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ABSTRACT

Many mutation detection techniques rely upon recog-
niton of mismatched base pairs in DNA hetero-
duplexes. Potassium permanganate in combination
with tetraethylammonium chloride (TEAC) is capable of
chemically modifying mismatched thymidine residues.
The DNA strand can then be cleaved at that point by
treatment with piperidine. The reactivity of potassium
permanganate (KMnO 4) in TEAC toward mismatches
was investigated in 29 different mutations, represent-
ing 58 mismatched base pairs and 116 mismatched
bases. All mismatched thymidine residues were
modified by KMnO 4/TEAC with the majority of these
showing strong reactivity. KMnO 4/ TEAC was also able
to modify many mismatched guanosine and cytidine
residues, as well as matched guanosine, cytidine and
thymidine residues adjacent to, or nearby, mismatched
base pairs. Previous techniques using osmium tetr-
oxide (OsO 4) to modify mismatched thymidine residues
have been limited by the apparent lack of reactivity of

a third of all T/G mismatches. KMnO 4/ TEAC showed no
such phenomenon. In this series, all 29 mutations were
detected by KMnO 4/TEAC treatment. The latest devel-
opment of the Single Tube Chemical Cleavage of
Mismatch Method detects both thymidine and cytidine
mismatches by KMnO 4TEAC and hydroxylamine
(NH>OH) in a single tube without a clean-up step in
between the two reactions. This technique saves time
and material without disrupting the sensitivity and
efficiency of either reaction.

INTRODUCTION

(reviewed in 2,5). This paper examines the reaction of KMwO

58 different mismatches of all types and represents the reactivity of
116 mismatched bases and the surrounding sequence with KMnO
and TEAC employing the CCM methodology.

MATERIALS AND METHODS
PCR

The reactivity of KMnQ (Sigma, USA) in TEAC (Sigma, USA)
was studied with 29 different cloned moyseglobin promoter
mutants (6) kdly provided by Dr R. Myers. Plasmids containing
wild-type and mutant DNA were amplified using fluorescent or
biotin labelled primers. The primers wereldbelled with the
biotin or the fluorophore (6-FAM for the primer, HEX for the

3 primer). The sequence of the primers used are as follows (6):
5 primer, 3-GCACGCGCTGGACGCGCAT; '3 primer,
5-AGGTGCCCTTGAGGCTGTCC. The PCR conditions were
an initial denaturation at 9& for 2 min, followed by 30 cycles

of 95°C for 30 s, 60C for 45 s, 72C for 1 min and a further
extension at 72C for 10 min. This generated 555 bp products. The
DNA labelled with biotin is represented by B and those labelled with
fluorophore designated F. The mismatch base on the fluorescent
labelled strand is represented by an asterisk in figures and tables.

Chemical reactions

Separate reactionsThis paper utilises and examines in detail a
modification of the original CCM proceduf@) that rephces
OsQ; with KMnOgand TEAC (4).

DNA heteroduplexes were formed by addi@ pl of 100 ng
of wild-type and 100 ng of mutant DNA to RDof 2x annealing
buffer (1.2 M NaCl, 12 mM Tris—HCI pH 7.5, 14 mM Mg{(6).
The solution was then boiled for 5 min, annealed for 80 min at

Mismatched bases have been shown to be reactive with varid® C and allowed to cool slowly to room temperature overnight.
chemicals. Mismatched guanine and thymine bases are reacfifee biotinylated DNA was either attached to streptavidin-coated
with a carbodiimidg1) and mismatchedytosine and thymine magnetic beads (Dynabeads M-280; Dynal, Norway)r the

bases are reactive with hydroxylamine @dHH) and osmium

reactions were performed in aqueous solution. The binding of the

tetroxide (Os@), respectively (2). Potassium permanganatéiotinylated DNA to the streptavidin-coated magnetic beads
(KMnOy) in association with either tetramethylammoniumrequired washing the streptavidin beadgl(Ber reactionith
chloride (TMAC)(3) or tetrathylammonium chloride (TEAC) Bind and Wash buffer (10 mM Tris—=HCI pH 7.5, 1 mM EDTA
(4) reacts with mismatched thymine bases and has been suggesgtd®.0, 2 M NaCl). The streptavidin beads are resuspended in Bind

as a replacement for the toxic QsO

and Wash (3l per reaction). Aliquots of 8l of the beads in

This reactivity of mismatched bases has been exploited to develplution are added to each heteroduplex and incubated with
protocols for mutation detection after hybridisation of mutant andhaking at room temperature. The supernatant is removed and the
wild-type DNA (or RNA). These include the Carbodiimide methocheads are washed with pDof TE (10 mM Tris, 1 mM EDTA)

