG C™CWGG ° mWCCWGG Kl1,Mc11,Ra3
Aqul CYCGRG ? mSCYCGRG* Ka7,Ka8
Ascl GGCGCGCC ? GG™CGCGCC Si2
GGCG™CGCC
GGCGCG™CC
GGCGCGC™C
Asel ATTAAT ATT™AAT ? Nel
AspMDI GATC G™ATC ? Chd
Asp7001 GAAN,TTC GA™AN,TTC G™AAN,TTC Nel
GAAN,TT™C
AspT18l GGTACC GGT™A™CC b GGTAC™C Mu2,Ned
GGTA™CmSC b
Asul GGNCC GGNC™SC ? Rad
Asull TTCGAA TT™CGAA ? Nel
AtuCl TGATCA ? TG™ATCA Ro3,Sc12
Aval CYCGRG C™CCGGG mSCYCGRG Eh2,Nel
CY™CGRG Ka4,Ka7,Mcl1
CTCG™CAG © Ne2
Avall GGWCC GGWC™C b GGW™CC Ba3,Ko3
GGWC™C Mcl10,Mcl11
GGwhmSchmsc Hul
Avill TGCGCA ? TG™CGCA Nel
Bael ACN,GTAYC ? ACN,GTYA™C Fol
Ball TGGCCA ? TGG™CCA* Gil,Gu9
TGGC™CA ®
BamH1 GGATCC GGATC™C GGAT™cCC* Br8,Drl,Ha3,Hul
GG™SATCC GGAT™CC La7
GG™ATC™C GGAThmSChmSC
GGATC™C GGAMSUCC Hol
BamF1 GGATCC GG™SATCC GGAT™CC Anl,Shl
BamKI GGATCC GG™ATCC GGAT™CC Anl,Shl
Banl GGYRCC ® GG™CGCC ? Co3,Ka2

GGYRC™C
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Table L. continued:
Banll GRGCYC GRGCY™SC GRG™CYC Fol,Ne2,Ne6
BanIll ATCGAT ? ATCG"SAT* Sul
Bbel GGCGCC GGCG™CC GG™CGCC Co3,Ne2,Sh2
GGCGC™C
Bbill GRCGYC ? GR™CGYC Co3
BbrPI CACGTG ? mSCAMSCGTG Wol
Bbs1 GAAGAC GAAGA™C ? Fol
Bbul GCATGC GCATG™C GC™ATGC Nel
Bbvl GCWGC ? G™cwace! Dol,Ha3,Va$
Bea WCCGGW WCSCGGW WBCCGGW Sc10
Bell TGATCA ® TGAT™CA TG™ATCA Bi4,Br8,Eh3,Ro3
TGATM™CA Hul
Benl CCSGG B5CCSGG C™CSGG* Ja3,Ja6 K11
Bepl CGCG ? mCGCG Ku3
Bfil CTTAAG ? mSCTTAAG Wol
Bgll GCCNGGC GC™CNGGC ® G™SCCNGGC Kl1,X03,Mc11,Ne2
GCCNGG™C b
GC™CNsGGC ®
Bgi AGATCT ® AG™SATCT AGAT™CT Bi4,Br8,Dr1,Dy1,Eh3
GAThmSyChmSy AGATM™SCT Hul,Pi6,Hol
Binl GGATC ? GG™SATC Bo2
BmaDI CGATCG CG™ATCG CGAT™CG Qi2
Bme2161 GGWCC ? GGWC™C Ma9
Bnal GGATCC GG™ATCC GGAT™CC Nel
GGAT™CC#
Bsal GGTCTC GAGA™SCmSC GGTCT™C Fol,Ne5
BsaAl YACGTR ? YA™CGTR Fol
BsaBI GATN,ATC ? GATN,AT™C Fol
G™SATN4™SAC
BsaHI GRCGYC ? GR™CGYC Fol
Bsall CCNNGG C"SCNNGG ? Fol
BsaW1 WCCGGW WC™CGGW ? Fol
Bsgl CTGCAC ? CTGCA™C Fol
BsiEl CGRYCG ? mSCGRY™CG Fol
BsiW1 CGTACG ? mSCGTA™CG Fol
Bsll CCN,GG ? C™CN,GG Fol
Bsml GAATGC GAATG™C G™AATGC Fol,Nel
BsmAl GTCTC G™AGAC GTCT™C Fol,Nel
BspDI ATCGAT ? AT™SCGAT Fol
m6ATCG™SAT
BspEl TCCGGA TC™CGGA ° TCCGG™A Fol
BspH1 TCATGA ? TC™ATGA Pa2,Se3
TCATG™A Mcl
BspMI ACCTGC ACCTG™C ? Fol
BspMII TCCGGA TCCGG™A T™CCGGA La2,5c2
TC™CGGA
BspOI CCWGG C™CWGG ? Sc10
BspX1 ATCGAT ? ATCG™SAT Zil
BspX1I TGATCA ? TG™ATCA Zil
Bsp1061 ATCGAT ? ATCG™AT # NeS
Bsp12861 GDGCHC GDGCH™C GDG™CHC Fol,Ne2,Ne6
BsrBI GAGCGG GAG™CGG ® ? Fol
BsrFI RCCGGY ? RC™CGGY Fol
BssHI GCGCGC b ? G™CGCGC Ne4,Qi3
Bsil GGATCC GG™ATCC GGAT™CC Ned
GGATC™SC GGAT™CC
GGATC™C Nel
BsiBI TTCGAA ? TTCG™SAA Ned
TT™CGAA Wol
BstEll GGTNACC GGTNA™SCmSC b GGTNAPMSChmSc Hul,Mcl1
GGTNAC™(C Nel
BstEIT GATC ® ? G™SATC My1,Ro3
BsiGI TGATCA ? TG™ATCA Ro3
BsiNI CCWGG ® mSCCWGG ° hmSchmSCowGG Br8,Gr5,Hul Mc11
C™CWGG C™CWGG Nel,Ro3
mSCMCWGG °
BstUl CGCG ? mCGCG Ne5
BstX1 CCAN,TGG ? BSCCAN,TGG Ne2
BstY1 RGATCY RG™ATCY RGAT™CY Ne4
RGAT™CY Nel
Bst11071 GTATAC ? GTATA™C Fol
BsuBI CTGCAG ? CTGC™AG? Gal,Jel,Sh1,St5
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BsuEI
BsuFl
BsuMI
BsuR1
Bsul51
Bsu361
Chil
Cerl

