
Key RestRiction enzymes foR 
DnA methylAtion AnAlysis

Enzymes and, in particular, restriction enzymes have been 
invaluable assistants in the laboratory for decades, so it is 
not surprising that they have been instrumental in driving 
discoveries in epigenetics-related research as well. 

DNA methylation is one of the most well-characterized DNA 
modifications in vertebrates. Because DNA methylation 
does not alter the sequence of DNA and is lost during PCR, 
studying DNA methylation in the genome, such as the 
presence, location and quantification of 5-methylcytosine 
(5mC) and 5-hydroxymethylcytosine (5hmC) in different 
genomic DNA samples, has become the focus of assay and 
product development efforts. 

Enzymatic manipulation of methylated DNA has seen a 
tremendous amount of innovation over the last 30 years, 
making these DNA modifying enzymes great tools to have 
in your freezer for both today’s experiments and tomorrow’s 
innovation.

ADDitionAl DnA methylAtion 
RestRiction enzymes ResouRces
In this guide, we highlight just a few of the key enzymes 
that have been instrumental in driving discoveries in 
DNA methylation studies. For more information, check 
out these useful resources:

•	 ReBAse (rebase.neb.com): a collection of 
information about restriction enzymes, methylases, 
the microorganisms from which they have been 
isolated, recognition sequences, cleavage sites, and 
methylation specificity.

•	 neB online Resources (neb.com): a collection 
of online databases, interactive web tools, and 
extensive information about restriction enzymes, 
including their application in epigenetics research, 
can be found on our website.

mspi and hpaii

Long before bisulfite conversion, and pre-dating the advent 
of PCR, restriction enzymes were used to differentiate 
between DNA samples for their DNA methylation status. 
MspI and HpaII were an early duo that was used in some of 
the first DNA methylation analysis methods, which relied 
upon radioactive labeling for detection 1 and restriction 
landmark genome scanning, or RlGs.2 

This pair of restriction enzymes has been particularly 
powerful as they recognize the same DNA sequence, 
but exhibit different sensitivities to DNA methylation 

modifications.  This enabled locus-specific discrimination 
between methylated and unmethylated DNA sequence, 
ushering in a new era of epigenetics.

Today, MspI and HpaII are still going strong in protocols like 
the helP assay 3, which made its debut in 2006 and, more 
recently, methyl-seq 4, which uses the restriction enzyme 
duo to pre-treat DNA samples before high-throughput 
sequencing. Both of these approaches provide broad 
coverage of DNA methylation marks with excellent levels of 
sensitivity. 

http://www.rebase.neb.com
http://www.neb.com/nebecomm/tech_reference/default.asp?
http://www.neb.com/nebecomm/default.asp
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC327840
http://www.ncbi.nlm.nih.gov/pubmed/16637018
http://greallylab.aecom.yu.edu/HELP/help.html
http://www.ncbi.nlm.nih.gov/pubmed/19273619


Another simplified protocol that has been successful using 
smaller amounts of input genomic DNA samples, from 
both FFPE and other clinical tissue sources, is Reduced 
Representation Bisulfite sequencing, or RRBS 5 This protocol 
uses MspI in an upstream digestion to decipher genome-
wide DNA methylation studies.

Most recently, MspI and HpaII were incorporated into the 
epimark® 5-hmc and 5-mc Analysis Kit from New England 
Biolabs (NEB), a novel system that enables the simultaneous 
detection of both 5-mC and 5-hmC marks 6. The simple 
protocol leverages the different digestion properties of MspI 
and HpaII, combined with PCR, to quantitate the amount 
5-mC and 5-hmC in a diverse range of samples, using minute 
amounts of input DNA.
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An overview of the mspi- and hpaii-powered protocol in the epimark® 5-hmc and 5-mc Analysis Kit.

mcrBc 

A more recently discovered enzymatic method uses McrBC, 
in which the enzyme cleaves between two methylated 
cytosines, either GmC or AmC.  McrBC, isolated from E. coli, 
can cleave these sites, even when close together (up to 55 
bp apart), which makes it an ideal enzyme for investigating 
locations that are densely methylated. 

McrBC digestion was combined with microarray analysis 
back in 2005, by Martienssen and colleagues7. Using McrBC, 
this team removed the methylated fraction of the genome, 

and then co-hybridized it with an undigested sample on 
high-density microarrays, enabling them to identify regions 
of differential DNA methylation status. 

