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Urea improves efficiency of bisulphite-mediated
sequencing of 5 '-methylcytosine in genomic DNA
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ABSTRACT

The detection of 5 '-methylcytosine by the bisulphite-
mediated genomic sequencing method has
considerably aided study of the role of methylation in
areas such as X chromosome inactivation, genomic
imprinting and cancer research. However on occasion
difficulty has been experienced in obtaining complete
conversion of cytosine to uracil in regions of the target
DNA. We report here a simple improvement to the
method involving addition of urea to the bisulphite
reaction, a step which greatly improves the reaction
efficiency, presumably by maintaining the target DNA
in single stranded form, thereby allowing complete and
reliable conversion.

overcomes this problem and should be of general applicabifity.
This consists of adding urea to the bisulphite reaction, a procedure
that we have found not to affect the methylated cytosine reS|du83 in
DNA, or the normal reaction of bisulphite with cytosine remdueg
The new protocol is as follows: genomic DNA (typically® =
is digested with flanking restriction endonucleases, then denatared
by the addition of 1/9 vol of freshly prepared 3 M sodiu§1
hydroxide and incubation for 15 min at°87 A 6.24 M urea/2 M £
sodium metabisulphite (4 M bisulphite) solution is made ﬁy
dissolving 7.5 g of urea in 10 ml of sterile distilled water, addlgg
7.6 g of sodium metabisulphite, adjusting the pH to 5 with 10M
sodium hydroxide and adding sterile water to a final volumeoof
20 ml. Note that the above reagents should be added in the grder
indicated, otherwise difficulty may be experienced in dissolviag
the salts. The urea/bisulphite solution and hydroquinone are then

The bisulphite-mediated genomic DNA sequencing metha ( added to the denatured DNA to final concentrations of 5.36
for positive detection of methylated cytosines in genomic DN&.44 M and 0.5 mM respectively. Typical reaction mixes contain:
involves PCR amplification of chemically modified DNA in 22.2ul of denatured DNA, 208l of urea/bisulphite solution andi
which unmethylated cytosine residues have been converted1@pl of 10 mM (freshly prepared) hydroquinone. The reactlorms
uracil by hydrolytic deamination, but methylated cytosineperformed in a 0.5 ml PCR tube overlaid with 100f mineral =

residues remain unconverted. Deamination is performed @i and, in the experiments described here, subjected to 20 c;gles
single stranded DNA by treatment with a high concentration aff 55°C for 15 min followed by denaturation at"@for 30 s in £
sodium bisulphite at pH 5.0. The bisulphite sequencing meth@dPCR machine (Corbett 3200) essentially as described by Rein
has several advantages over other methods (discu§yedhich et al (4). In subsequent experiments we have found t
has resulted in increasing numbers of laboratories using itrea/bisulphite conversion at 85 for 15 h, as in the standard:
However, although several improvements to the original methadethod, works equivalently well for our samples. The bisulpfjite
(1) have been reported,{—6), problems still persist in obtaining treated DNA is further processed as described)ieXcept that a &
consistent conversion with certain DNA sequences. The&resaclean DNA purification (silica) step is used to desalt the DI’§‘A.
problems seem to be associated with retention of double strandedhe DNA sequence used to illustrate this method comprisgs a
structures in the DNA, since the rate of bisulphite deamination 4f2 kb region containing 66 CpG dinucleotides in the promdter
cytosine residues in double stranded DNA is negligible ( region of the human multidrug resistance gdi¥R1 Primers used &
Whilst we have found the standard techniq@g to be to amplify the converted DNA are as described&h Figurel &
efficacious for many sequences, we occasionally have difficulighows PCR products obtained upon conversion of DNA |soI&d
in conversion of some samples, due either to their sequenitem anMDR1 expressing human leukemia cell line, with ard
characteristics or to sample impurity. Reported improvements teithout urea in the conversion reaction. PCR products in lanes 2
the protocol include reducing DNA size before conversion bynd 3 were amplified frorEcdRI digested DNA and those in
digestion with endonucleases closely flanking the PCR primelanes 4 and 5 from DNA digested witsd, which cuts closer to
(4), introducing multiple heat denaturation steps during conversighe region to be amplified. As can be seen, the largest amount of
(4) and performing conversions at® (5). However in our product was obtained using urea drsd (lane 5). In other
hands, application of these methods alone did not prowexperiments using the same DNA preparation we performed the
consistently successful for difficult samples. Therefore we haveonversion at OC as suggested irb) but obtained no PCR
developed a simple procedure, based on an earlierG#fzaf product (results not shown).
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Figure 1. PCR products obtained after bisulphite conversion of the human 3 2 .
MDR1gene. Lane 1, pGEM markers; lande2aRI1 digested DNA converted - o o -
using standard bisulphite method; lanE&RI digested DNA converted using ' ' - o
urea/bisulphite protocol; lane 4, standard bisulphite conversiReedigested -
DNA,; lane 5,Rsd digested DNA converted using urea/bisulphite; lane 6, * - - -
negative control. B - - -
-
e |
In previous experiments with PCR products obtained using the - ._
standard technique, we sometimes found upon sequencing that : - ae

the region between the converted strand specific primers was not
fully converted. That is, whilst the primer proximal sequence was
fully converted, patches of highly GC rich sequence within the
region remained unconverted. However, upon subcloning and _ _ _
gure 2. (A) EcaRl digested DNA from aMDR1 expressing cell line was

sequencing of the PCR pI’OdUCtS in lanes 3 and 5, all non'CpE%sulphite converted with and without urea. PCR products were subcloned

cytosines were found to_be converted. 'm contrast, _mUltiplQpGEM-T vector) and subclones sequenced (Sequitherm cycle sequencingit)
unreacted non-CpG cytosines were seen in clones derived froon a Li-Cor automated sequencer. The unconverted native sequence ofthe
the PCR product in lane 2, obtained upon conversion in thgggrézhggg GGATSQ?SCdT??dA_TTGGdCEﬁi(?CAGSAﬁE&GCﬁFCGGG-°

; ; .B) Ec igeste rom the cell line was
agse.ncz c:(f urea. Flgug’.‘\ ShOWrS] typg:al .Sﬁquence of Csl(.)nﬁs converted using the urea/bisulphite method and PCR products subcloned &ind
obtaine rom anverS'on with an _W't out urea'_ |m_| ar sequenced. Methylated CpG dinucleotides are indicated on the figure by the
pomplete conversion of non-CpG cytosines was obtained in 2Rumbers 1, 2 and 3. The unconverted native sequence of the region shov@ is
independent clones sequenced from the urea treated samplesGGGGCGTGGGCTGAGCACAGCCGCTTCGCTCTC. Q

To confirm that addition of urea to the conversion reaction did

not cause deamination of methylated CpGs, we used the
urea/bisulphite method to convert and amplify DNA from a Celﬁenaturation capability of urea in the reaction. We anticipate

wepeor//:sdny wo.ll pspeojumoq

u/w

at

&05/1.2/92/

line (HL60) that we had previously shown by bisulphite mediatedf iy 4150 enable the use of smaller cell sample sizes.
sequencing to be extensively hypermethylated in the region under
examination §). The results were entirely analogous to those
previously obtained using the standard bisulphite method. RBure ACKNOWLEDGEMENT
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