Cfol

cpl
cpél

Dpnl

Dpnll
Dral
Drall
Drdl
Eael

Eagl

Eam11051
Earl

Ecal
EciX1

Ecl1361
EcoAl
EcoBI

EcoDXX1

EcoEl
EcoKI
Eco01091
EcoPl
EcoP151
EcoRI

CGCG
CCGG
CTCGAG
GGCC
ATCGAT
CCTNAGG
TTCGAA
CTCGAG
GCGC

YGGCCR
CAGCTG

CCCGGG ®

RCCGGY

GGNCC
ATCGAT

TGATCA
CGGWCCG

TTCGAA
GATC
GATC
CATG
GANTC
RGCY
CcC
GTAC
TGCA

TCGA

CTNAG

G™ATC ®
GTAT™SC b

GATC
TTTAAA
RGGNCCY
GACN¢GTC
YGGCCR

CGGCCG

GACNSGTC
GAAGAG

GGTNACC
CGGCCG

GAGCTC
GAGN,GTCA b
TGANGTGCT ®

TCAN;AATC ®

GAGN;ATGC b
AACNGTGC ®
RGGNCCY
AGACC®
CAGCAG®
GAATTC

~ N D D D D

TTCG™CAA

-3

C™CCGGG
CC™CGGG

?
CGGWC™CG
?

?

GAT™C
WCATG

?

?

cmse
GTA™C

?

TmSCGA

?
WmSCTNAG
GmSATC
GAT™C
GRSAT™C
?
TTTA™AA
?

?

?

?

GA™CNGT™C
CT C

-2

o R - - B

AGAmSChmSC
5

GAATT™SC
GAAMSUMMSyC

mSCGCGY
m5CCGGY
CT™CGAG*
GG™ccH ®
ATCG™SAT?
mSCCTNAGG
0

CTCG™AG
G™CGC
GhmSc@hmSc
YGG™CCR*
CAG™CTG*
CAG™CTG
m™CCCGGG
mCCCGGG
c™CCGGGY
CC™CGGG
R™CCGGY*
RC™CGGY
GGN™Scc#
m6ATCGAT
AT™SCGAT ®
ATCG™SAT#
TG™ATCA
CGGW™CCG
mSCGGWCCG
TTCG™SAA
GMSATC# '
GMSATC
CmATG*
GmSANTCH
RG™CY*
mSCC #
GT™SAC*
TGCmG A #
TG™CA
TCGm6A #
Thm5CGA
mSCTNAG

CTNm6AG

GATC

Ned

GAT™C

GmSATC

5

RGGNC™CY
GA™CN,GT™C
YGG™SCCR*Y
YGGC™CR
CGG™CCG
m5CGGC™CG

”