(1) and the Chemical Cleavage of Mismatch (CCM) methobuffer.
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NH,OH (BDH, UK) and Os@ (Aldrich, USA) DNA modifi- Table 1.The reactivity of KMnQ in TEAC with 29 different Myer’s
cations were performed as reported previously (2). Brieﬂy,mutants representing 58 different mismatches and 116 mismatched bases

75-100 ng of biotinylated DNA heteroduplexes bound to the [Clask GSA, CoT mutations lead to | ClassII: Ge>T, Ce>A mutations lead to
streptavidin-coated magnetic beads in TE buffer were incubated |—--——0:-CA mismatches. T O i
in 20l of 4.2 M NHOH solution for 30 min at 3. For the T -TaTAAGG -TATGAGG |  -GAGCCAG -~GAGACAG
OsQy reactions 2.5l of OsQy buffer (10 mM EDTA, 100 mM RTRgTCCS RTRTTCC cregeren emegeres
Tris—HCI pH 7.7, 15% pyridine) and L6of 0.8% OsQ solution VI ven —cacncen | dcer acancer
is added to the heteroduplexes and incubated for 5 mirt@t 37 GTCTCGT- GTCCCGT - TGTTGGA- TGTGEGA
The NHBOH and Os@incubations are terminated by pelleting the | wr-8a  « v WIST  x n
beads and then washing twice withBO'E buffer. Theccaor-  mecmeor- Toomatee-  cumemec-

The procedure incorporating KMp@nd TEAC was carried WILATT  n N WILBT :
out as described by Robesrs al (4). Briefly, 75-100 ng of Tgoscen. ~geeTAch. “AGRGCAT “AGATCAT
heteroduplexes were incubated in @0of 1 mM KMnQOy/ wiasa - . wite .
3 M TEAC for 45 min at 25C. The reactions were stopped by | -raaacre ~TAAGGTG ~GGAGCAG -GGATCAG
pelleting the beads, removing the supernatant and subsequent ATECCAC AT¥ICAC- ceTacTe- cereere-
washing of the DNA with TE buffer. If the DNA was aqueous | ¥5%4 = cnmoeae | L e LI
rather than attached to the magnetic beads the K@bation cTACCTC- cTaTCTC- TCTATCC- TeTCTCe-
time was 5 min and the reactions were stopped witpu&iGtop WILI4G y
buffer (0.3 M sodium acetate pH 5.2, 0.1 mM EDTA pH 8.0, Hocencn-  moconem
25 pg/ml tRNA solution)(2) and 75@l of ethanol and the DNA WILsC :
precipitated. In all cases the modified bases were then cleaved by -AGGTAGG -~RGGCAGG
treatment with 10% aqueous piperidine (Fluka, Switzerland) at reegrees  reqiee
90°C for 30 min. This reaction was stopped by ethanol wm;m GTGEGET
precipitation and the fluorescent reaction products were separated CAcCeeh- CACTCCA-
on a denaturing 4.25% polyacrylamide gel using an ABI-377 |WI=6G -« ccehens
DNA sequencer (Perkin Elmer, CA). ceacere- cesTeTC-
Sequential, single tube CCM reactiots order to attempt to WL noor ~ATAGGGT
simplify the CCM procedure, the same sample of DNA in a single TRTSCCA TATICCA
tube was modified with two sets of reagents, first KMITGAC WIS e AcAnGG
to modify mismatched thymine bases and secondly\Hto TCTrTCC- TeTCTCC-
modify mismatched cytosine bases. DNA heteroduplexes
(150-200 ng) were attached to the Dynabeads firstincubated with | ¥1=826 _ =~  » &
KMnO4TEAC under standard conditions for 45 min at@5 CCATTCC-  CCACTCC-
followed by an equal volume of 11.5 M hydroxylamine
hydrochloride (pH to 6.0 with diethylamine) and the incubation wedC e
continued for a further 40 min at 25. If the DNA was aqueous TAGTCAA- TAGCCAA-
rather than attached to a solid phase then the K\NtmDbation WILSSA  n .
was for only 5 min. Piperidine cleavage was identical to that Teeamoar-  concoar-
described above. R i
Identifying modified nucleotideShe actual nucleotides modified by _gg:gxgig- '(c;g:%gé_
KMnOQy4 in selected samples were identified using shorter 148 bp | wrsesc = L
fragments of the same mutants. These were amplified using the same Thooome-  mecaGTo-
PCR conditions and primer as described above and prBner of WIHG .
sequence CACAACTATGTCAGAAGC (either biotinylated or ~CCAGTCT ~CCAATCT
HEX labelled). To distinguish mismatches, one strand in the COMIRGR=  COTCAGA-
heteroduplex was fluorescently labelled while the other Was |Grcos mmosiade | ConlV AGT mmiations lead 0
biotinylated. The reactions were electrophoresed on the ABI-377 GG, CC mismatches AA, TT mismatches
sequencer adjacent to A, C, T and G dye primer sequencing tracts m—e—r —— WA .
generated by sequencing the 148 bp wild-type fragment with the -AGCCAGG -AGCGAGG -GGATCAG -GGAACAG
same 5and 3 primers used to amplify the fragment and a Dye reegree roegrees coreres eergeres
primer sequencing kit (Perkin EImer, CA). The sequencing fragment WILISS, ceant _ceconar |TL2A L heac —TCcAcAc
of identical size represents the nucleotide immediatety the site CCGCTTA- CCGETTA- AGGTGTG- RGGAGTG-
of modification by KMnQ as the modified nucleotide itself is WI-12G6  « "

