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Advances in approaches to DNA-based diagnostics 
David Whitcombe*( Clive R Newton+ and Stephen Little”‘9 

The most tangible advances in DNA diagnostics during the 

past year have been in enhancing existing techniques to 

simplify their use and improve throughput. This has led to 

simplified genotyping methods using homogeneous analysis 

coupled with spectral data output. Miniaturisation and 

increased throughput have also been achieved through 

improvements in DNA chip technology. 
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Abbreviations 

ARMS amplification refractory mutation system 

FRET fluorescence resonance energy transfer 

HANDS homo-tag asslsted non-dimer system 

OLA oligonucleotide ligation assay 

PNA peptide nucleic acid 

RRS resonance Raman scattering 

Introduction 
IINA-based diagnosis is the application of molecular tcch- 

nictucs to identify the various clinically relevant catcgoricr 

of genetic changes. ‘Ii) be uuly uscfril, the diagnostic must 

identify the appropriate changes accurately and it must do 

so in a con\,cnicnt and practical \vay. ‘I’hc choice of 

method will IX intlucnced by the actual clinical applica- 

tion but ir should I3c sensiti\rc, specific, simple, quick. and 

cost-cffectivc to p-form. I:or these reasons the various 

approaches must IX considered in the light of both their 

c\aiwal application and rhr en\,ironment in w,hich rhq 

\4ill t,c applied. 

In this rcvicn; WC focus on molecular techniques rathcr 

than cytogcnetic methods. \Vc consider specifically the 

issues concerning the analysis of human genetic variation 

in the clinical setting. \Ve hail not considered methods for 

dewcting gene copy number differences, length polymor- 

phisms or variations in gene expression. Neither have wt’ 

considered the detection of, or discrimination between. 

infectious disease agents. although many of the tcchnictrles 

discussed here are applicable to such analytical needs. 

(Iinicalty important human genetic \Gation is most frc- 

ctucntty observed as point mutations or other small IINA 

L ariations that alter gene function. Ir is these micro gcnct- 

ic kkations that genetic tests must dctcct accurately. 

Ikpending on the specific clinical application thcrc arc 

large differences in both the number of poinr muutions OI 

pot~morphisnis that arc relevant ro the analysis and the 

level at which they arc present in the saniptc. ‘I’he nlimkr 

of point mutations needed for 21 particular tliagnosric test 

varies from one (e.g. sickle cell anacmia) to perhaps 11t3 to 

10,000 (e.g. the hcrcditary breast and o\wian cancer gcnc 

BK(:Al analysis). ITor inhcritd mutations and pol>mor- 

phisms, there arc always two, one or no copies of the 

mutation in cach diptoid cctl. (kuicer cctts, \\hich carrk 

accluircd mutations, howe\ cr. may be mixed \vith a large 

cxccss of normal cctts. ‘I’he te\,el of this type of miiution 

within rhe total ccl1 population can \2r!, thcrcforc. from 

100% to less than O.lT?. ‘I’hc utio of mlrt~~nt:norniat I)kA 

can also differ in conditions in\.ol\ing mirochoiidrial 

genomes. and here the Icvcl of mutation in the sample c;~n 

\.ary in the .5-05% range. ITrom these considerations arid 

those above, it follows that for m:kmum cfficau the 

choice of :I point mut:ltion anat>sis sysrcm shorild IX 

dependent on the specific clinical need. 

Methods that do not amplify the analyte 
Fl’ithin :I r)-pical sample for 3 I>NA-based diagnostic test 

the niimt)crs of rarget molec~~lcs may range from ten I0 1 Oi. 

‘liadirionally, a target amplification method ha5 ken 

emptoycd to increase the number of motcculcs I0 ;I 

detectable Icvcl. ‘I’here is. ho\vcvcr, much interest in clin- 

inaring the riced for an amplification step altogether 111 

using hypcrscnsiti~~c detection tcchnictucs. ‘Iliac td- 

nictucs. in principle, should be fkcr and simpler to perform 

becarise the dominanr target amtplification step is rcmo\ ed, 

as is the isslic of cross contaminarion of unamplified ana- 

tytes \\ith products of ampliticd analytcs. ‘I’hc singtc most 

practical chaltcngc for such tcchnictiu is that thcrc arc 

often limited numbers of molecutcs of gcnomic IIN-\ prc- 

sent in the sample; ;I situation u hich is csaccrt~atcd \vhcn it 

ma); be necessary to analye for multiple IINA variarions. 