G™SAAGAG
GAAG™AG
mSCTMSCTT™SC
GGTN™SACC*
m5CGGC™CG
CGG™CCG
GAGCT™C
G™SAGN,G™TCA* ©
TGmGANsmTGCT )
TCAN7m6 AADPTC #b
G™AGN,ATGC
A™SACNG™TGC* ®
RGGNC™CY
AGTmACCH
CAGC™AG*
G™SAATTC b
GA™SATTC?
GAATT™SC b

Gal,Jel,Sh1,St5
Jel

Jel

Gus,Ki2 Ki3
Ra4

Ne5

Mul

Nel

Ehl

Hul

Kl

Bu9

BulQ

Bi5,Kl1

Nel

Bi5,Kl1
Ca4,Mc11,Mc12,Ned
Wol

Mc3

Fil,Ro3

Mcll

Ne4,Scll
Ri2

Nel, Xil, Xi6
Nel

Xi3

Sh3,Xi2

Xi4

Xis

Nel

Nel

Ho4,Ne2

Hul

Nel
La3,Mcl11,Vol

NeS
Del,La3,Lad4,La5,Ma6,Vol
Nel

Sc8

Fol

Ja2,Whl

Mcll

Fol
Fol,Ne4

Nel
Br2??
Qi3

Fol

Bi2,Co6,Fu2
Bi2,L.a10,Lall
Pil

Co6,Fu2
Bi2,Bi3,Kal

Sc8
Bal,Ba2,Ha4,Re4
Hu2,Me2
Mc11,Ne2,Rul
Brl1,Br8,Dul,Hol
Hul,Ka3,Tal
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Table 1. continued:

EcoRIL

EcoRV
EcoR1241

EcoR124/31
EcoT22 1

Eco3ll
EcodTl
Ecod4THl
EcodTII
Eco5TI

Ehel

Espl
Esp3l

FnudH1
FnuDll
FnuEl
Fokl

Fsel

Fspl
Fsul
Haell

Haelll

Hapll
Hgal

HgiAl
HgiBI
HgiCl
HgiCll
HgiDI
Hgibll
HgiEl
HgiGI
Hgilll

Hincll
Hindll
HindIll
Hinfl

HinPl
Hpal

CCWGG
C™CWGG

GATATC
GAANRTCG °

GAAN,RTCG ®
ATGCAT

GGTCTC

GGWCC
GGNCC
AGCGCT
CTGAAG

GGCGCC
GGCG™cC

GCTNAGC
CGTCTC

GCNGC
CGCG

GATC
CATCC

GGCCGGCC

TGCGCA
GGWCC
RGCGCY ®

GGCC

CCGG
GACGC

GWGCWC
GGWCC
GGYRCC
GGWCC
GRCGYC
GTCGAC
GGWCC
GRCGYC
GGYRCC

GANTC
GTYRAC

GTYRAC

GANTC

GCGC
GTTAAC

CCGG

mSCCWGG b
Bu8,Na5,Ro3

GATAT™C ®

GATATh™SC
?

?
?

GMSATC b
CAT™CC
CATC™C b
CATC™(C
9

-~

GGC™C

WGCW™C

D D N D D D D ) Q

?
GTYRA™C

A™SAGCTT?
AAGChmSyhmSy;

GANT®™SC b

GTTAATSC

mCCWGG

CmCwWGGH
CC™AGG
hmSchmScwGG
GM™SATATC!
GAT™ATC
GA™ANGRTCG
GAANGR™TCG
mé A
ATG™CAT
ATGC™SAT
GGT™CTC #
Gm6AGACC #
GGWC™C
GGNC™C
AG™CGCT
CTGA™AG
CTTC™AG
GG™CGCC

GGhmScGhmschmsc
G™CTNAGC
mSCGTCTC
GGT™CTC #
GAG™SACC #
G™CNGC
GCNG™C
mCGCG

CG™CG

o

GG™ATG
C™ATCC

Nel
GG™CCGGM™CC
GGC™CGGCC
GG™CCGGCC
TG™SCGCA
GGWC™C
RG™CGCY
RGCGmSCY
RGMSCGhmScy
GGMScct b
GGhmSchmSc
C™CGGH
GA™CGC
GACG™C
GWG™CWC
GGW™SCmSC
GGYR™CC #