. . .y —-GATCAGT ~GATGAGT

destroyed during the piperidine treatment. CTACTCA- CTAGTCA-
RESULTS AND DISCUSSION The classes are categorised according to base changes, which results in two

o ) ) different types of mismatches. For example -a&base change or vice versa
The reactivity of KMnQin TEAC toward mismatched bases was leads to a CC and a GG mismatch (Class IIl). L, low reactivity; M, medium

investigated in 58 different mismatched base pairs representingctivity; H, high reactivity; N, no reactivityf, reactivity of the mismatch
116 mismatched bases as summarised in Table 1. Solid phasey be due to an adjacent matched T, which is in bold.
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Table 2.A summary of the different types of mismatches and their surrounding bases reactivity withy KMnO

Mismatch No Weak Intermediate Strong Total % % detected
Reactivity Reactivity Reactivity Reactivity Mismatches mismatches with no
detected in adjacent T.
total

C*/A 8 4 2 4 18

C*/C 0 0 0 6 6

C*/T 1 0 2 3 6 70% 40%

A*/C 8 2 0 8 18

A*/A 4 0 0 0 4

A*G 5 1 0 0 6 39% 20%

G*/A 6 0 0 0 6

G*/T 5 0 3 10 18

G*IG 2 4 0 0 6 57% 44%

T*/T 0 0 0 4 4

T*/G 0 2 5 11 18

T*/C 0 1 0 5 6 100% N/A

The final column analyses those mismatch bases without T bases on one or other or both sides.
*The mismatch base on the fluorescent labelled strand is marked by an asterisk.

biotin/streptavidin chemical cleavage was applied for the analysidomparison of OsQ, and KMnO 4 in TEAC with thymine

of these mismatched bases. One strand of each heteroduplex hases

fluorescently labelled while the other was biotinylated and bound

to streptavidin-coated magnetic beads. This methodology dP examine the difference in reactivity of mismatched thymine
chemical cleavage allowed for the analysis of two fluorescentiyases with KMN@QTEAC and Os@ some of the mismatches
labelled strands representing two mismatched bases per experim@ietre reacted with both chemicals. In most cases the signal-to-
The experiment was repeated by alternately labelling the stran@®jse ratio when using KMnQwas greater than with OgQA
forming heteroduplexes and performing chemical cleavage wit'G mismatch was strongly cleaved with KMn(¥ig. 2B) but
KMnOg4 in TEAC to obtain complete analysis of all four strandgveakly with OsQ (Fig. 2A). The matched thymidine adjacent to
(Table 1). The data are further summarised according to mismatcrib& A/C mismatch (or the mismatched A) on the same mutant was

adenine, thymine, guanine or cytosine bases in Table 2. strongly cleaved with KMn@ (Fig. 2B) but indistinguishable
from background with OsgXFig. 2A).

Earlier studies with T/G mismatch reactivity with QsO
identified about a third which were unreact{@). This guation
Mismatched thymine bases does not appear to be replicated with KMre3 all T/G pairs
were reactive (though two were weak). A guanine basetbe

All 28 mismatched thymine bases were reactive and cleaved. Qg&'cgg) Ofbﬁt-%ies rgsr:g?tt%he gclgr: %ﬁﬁd}(l&c;@c)sf ;ﬁ?:é'vslﬁlc\;‘wth

these, three produced a cleavage peak of low reactivity, five WEIB atches in this series (WT/=78A, WT/=37T and WT/—18C)

of medium reactivity and 20 were of high reactivity. Figure 11 modified with KMnQ and this resulted in intermediate to
illustrates examples of low, medium and high reactivity. h(iigh reactivity (Table 1).