One solution to this problem is to ~miplif~ the signal as 

opposed to the target IINA. 13ranchcd IIN. (one I~ranchcd 

IIKA or dendrimer can hybridise to the target which lhcn 

provides muttiplc hybridisation sites for the dctcction 

probe) [l--l] and dendrimcrs 1.51 ha\,c twzii atq~lieti SIIC- 

ccssfult) to problems of dctcction of infectious ajicnts 

kvhcrc as far 3s 50 ~iiolecules/~iil or 1Ok”’ \I arc detectat~lc. 

Alternati\.c methods that do not rely on either amplification 

of the anatyte or the signal may dso bc sllftiicientt! scnsiti\.c 

for LISC in the ctinicsl setting. Sur~~cc-cnh~~nccd rcsonancc 

Kaman scattering [6”] brings together tbvo prt3ioiisl~ cstalb 

tishcd technotogies, resonance K~unan scattering (KKS) and 

slirf~lce-enhanced Ramun scatterin,q. KKS occurs when light 

incident on a dvc is scattcrcd due I0 the excitation of clcc- 

trans. which results in cxcircd clcctrons going I0 1 ihrational 

energy Ic~ds different from thar prior to cxcitarion. ‘I’hc 
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spectral lines from RRS are enhanced by surFace-enhanced 
Raman scattering, thought to restllt from higher valence elec- 
trons of thc excited analyte associating with pools of 
electrons, known as 'plasmons' ,  in the pits (if a rnughencd 
metal surface. T h e  operating principle of surFacc-enhanced 
resonance Raman scattering for nucleic ackt detection relics 
on the addition (if a chromophore to thc nucleic acid probe, 
adsorbing the conjugatc to colloidal s ihcr  and irradiating this 
with laser light tuned to the resonant frequency of the chro- 
mophorc.  T h e  spectral inf</rmation gained allows the 
identification of diffcrcnt individual chromophores either 
separatelx/or in mixtures with detection down to single roof  
ccule levels. Fluorescencc correlation spcctroscop.v is also 
capable of de tec t ing  singlc lnolecules in sohition [7]. 
Fhiorescence correlation spectroscopy records spatio-tcmpo- 
ral corrclatinns among fluctuating light signals (thc motility 
of the fluorophores in sohition is related to the size and shape 
(if the molccnles), couplcd with devices for trapping single 
molecules in an electric field. It allows last screening of spec- 
tra in which targets arc h/belled by specific fluorescent 
ligands and can monitor concentrations down tn 10 15 M. 
T h e  final technique within the non-amplification category is 
single-molecule elcctrophnresis [8] for the detcction and 
identification (if single molecules in sohltion. Single-mole- 
cu l t  e lectrophoresis  involves the de te rmina t ion  of 
clcctrophoretic x clot(ties b}' measuring the time requircd for 
individual flnorescentl.v tagged molecules to travcl a fixed 
distance between two laser beams. With appropriate controls 
the tcchnique indicates changes in base composition. 

T h e  applicat ion of any of these tcchnologies that do not 
amplit* the target I ) N A  to human genet ic  analysis will 
require a sohitinn to the probleln of human gennmc com- 
plexity. Any such sohltion will nced to provide a means (if 
reducing backgrnund signals dcrived from non-spccific 
hx/bridisation e lsewhere  within the 3 x l 0 ' ) b p  haploid 
human genOlnC. 