Kul,Yol

Bo7,Mcl1

Bu7

Hul,Ka3
Mcl11,Ne2,Wol
Fl1,Hol
Pr2,Pr3

Bil

Prl,Pr2

Nel

Bu8

Jas

Po6
Nel,Ned
Ja8,Pob
Co2,Nel
Ne4

Fol

Ja3

Gu9,Ko3
Gal,Ga2,Ne2,Ne6,St6
Lul,Ne2
Po3,Po4,Sc2
Ne7

Ned
Lel

Eh2,Gr5,Ka2,Ko3,Mc11,Pi5

Nel

Hul
Ba3,Ka2,Ko3,Ma5
Hul

Eh2,Wal

Nel

Mcll
Fol,Ne2,Wh3
Rad

Erl

Erl

Ra4

Rad

Erl

Swl

Wh3
Eh2,Ko03,Sm1
Mcll,

Hul

Gr5,Ro7
Hul
Ro7

Br8,Gr5,Nel,Ro7
Hol,Ne2
Hul,Ka3
Chl,Col,Ne2,Pel
Hutl

Mcl1,Ne6
Br8,Gr5,Hul,Yo3
Hul

Hol
Be3,BulQ,Eh2,Ma5
Ko03.0ul. Was
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Hphl

Kasl
Kpnl

Kpn21
Kspl

Maell
Maml
Mbol

Mboll

Ml

Miul
MB92731
Mu927310
GC™CGGC
Mmell

Mnll

Mphl
Mrol

Mscl
Mspl

C™CGG
Msil
MthTI
Mval

Munl
Mwnl
Nael

Nanll

Narl

TCACC

GGCGCC
GGTACC ®

TCCGGA
CCGCGG
ACGT
GATNLATC
GATC ®
GAAGA
RGATCY
ACGCGT
TCGCGA
GCCGGC

GATC
CCTC

CCWGG b
TCCGGA
TC™SCGGA
TGGCCA
CCGG ®
CCTNAGG

CCWGG

CAATTG
CGCG

GCCGGC
GMATC b

GGCGCC

Cm4CGG b

TCAC™C

0
GGTA™CC
GGTAC™SC
GGTA™C™SC b
GGT™SACC
TCCGG™A

?

?
?

GAT™C
GAT™SC b
GAMSyC
T™CTT™C ®

G™SAAGA
?

m6ACGCGT
?

?
?

?
TCCGG™SA
Nel

?
WMCCGG
C™CGG

mSCCTNAGG
N

CUSCWGG ®
WOCWGG

-~

G™SATC
GMSAT™C ®
GGCGC™C

mCCSGG
CC™ATGG
AGMSATCT b
o

mSCATATG b
GAT™C b

?

?

D D D

G™ATC
GMSATC
GCGGCCG™SC

C™SCGGH
hmSchmSoGG
T™CACC*
TCAmSCC
GGTG™A
GG™CGCC
GGT™ACCH
GGTAC™C

T™SCCGGA
TC™CGGA
mCCGCGG
C™CGCGG
ADSCGT b
G™SATN,@SATC
GmeATC *
GAT™SC

GAAG™SA *
GA™AGA

RG™ATCY
RGAT™CY
RGAT™CY
A™CGCGT
T™CGCGA
G™CCGGC

GM™SATC
mSCCTC
mCSCT™SC
C™CWGG
T™CCGGA

TGGC™CA
micCGGY
mSChmSCGG

?
Gemcct

MCCATGG b
mSCCATGG

?
GAAG™SA
mép
GMSATC

Hul
Fol,Mc11,Ne2

Fol
Eh3,Ki4,Mcl1
Nel

Mcl,Nel

Nel

Nel

Qi2

Mo2

St4

Br5,Gel ,Mc8
Hul,Ro03

Hol
Ba3,Mc11,Mc12,N¢2

Onl

Mc11,5h1,8t5,Qi3
Nel
Nel

Bob
Eh3,Mc11

Ro3
Mc1,Nel

Fol
Eh2,Je2,Va3,Wal,Wa5
BulQ,Hul

Ne5
No4
Bu8,Ku2
Gr4,Kul

Nel

St8
Nel
Eh3,Kl1,Mc11,Ne5

Pal,Ne5

Ko3,Mc11,Ne5
Nel

Br8,Ko3,Mc11
Kl1,Ne2,Ned

Qil

Mcl13
Bed, Mcl1
Mc9
Ko3,Ko5
Ko3,Ko5
Su3,Su4
Pi3,Pi4
Fol
Kl1,Mc11,Ne2
Lal,Mo3
Zh2

Nel

Pal

Pal

Mcll
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Table 1. continued:

Nrul

Nsil
Nspl

NspBIl
PAMI

Pfal
Pful
PaeRT1
Pmel

PpuMl
Psd

Rrhd2731
Rsal

Rshl
RspX

Rsr1

Rsril

Sacll

SalD1
Sau3Al

Sau32391
Sbol3l

SnaBI

Snol
Spel

Sphl

TCGCGA

ATGCAT
RCATGY

CMGCKG
CCAN;TGG

GATC
CGTACG
CTCGAG

GTTTAAAC
CACGTG
CGTACG
RGGWCCY
CTGCAG

CGATCG ®
CAGCTG

GTCGAC
AGTACT
GTCGAC
GTAC®

CGATCG
TCATGA

GAATTC
GA™ATTCY b
CGGWCCG

GAGCTC
CCGCGG

GTCGAC

TCGCGA
GATC ®

GGNCC

CTCGAG
TCGCGA
AGTACT
CCNGG

GATGC
GGCCNGGCC

CTGCAG
CRCCGGYG

GGWCC
CCCGGG

TACGTA

GTGCAC
ACTAGT

GCATGC

TCG™CGA

TG™CATA
?

C™CGCKG
?

G™ATC
?
?

GTTTAAA™C

DD

CG™ATCG
?
?
?

?
GTA™C b

CG™SATCG
?

?

Bas

?

G™SAGCTC

GAGCT™C

?

GTCGA™C

TCGCG™A

G™ATC

GAMmSyC

?

9

TCGCG™A
AGTA™CT
mCCNGG

GATG™C
GG™CCN;GG™CC ®
GGCCN;GGC™C

?

?

?
C™CCGGG

GCATG™C
GhSCATGM™SC

GCGGC™CGC

T™SCGCGA

TCGCG™A
ATGC™SAT

RC™ATGY

R™CATGY

»

C™CANTGG
C™CANTGG
N

CGTA™CG
CTCG™AG!
CT™CGAG b
.

CA™CGTG
CGTA™CG
RGGWC™CT
mSCTGCAG P
CTGC™AGH
ChmSUGCAG
CGAT™CG
CGAT™CG
CAG™CTG!
CAG™CTG
GTCG™SAC
AGT™ACT
GTCG™AC
GT™AC
GTA™C

0

TC™ATGA
TCATG™A
G™SAATTC

mCGGWCCG
CGGW™CCG
CGGWC™CG
GAG™CTC
Fol
mSCCGCGG
GT™CGAC ®
GTCG™ACH
GMSUCGAC
T™CGCGA
GAT™CY ®
GAT™C
GAT™SC
GGN®™Cct
GGNC™SC
GGNhmSchmSc
CTCG™AG*
T™SCGCGA

0

C™CNGG
C™CNGG
G™CATGC
GGC™CN;GGCC

CTGC™AG
CRC™CGGYG
Gewmscct
WMCCCGGG
m5CCCGGG b
C™CCGGG ®
CC™CGGG
CC™CGGG Y
TA™CGTA
T™SACGT™A
GTG™CA™C
mSACTAGT
A™CTAGT
GC™ATGC

St5,Qi2
Nel,Qi3
Ne2
BeS,Wol
Nel

Nel

Nel

Nel

St7

Ro3

Nel

Gi3

Ghl

Fol

Fol

Nel

Fol
Dol,Gr5,Mc11,Ne2

Hol
Br8,Bu7,Eh3

Br8,Bu9,Dol
Eh3,Ja3,Rol
MoS

Mo5

Ba6
Eh3,Fol,Nel,Ne4,NeS
Wo2

Lyl

Pa2

Ne4

Mcll

Mcl11,Qi3

Mcll

Kl1,Ne2
Br8,Eh2,Lu2,Qil
Mc3,Ro4,R05,Vad
Hol
Mc13,Nel,Qi3

Dr1,Eh2,Ja3,Mc3,R03,Sel

Hol,NeS
Hul
Ko3,Ne2,Pel

Hul

Rad

Mc11,Nel
Wol
Da4,Mcl11,Ne2
Nel

Mcll1,Po4
Mcl1,Qi2

Br8

Ta3

KaS,Ka6
Br8,Bul0,Eh2,Ga4
Ja3,Ka7,Mc3,Qul

Fol,Yal

Ho3,Wol

Ho2

Wol
Mcl11,Mo3,Ne2
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Table 1. continued:

spll CGTACG CGT™ACG CGTAmMSCG Nel,Ne4,Qi3

Spol TCGCGA TCGCG™A T™SCGCGA Nel,Ned
TCG™CGA

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

Ssol GAATTC ? G™AATTCH Ni4

Ssoll CCNGG ? C™CNGG Vil
mSCCNGG Gr4

SspRFI TTCGAA ? TTCG™AA Lil

Sstl GAGCTC ? GAG™CTC Br8,Rol
GAGhmSCThmSC Hul

Ssell CCGCGG ? mCCGCGG Ne5
C™CGCGG Ne5

Stsl GGATG ? GG™ATGY Kis
Cm6ATCCH

Stul AGGCCT ? AGG™CCT Ca4,Mcll
AGGC™CT : So3
AGGC™CT Nel

StySBI GAGNGRTAYG b ? G™SAGNR™TAYG' ®  Nal,Na2

StySPI AACN(GTRC ® ? ATCACN,G™TRC* ® Nal,Na2

Taql TCGA T™CGA b TCG™A Y Gr5,Hul ,Mc3,Va3

ThmSCGA b Hul

Taqll GACCGA ? G™ACCGA Ned

CACCCA

TagX1 CCWGG mSCCWGG ? Grl

C™CWGG

il GAWTC GAWT™SC ? Fol

m TCGA ? TCG™A Sa3,Va6

Thal CGCG mCGCG mSCGCG Gal,Nel
mSeGhmScg Hul

TehIl 1 GACN,GTC GA™CN,GTC ? Fol

GACN;GT™C

TthHBI TCGA TOSCGA TCG™A ¥ Sa3

Tsp5091 AATT ? mSAATT Fol

Xbal TCTAGA ? TCTAG™A# Mcl13,Wel
T™SCTAGA ® Gr5,Hul,Ne2
TSCTAGA

Xeyl CCCGGG ? C™CCGGGHY Wi6

Xhol CTCGAG ® ? CT™CGAG Br8,Eh2,Eh3,Ka7
CTCG™AG Mc3,Va3
mSCTCGAG

Xholl RGATCY RG™ATCY RGAT™CY ® Br8

Xmal CCCGGG CC™CGGG b MCCCGGG Bu10,Yo05,Yo6
mCCCGGG
C™CCGGG
CC™CGGG

Xmalll CGGCCG ? CGG™CCG Gu9,Ne2

Xmnl GAAN,TTC GA™SAN,TTC G™AAN,TTC Mcl11,Ne2
GAAN,TT™C b

Xorll CGATCG ? CGAT™CG Br8,En2
CG™ATCG ®
hmSCGATIMSCG Hul,Sm4

a. # denotes canonical modification MTase specificity. M= A or C, K= Gor T, N= A,C,G,or T,R=AorG,Y=CorT,W=AorT,S= GorC, D=
A,G or T, H= A,C or T. Sequences are in 5'-3' order. ™C= N4-methylcytosine; ™°C= C5-methylcytosine; P™3C=hydroxymethylcytosine;
hmS5U =hydroxymethyluracil; ™C= methylcytosine, N4 or C5-methylcytosine unspecified; ™A = N6-methyladenine. Nomenclature is according to (Sm2) and (Co4).
b. Acel nicks slowly in the unmethylated strand of the hemi-methylated sequence GTMKA™SC. Accl cuts slowly at hemimethylated GTMKA™SC (Nel0).

Acc cuts slowly at T"CCGGA and T™CCGGA (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).

Asp718] cuts M-CviQI -modified (GT™AC) Chlorella virus NY2A DNA. Asp718I does not cut GGTAC™CWGG overlapping dcm sites (Mu2) or m5C.substituted

phage XP12 DNA, whereas Kpnl cuts XP12 readily (Ne4).

Aval nicking occurs slowly in the unmethylated strand of the hemi-methylated sequence CTCG™AG/CTCGAG (NeS5).

Avall cuts slowly at GGWC™C,

Bacillus species have been surveyed for G™ATC and C™>CWGG specific methylases. Many species have G"™ATC specific methylases but none had C"CWGG

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 0. or ™5C-methylated at different positions.

Bgll cleavage rate at certain GC™CN;GGC, GC™CN;GGC, and GCCNsGG™C hemi-methylated sites is extremely slow. However, m5C bi-methylated

M - Haelll - Bgll sites are completely refractory to Bgll (Ko3,Ne2).

BspEI cleavage slowed by TC™SCGGA (Fol).
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BsrBI cleavage slowed by GAG™CGG (Fol).

BssHII does not cut M- Hhal-modified DNA, in which two different cytosine positions are hemi-me{t:;ylated, G™CGCGC/GCG™CGC (Ned).

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

BstEIl cuts the fully mSC_substituted phage XP12 DNA (Ne5).

BsiNI cuts C"SCWGG, ™CCWGG and ™C™CWGG (Ne5). BsNI isoschizomers that are insensitive to C"CWGG include Aorl, Apyl, BspNI, Mval and TagX1
(Mc4).