All of the reactive 28 mismatched thymine bases were analyse
in Tables 1 and 2. The three weakly reactive mismatches included
two T/G and one T/C. ltis interesting that the two weakly reactiveither bases
T/G mismatches (-82G and —4T) have the same two matched
base pairs represented by the sequence CT ohdide adjacent  KMnO4 has the ability to react with other bases as well as
to the mismatched thymidine. Stacking or other effects mayatched thymidine residues adjacent to mismatches. KNNO
induce this low reactivity. However, a T/G mismatch of highknown to be reactive with free guanosine and cytidine and less
reactivity (-54A) contains the CT matched base pair sequence with free adenosine (11). However, no studies have been reported
both sides of the T/G mismatch. A T/G bond is stable andith mismatched guanine, cytosine or adenine bases. An analysis
reactivity may be influenced by their surrounding sequence (8vas performed to evaluate the possibility that mismatched
The mode of action of TEAC is unclear. What is known is thafjuanosine, cytidine and adenosine residues might be reactive
the presence of tetraalkyl ammonium ions leads to an overalith KMnO4TEAC either directly or apparently reactive due to
destabilisation of the duplex as thgis decreased (9). However, nearby matched thymine bases (thymine bases on either side
they display specific interactions with A/T base pairs and reduajacent to the mismatch). Table 2 providesimrsary of the
the sequence specificity of dupl€&x, (9). Previous speculations analyses. Overall, 57% of guanine, 70% of cytosine and 39% of
concerning TMAQ(3) have sggested that the alkylammonium adenine mismatched bases were reactive. Of those that contained n
ion may have a reduced affinity for the T/T, T/G and T/C mispairaearby thymidine residues, 44% of guanosine, 40% of cytidine and
as opposed to T/A pairs. This would prevent KMm€xactivity at 20% of adenosine mismatches were reactive. These are now
matched thymine bases as opposed to mismatched thymine baskscribed below.
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Figure 1. Traces demonstrating three different strengths of reactivity when iKM@a®incubated with heteroduplex DNA. Scans and analyses were obtained from
an ABI 377 Sequencer as described in Materials and Met#9gdoW reactivity shown on a T*/C mismatch (WTB/-89AM) */G mismatch of medium reactivity
(WTB/-85AF). C) T*/G mismatch illustrating high reactivity (WTB/-54AF). The vertical scales represent fluorescence intensity. The fragmesttvad by
molecular weight on the horizontal axis with increasing size from left to right. The DNA labelled with biotin is represénée tiigat labelled with fluorophore
designated F. The figures in the panels for the chemical cleavage reactions are colour coded. The black strand cotreshandsderttly labelled HEX Brimer
strand. The blue corresponds to the 6-FANdrimer strand. Adjacent T reactivity refers to the matched T adjacent to the mismatch reacting with KMnO

Mismatched cytidine baseJwenty-one out of 30 cytidine mismatches of 15 in this category suggested that some but not all
mismatches were reactive to varying degrees. However, somemismatched cytosine bases were indeed reactive.
this reactivity may have been the result of nearby matched

thymine base reactivity. Table 2 indicates that five of six C/(;Ré. . . .
mismatches were cleaved: four of these mismatches contained'i§matched guanine basehirteen out of 18 G/T mismatches

adjacent matched thymine base. Figure 3A is an example of a (J/£Te cleaved with KMngand TEAC. Half of these contained an
mismatch with no adjacent matched thymine base to th’g_ijacent thymidine. I_:lgure 35 is an example of a G/T mismatch
mismatch. All C/C mismatches were strongly cleaved; only haltith no nearby thymidine residue. Most mismatched G/G bases
of these had an adjacent thymine base. Some C/A mismatchere weakly cleaved (four of six); two of these had a nearby
(10 of 18) were cleaved; seven of these contained an adjacémidine residue. However, one of the unreactive G/G mis-
thymidine residue. To control for this nearby matched thymingatches did contain an adjacent thymidine residue. There was no
base reactivity we analysed the apparent reactivity of mismatchedidence of reactivity in any G/A mismatches. However, only one
cytosine bases where there were no thymine bases on either siflthese G/A mismatches had an adjacent matched thymine base.
(Table 2). The fact that there were six reactive cytidin&Vhen those reactive guanine mismatches without thymine bases
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mismatch. A matched thymine base adjacent to the A*/C mismatch was also strongly cleaved.
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Figure 3.Reactivity of KMnQ with cytidine and guanosine mismatches. Mismatched heteroduplexes were modified with&dTBAC as described in Materials
and Methods.A) Reaction with a C*/T mismatch (WTF/—43ABR)(Reactivity with a G*/T mismatch and a C*/A mismatch (WTF/-54AB). Adjacent T reactivity
refers to the matched T adjacent to the mismatch reacting with KMnO