In 2009, Irizarry and colleagues8 incorporated McrBC into 
a new approach called Comprehensive High-throughput 
Arrays for Relative Methylation (chARm). This approach uses 
high-density arrays as well, but also uses a novel  “smoothing 
algorithm” to more accurately measure methylation from raw 
microarray data. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2860480/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2860480/
http://www.neb.com/nebecomm/tech_reference/Epigenetics/EpiMark.asp#.UEZ6WWhrNQM
http://www.neb.com/nebecomm/tech_reference/Epigenetics/EpiMark.asp#.UEZ6WWhrNQM
http://www.ncbi.nlm.nih.gov/pubmed/18316654


mspJi

Scientists at New England Biolabs recently identified MspJI, 
one of the newest DNA methylation dependent restriction 
enzymes for DNA methylation research studies. MspJI, 
covers a family of enzymes that are related to the known Mrr 
restriction enzymes in certain bacteria. The MspJI family, first 
described in 2011, cleaves methylated cytosine when it is 
two nucleotides away from adenine or guanine, and leaves a 
four-base overhang on the 5’ side9. This enzyme was recently 
used to sequence and map DNA methylation patterns in 
lung fibroblast genomic DNA, highlighting its potential in 
genome-wide applications. 10

Dpni and Dpnii 

DpnI and DpnII are classic, type IIM restriction enzymes. 
They were discovered in Diplococcus pneumoniae in 1975, 
when they were considered unique because they cleaved 
DNA only at a methylated DNA sequence. 11 DpnI and DpnII 
recognize the same sequence, but different methylation 
patterns and can be useful in instances where researchers 
would like to discern two sample populations based on their 
DNA methylation status. DpnI cleaves methylated adenine to 
thymine in the 5’ to 3’ direction, while DpnII cleaves the same 
location, but only when adenine is unmethylated. 

Validated DnA methylation Restriction 
enzymes for today and tomorrow
These methylation-dependent restriction enzymes, which 
have been tested and, where relevant, optimized for 
epigenetics research applications (EpiMark-validated, in the 
case of NEB’s products ) expand the potential for mapping 
epigenetic modifications and simplify the study of both 
5-mC and 5-hmC marks. 

These enzymes have been used to drive innovation in 
protocols over the years, but they are great tools to consider 
for further developing protocols that address the future 
experimental challenges in DNA methylation analysis. To 
learn more about these enzymes, or to discuss any technical 
specifications, neB’s technical services group is always 
available for support.

neb.com

This item is intended for Research Use Only. Not for use in diagnostic procedures. Information, descriptions, and specifications in 
this publication are subject to change without notice.

A quick review of relevant DnA methylation restriction enzymes.

Product DnA methylation Application Recognition site

mspJi Identify 5-hmC and 5-mC 5’... mCNNR(n)
9   

▼...3’
3’...   GNNY(N)

11▲
...5’

lpnPi Identify 5-hmC and 5-mC 5’... CmCDG(N)
10 

▼...3’
3’... GGHC(N)

14▲
...5’

fspei Identify 5-hmC and 5-mC 5’... CmC(N)
12 

▼...3’
3’... GG(N)

16▲
...5’

Dpni Identify 5-mA; used with DpnII
5’... GA

▼ TC...3’
3’... CT

▲
AG...5’

Dpnii Identify 5-mA; used with DpnI 5’... ▼GA TC ...3’
3’... CTAG

▲
...5’

mcrBc Identify 5-mC 5’...PumC(N
40-3000

)PumC...3’

mspi Identify 5-mC; used with HpaII 5’... C
▼
CGG ...3’

3’... GGC
▲
C...5’

hpaii Identify 5-mC; used with MspI 5’... C
▼
CGG ...3’

3’... GGC
▲
C...5’

CH
3

CH
3

Restriction enzymes for DnA methylation Analysis Protocols.

Product neB# size

mspJi #R0661 200/1,000 units

lpnPi #R0663 200/1,000 units

fspei #R0662 200/1,000 units

Dpni #R0176 1,000/5,000 units

Dpnii #R0543 1,000/5,000 units

mcrBc #M0272 500/2,500 units

mspi #R0106 5,000/25,000 units

hpaii #R0171 2,000/10,000 units
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