BsuRI nicking occurs in the unmethylated strand of the hemi-methylated sequence GG™CC/GGCC.

Cfr9l, see reference BulO 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, NmuEI, NmuDI and NsuDI (Cal). Dpnl cuts dam modified
XP12 DNA (Ne6).

M:Eco dam modifies GAT™C at a reduced rate (Ne5). Many other bacteria that modify their DNA at G™ATC are listed in references Bal and Lol.
EcoAl, EcoBl, EcoDl, EcoEl, EcoDXXI, EcoKI are Type I restriction endonucleases. ™T represents a 6-methyladenine in the complementary strand.
EcoPl is a Type III restriction endonuclease (Bal,Ba2,Ha4).

EcoP151 is a Type HI restriction endonuclease (Hu2).

EcoRI cannot cut hemi-methylated G™AATTC/GAATTC sites. Bimethylated GA™SATTC/GA™CATTC sites are not cut by EcoRI or Rsrl (Ne5). EcoRI shows
a reduced rate of cleavage at hemi-methylated GAATT™C (Trl) 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 (Re5). EcoRII iisoschizomers that are sensitive to C™CWGG include AuBI, Atull, BstGIl, BinSl, Eclll, Ecall, Eco271, Eco381
and Mphl (Ro3). EcoR1l shows reduced rate of cleavage at hemi-methylated “CCWGG/CCWGG sites (Yol).

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

EcoR1241 and EcoR124/31 are Type I restriction endonucleases. ™T represents a 6-methyladenine in the complementary strand.

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 Pod4.

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 hemi-methylated sequence GG™CC/GGCC.

Hinfl cuts GANT™C, however, detectable rate differences are observed between unmethylated, hemi-methylated (GANT™C/GANTC) and bi-methylated
(GANT™SC/GANT™C) target sequences (Col,Gr5,Ne5,Ne10). However, the rate difference between unmethylated and fully methylated Hinfl sites is only about
ten-fold (Hul,Ne5,Pel).

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

Hpall nicking in the unmethylated strand of the hemi-methylated sequence ™SCCGG/CCGG is in dispute (Be3,Bul0,Ko3). Hpall cuts hemimethylated mCCGG
fifty times slower and fully methylated mCCGG 3000 times slower than unmethylated DNA (Ko3). See reference (BulQ) for Hpall rate effects.

Kpnl sensitivity to hemi-methylated GGTA™CC and GGTAC™C sites has been reported. Kpnl cuts ™C-substituted phage XP12 DNA (Ne4) but cuts slowly
at hemimethylated GGTA™C™C (Nel0).

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

Mbol isoschizomers that are sensitive to GPATC include BssGIl, BsaPl, Bsp741, Bsp76l, Bsp1051, BstXIl, BstEIIl, BssGIl, Cpal, Ciyl, CviAl, CviBIl, CviHl,
Dpnll, FruAll, FnuCl, Hacl, Meul, MkrAl, Mmell, Mnolll, Mosl, Msp6TH, Mthl, MthAl, Ndell, NflALl, NfiBI, Nfll, NlaDI Nlall, NmeCl, Nphl, NsiAl, NspAl,
Nsul, Pfal, Riull, SalAl, SalHI, Sau6782I, SinMI, Trull (Ro3).

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

Mammalian methylase is the n5CG methyltransferase from Mus musculus. (mouse) (Be7).

Mspl cuts the hemi-methylated sequence C™5CGG/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).

Mbyal nicking occurs in the unmethylated strand of the hemi-methylated sequence ™CCWGG/CCWGG and CC™AGG/CCTGG (Kul). Mval cuts XP12 DNA
very slowly at ®SC™CWGG.

Nanll requires adenine methylation on both DNA strands (Cal). Nanll cuts M- Eco dam modified XP12 DNA (Ne5).

Ncil may cut ™SC™CGG methylated DNA (Br8,Je2). Possibly the second methylation negates the effect of C™*CGG.

Ncol is blocked by M- Secl (CCNNGG) (Ne5).

Ncrl is a Bglll isoschizomer from Nocardia camia Beijing (Qil).

Ndel cuts the fully ™5C-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 (Gud). NgoPIl, Ngoll and NgoSI may be the same. NgoPIIl may be Ngolll.
Ngoll does not cut overlapping dcm sites (Sud).

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

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

PaeRI 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 méA completely protects against PaecR7 cleavage (Ghl).

Pstl cuts slowly at hemimethylated ™SCTG™CAG (Ne10).