Target ampli f icat ion techniques 
PCR remains the dominant  technique  amongst  those that 
amplify the target I )NA.  Others,  for example ,  strand dis- 
p l a c e m e n t  ampl i f i ca t ion  [9,101 and nucle ic  acid 
sequence-based  amplif icat ion [111, have not found wide-  
spread applicat ion outs ide of their  originating hlboratorv. 
P(]R itself  has been systemat ical ly  improved in many 
ways. One of tile first improvements  was the adaptat ion 
for use in an al lclc-spccif ic  manner  (one allele is amplif ied 
specifically and so cnds tip being in excess (if the other 
alleles, giving a good signal:noise ratio), this deve lopment ,  
tile amplif icat ion refractory mutat ion system (ARMS) 
[12], t ransfommd PCR to permit  gcnntyping  (if I )NA 
directly without  tire need to prnbe PCR products  after the 
reaction, l :ur ther  improvements  have been  in the instru- 
mentat ion,  which have allowed tile reaction vnhnne and 
(line to bc reduced significantly. P(]R has been  adapted  to 
run in a cont inuous flow system (in a chip [13 °°] descr ibcd 
as a nficromachincd chcmical  alnplif ier  that moves tile 
sample  through thermosta ted  t empera tu re  zones on a 

glass microchip. [Tsing this technique,  reaction t imes havc 
been reduced to as little as 90 seconds. An analogous sys- 
tem ope ra t ing  in real t ime  uses s i l i con-based ,  
high-cfl ' iciency reaction chambers  with integrated heaters 
114,15"']. Optical  windows in tile silicon and solid-state 
d iode-based  detect ion componen t s  of the ins t rument  per- 
form real- t imc f luorescence monitoring of the product  
I )NA.  Amplif icat ion is again very fast and tile system has 
been used in conjunct ion with "lhqMan probes [16] for 
f luorescent  s ingle-base polymorphism detec t ion  [15"']. 
( ' ,heng el a/. [17] descr ibe  tile usc of similar silicnn-glass 
microchips where P(]R was performed dircctl.v on isolated 
cells with detec t ion  by capillary electrophorcsis .  

Analyte  ampli f icat ion techniques coupled with 
advances in mutat ion discrimination 
Further  deve lopmen t  of existing methods  has given rise t(i 
practical and robust diagnostic tcchniques that are most 
comnlonly based Oil one of four principles. 

Primer extension 
ARMS [12], can be cons idered  a 'molecular  switch '  
whc rcb \  tile extens ion only occurs if the pr imer  is 
matched to tile t empla tc  1)NA at its 3 ' -end.  Because an 
ARMS pr imer  must  de tec t  a specific I ) N A  sequence  
before amplif icat ion can proceed,  as opposed  to de tec t ion  
after amplif icat ion,  t i le method  can de tec t  a mutat ion in 
complcx  genomic I )NA exen whcn it is vastly under  rep- 
resented.  Th is  makes  it one of thc methods  of choice in 
the analysis of cancer  markers,  for a recent  example  see 
Fox et a/. [18"1 ~ h e r e  the K-ras status of ovcr 300 col- 
orectal carcinoma samples  was analysed this way. Another  
important  a t t r ibutc  of ARMS is the abil i ty to nul l t ip lcx 
many reactions, as muh ip l e  loci can be analysed s imulta-  
neously in the samc reaction. Robertson e /a / .  [19] have 
shown, how with carcfld opt(re(sat(on, 12 of the most 
common mutat ions  of thc cystic fibrosis t r ans lnembrane  
conductance  regulator  ( C F T R )  g e n t  can be de t ec t ed  
s i n m l t a n e o u s l \  in jus t  one txxo-tube test .  lgurthcr 
advancement s  of ARMS technology arc discussed below. 

Oligonucleotide ligation 
T h e  ol igonucleot ide ligation assax/ (()I ,A) or ligasc chain 
rcaction [20] is based on tile abilit.v of two ol igonnclent ides 
to anneal adjacent  to each other on the target I )NA mole- 
cule. T h e  ol igonucleot ides are then joined by a I )NA 
ligase only if the nucleot idcs  at tile junction arc correctly 
base-paired.  Through cvcles of mel t ing off and more single 
molecules anneal ing and being joined, there is an accuhi- 
mulation of tile joined product.  \ \ :hen the two separate, 
but  adjacent,  probes are labelled changcs in f luorescence 
can be monitored as tile joined product  accumulates  and 
tile unjoined prnbes are dcple ted ,  t tomogenenus  assay 
applications of OI ,A  are discussed bel(m. 