on either side were analysed (Table 2) seven of 16 were reactife 15 were reactive, suggesting that most reactive adenine
suggesting direct reactivity. mismatches are due to nearby thymine bases.

Although many guanine, cytosine and adenine mismatched
Mismatched adenine basdsleven of 28 mismatched adeninebases appeared to be reactive despite no adjacent thymidine
bases were reactive (three weakly). It is interesting that eight ofsidues being present, this does not eliminate the possibility that
the 18 A/C mismatches showed strong reactivity, however, six other adjacent matched bases (G, C or A) or in fact matched bases
these had a thymidine on one or other side, possibly explainimgarby but not adjacent to the mismatch are responsible for this
the mismatch result. When those reactive A mismatches withoaittivity. Therefore, in some cases the exact base being modified
thymine bases on either side were analysed (Table 2), only thieas determined by accurately sizing the resultant cleavage
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e A
G*/T mismatch

L matched G
S matched T /

F- CCAATCTGCTCACACAG GATAGAGAGGGCAGGAGCCAGG

B ST e TR e

e B C*T mismatch

F- CACACAGGATAGAGAGGGCAGGAGCCAGGGCAGAGCATA

fragments by using single base resolution markers. The mianalysis of the former three bases is complicated by the fact that
matches chosen did not have thymine bases on either side of tlearby reactive thymine (or other bases) may make a mismatched
mismatch base on the fluorescently labelled strand. This expesidenine, cytosine or guanine base appear reactive. This latter
ment provided evidence to suggest KMni@ TEAC reacted point, however, works to the advantage for the use of KiMo©O
directly with at least some mismatched guanine bases (Fig. 4Ajutation detection. Thus, if we consider the 29 mutations as to
and cytosine bases (Fig. 4B). Other examples showed that thbether they would be detected with KMn&one (Table 1), it is
reactivity was sometimes due to neighbouring matched basetgar that they would be (12). This is a major feature of the use of
most often thymine bases but also occasionally with matcheklis reagent for mutation detection. However, there was one
guanine and cytosine bases. This was illustrated in Figure 4@Gutation (WT/—89A, Table 1) where no reactivity was apparent on
where a matched thymidine adjacent to a G/G mismatch reactigee of the strands and weak on the final one. The DNA studied here
with KMnQOg4. An apparently reactive adenosine mismatchs equivalent to homozygous mutations and it is debatable whether
(WT/-25A) was subsequently shown to be due to reactivity of this mutation would be detected in a heterozygous situation.
thymine base 3 nucleotidestd the mismatch (Fig. 4D). Four  The consequences of the multiple reactivities of Klyla@h
other nearby matched thymine bases and a guanine matched hmker bases under these conditions does not significantly alter the
also patrticipated in the reactivity. background but may alter its character. False positives in this
Thus, from this analysis it can be seen that mismatcheskries of results were not observed. Excessive cleavage may
guanine, cytosine and possibly adenine bases can be reactive,rbdtice the ability to detect multiple mismatches. Decreasing the
are not as reactive as thymine bases (Table 2), where K&MnO,4incubation time or decreasing the pH level of piperidine
unreactive examples were found throughout the series. Tii®m 10 to 7-8 are two ways that may control excessive cleavage.
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Figure 4. (Previous page and above) Gel images illustrating chemical cleavage and sequencing ladder products on an 8% polyacmgtasinidegsed This
experiment was performed in duplicate and identical results were obtaik)edl$CM migrates at the same position as the 70 bp sequencing ladder product indicating
that bp 71, a mismatched guanosine residue of the G*/T mismatch, is modified in the chemical cleavage procedure (WTF/-+3@A&sKidacts with bp 69,