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

Rsal cuts the fully ™C-substituted phage XP12 DNA (Ne5), [contradicted by (Fo1)] but does not cut Chlorelia virus NY2A DNA, which is modified at GT™AC
(Ned,Xil). DNA from Rhodobacter sphaeroides species Kaplan is cut by Asp718l, but not by Rsal or Kpnl (Ned). It is likely that M- Rsal specifies GTA™C;
and high levels of ™C are present in R. sphaeroides DNA (Eh3).

RsrI cannot cut hemi-methylated G™AATTC/GAATTC sites.

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

Sau3Al nicking occurs in the unmethylated strand of the hemi-methylated sequence GAT™C/GATC (St3). Sau3Al cuts at a reduced rate at AGATC (Onl).
Sau3Al isoschizomers that are insensitive to G™ATC include Bce2431, Bsp49l, Bsp511, BspS21,Bsp541, BspSTI, BspS81, Bsp591,Bsp60l, Bsp611, Bsp64l, Bsp651,
Bsp66l, Bsp671, Bsp72l, BspAl, Bspd11, BsrPl, Cpfl, CspSI, Cpel, FnuEl, MspBl, SauCl, SauDl, SauEl, SauFI, SauGI and SauMI (Ro3).

Sfil cannot cut M- Bgll-modified DNA (Nel).

Smal nicking occurs in the unmethylated strand of the hemi-methylated sequence CC™CGGG/CCCGGG (Bu10,Wa5). Smal may cut C™C™5CGGG 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 mgl(zﬂ) or at overlapping M- Haelll-Smal sites (GG™CCCGGG, NeS). Other investigators have reported that Smal cuts
at a reduced rate at hemi-methylated ™ CCCGGG sites (Bul0).

Spel cuts slowly at hemimethylated A®SCTAGT (Nel0).

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

StySBI and StySPI are Type I restriction endonucleases. ™T represents a 6-methyladenine in the complementary strand.
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Tagl cuts very slowly at TMSCGA (Hul). Tagl cuts the fully ™C 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 hemi-methylated DNA at high enzyme levels (> 100U Xba Lug), but will not cut this sequence in twenty to forty-fold

overdigestions (Ne5,NelQ).

Xholl nicking occurs slowly in the unmethylated strand of the hemi-methylated 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 (NeS). 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.

Methylated sequence® Restriction isoschizomer pairs References

Cut by Not cut by
mCATG CviAll Nialll Zh2
mCCGG Mspl Hpall Bul0
C™CGG Mspl Hpall,Hapll Eh2,Mcl1
C™CGG Mspl Hpall Bul0
CC™CGGG Cf91,Xmal Smal Bul0
WCCTNAGG Msil Bsu361 Nes
C™SCWGG BstNI,Mval EcoR1 ¢ Bu8
mSCCWGG Apyl,EcoRII,Mval Apyl Kel,Kul,Ne3,Yol
CG™ATCG Pwl Xorll Bi3,Br8,Sm4
GAAN,TT™C Asp7001 Xmnl Nel,Ne2
GA™CN,GT™C TrhIl Drdl Fol
GAGCT™C Sacl Ecl13611 Qi3,Fol
G™ATC FruElSau3Al Mbol Ndell Gel,Lul,Mc9,Ro3
GAT™C Mbol Sau3Al Ned
GAT™(C Mbol Sau3Al Ned
GGC™SC Haelll Ngoll Sud
GGNC™C Asul Sau96l Ko3
GTG™CAC Apall Alwaa Nel
GGTAC™C Kpnl Asp7181 Mu2
GGTAMSCmSC Kpnl AspT181 Ned
GGWC™C Afll Avall,EcodT1 Ba3,Ja5,Wh2
RGMATCY BstY1,Xholl Mfl Mc9,Ne4,Onl
RGAT™CY BstYl Xholl Ne4,0nl1
T™CCGGA AccIll BspMIL,Kpn21,Mrol La2,Sc2
TC™CGGA Acclll BspMILKpn2I,Mrol Sc2
TCCGG™A BspMI1,Kpn21,Mrol AccIll Ke3,Ned
ThmSCGA Tagl CvisIll Mcl4
TCGCG™SA Amal,SalD1,Sbo131,Spol Nrul Mcl11,Mc13,Ned
TCG™CGA Nrul Spol Nel,Qil
TT™CGAA Asull BsiBI, Csp451 Wol
TTCG™AA Chil BstBI,Csp451, SspRF1 Lil,Mul,Sc11,Wol
CGGWC™CG Cspl Rsrll Qi3

a. In 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.

c. See footnote ‘a’ of Table L.
d. See footnote ‘b’ of Table I.
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