a matched guanosine residue, and bp 67, a thymidine re8JG€ N product migrating at the same position as the 81 and 82 bp sequencing ladder product indicating
that the bp 82 and 83 cytidines of the C*/T mismatch are modified during CCM (WTF/—4BABLM product migrating at the same position as the 64 bp sequencing
ladder product indicating that the bp 65, a thymidine adjacent to the G*/G mismatch, is cleaved (WTF/-B)2GB) product migrating at the same position as

the 96 bp sequencing ladder product indicating that bp 97, a thymidine residue 3 nucleotides away from the A*/C mispaateth (\WWEB/—25AF). Four matched
thymine base pairs at the following sequencing ladder positions (95, 102, 107 and 112) and a matched guanosine at kil treghismatch also participate

in the reactivity to a minimal degree. Cleavage peak due &aamatched T bas®; a matched G basg;a matched T basé, a matched T basg; a matched T base.

The different colour traces illustrate the four different types of bases produced by the sequencing ladder reactionscEheprezsponds to the cytosine bases,
orange to thymine, green to adenine and blue to guanine bases. The black trace corresponds to the chemical cleavaggucaciitre pequence line of the
wild-type is represented under each panel. The bases in bold react withyKMeQetter F corresponds to the fluorescently labelled strand.

Single tube chemical cleavage of mismatch Thymidine and cytidine mismatches can therefore be detected in
the same tube; this gives a major benefit in time and cost. This
Single tube CCM involves the combination of the two reactiontechnique was proven to work effectively in both solid (biotin-
to the same sample one after anofti8). Normally NBOH is  streptavidin, Fig. 5A) and liquid phase (Fig. 5B). Both internal
added, the DNA is ethanol precipitated and washed aftand terminal labelling strategies are applicable to the new single
incubation before the OgQeaction can take place. Replacingtube protocol. Internal labelling is conventional and cheaper but
OsQ; with KMnQ4 eliminates the need for the ‘clean-up’ stepdoes not provide the positional information that end labelling
between two reactions as the YBH reaction can take place does. The reagents are used separately if maximal information for
following the initial KMnQy reaction with similar reactivities. the detection of mismatches on both strands needs to be obtained
NH,OH immediately reduces the permanganate ions hen¢s).
terminating the KMnQ@ reaction. The excess NBH added Earlier studies using KMngn the toxic TMAC(3) gudied six
ensures that the efficiency of its modification is unchangednismatches representing the three possible mismatches and the
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Figure 5. KMnO4/NH,0OH CCM reactions detecting both thymidine and cytidine mismatches in a single tube. This technique is demonstrated th both soli
(A) (WTF/-85AB) and liquid phasé} (WTF/-42AF) systems (Materials and Methods).

more recent KMN@TEAC studies studied one of each thymidinein a wild-type background in tumours, detection would be
mismatch type (4). maximal with the combined use of KMgEAC with NH,OH.

The present study was designed to study the reactivity of manyConventional CCM is limited by the time-consuming nature of
examples of a range of thymine mismatches and other mithe technique and by its toxicity which is mainly due to the use
matched bases with KMITEAC. This fundamental study is of OsQ;. TMAC, described earlier (3), is far more toxic than the
necessary to predict the usefulness of Ki@dd TEAC in  recently described TEA) and this mayxlain the lack of use
precision mutation detection in the CCM (2). of this earlier protocol. KMn@in TEAC is safer and less toxic

These extensive and detailed studies report thalnan OsQ (4). Reactivity with mismatched bases and matched
KMnO4/TEAC: (i) is less influenced by neighbouring bases thalases nearby the mismatch is higher with KMAGAC in
OsQy in its modification of thymidine mismatches (Fig. 2); (ii) is contrast to Os@ To a certain extent KMngand TEAC, unlike
highly reactive with matched thymine bases nearby mismatch&$BQu, react with guanosine mismatches (Fig. 4A). The cost of
bases compared with Os(Fig. 2); (iii) to a certain extent reacts KMnO4 and TEAC is considerably less in comparison to the cost
directly with guanosine and cytidine mismatches. Consequent & OsQ;. For all these reasons the replacement of JQsith
these findings, KMNn@TEAC would be able (based on the KMnO4and TEAC is desirable and supports earlier findings (4).
present series) to detect all homozygous mutations used alone
without the use of NbOH provided all four strands are labelled. ACKNOWLEDGEMENT
However, if only two strands were labelled this level of mutation i
detection would be less (93-97%). Also, for examination of Ne authors would like to acknowledge the support of the
heterozygous mutations, heteroplasmic mutations and mutationgtional Health and Medical Research Council, Australia.
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