Hybridisation 
l in t  blot analysis of PCR has bccn largch/ superseded by 
reverse dot bh)ts, so that many allelic variations can be 
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characterised sirnultaneonsl!- for LI single PCK product 

derived from an individual clinical sample. The original 

technique [Zl] used oligonucleotide probes bound to 

nylon membranes via homopolymer tails. Hybridisation of 

IY:R product was then detected by the binding of strepta- 

~idin-horseradish peroxidase to the biotinylated DNA 

followed by a colourimetric rcaction. ‘I’he principle of this 

assay is retained using oligonucleotide array technolog); on 

microchips [22-26,27’]. DNA array methods are consid- 

ered further in the specific context of heterogeneous 

ass3vs belo\~. 

Single nucleotide incorporation 
Llini sequencing [28] or single nucleotide primer cxten- 

sion in\wlvcs the single base extension of an immobilised 

prima where the incorporated base corresponds to the 

allelic variation of interest. Recently. the use of 311 four 

buses, each labelled with a different fluorophore, allows 

the scoring of allelic variation according to the fluorescent 

emission wvelength [D]. Fluorescent analysis coupled 

with multiplex P(:K and DNA chip technology [30] may 

be a potential candidate for high-throughput mutation 

detection and genotyping. 

Major advances in the formatting of PCR- 
based assays 
IY:R-based assays can be carried out in either an homoge- 

neous or LI heterogeneous manner. Homogeneous assay 

are those that require no further manipulation after setting 

up the reaction. Signal generation and detection arc carried 

out in the unopened reaction vessel once the reaction is 

complete or continuously during the course of the reaction 

(i.e. in ‘real time’). Heterogeneous assays require further 

manipulation once the amplification reaction is complete, 

this may be to aliquot the reaction for a number of analy- 

ses to be performed or to add some component of ;1 signal 

generation process. ‘I‘he number of analyses required from 

one sample dictates the choice between homogeneous and 

hcterogencous systems but there are two overriding advan- 

tages of homogeneous systems in that amplification 

product from one reaction cannot carry-o1.a into future 

reactions and they can be performed in real time. 

Homogeneous methods 
Homogeneous techniques can be divided between 

specific and non-specific ones. ‘I’he first homogeneous 

technique described monitors fluorescence accumulation 

that results from intercalation of ethidium bromide into 

the accumulating I’CR product during thermocy- 

cling [.31,32]. ‘I’his type of assay falls within the 

non-specific category bccausc it gives a signal irrespective 

of the I’CR product generated (i.e. it cannot distinguish 

betneen a specific or non-specific amplification product, 

such as primer-dimer). Sunrise probes [.X3] provide an 

impro\,ement to non-specific homogeneous assays by 

using the obser\ration that certain molecules will quench 

fluorescence when in close physical proximity to a fluo- 

rophore, a property known 3s fluorescence resonance 

energy transfer (FRE’I’). Sunrise probes are dual lal~lled 

with one fluorophore at the 5’-end and another internal. 

The 3’ region of the probe is target-specific and the 

5 region is self-complementary so that when unextended 

(i.e. not incorporated into amplicon) it forms ;1 hairpin 

structure that holds the quencher and reporter tluo- 

rophores together. When the probe is extended t,? 

incorporation into 3 double-stranded molecule the tluo- 

rophores are held apart by the newly copied 

complementary strand. ‘I’his leads to increased tluorcs- 

cence as amplicon accumulates by not quenching the 

fluorescence from the reporter. \\:ith a \wicty of tluo- 

rophores to choose from, se\,eral amplicons can be 

monitored simultaneously but t~se in the clinical setting is 

limited because incorporation into non-specific product or 

primer-dimer \vill still give an apparently positive result. 

Some of these issues can be overcome by the use of appro- 

priate primer design [34] or the use of automated hot-start 

PCR [35]. r2lternatively prima-dimer accumulation can be 

suppressed completely using the home-tag assisted non- 

dimer system (HANDS) [Ml. Each of these approaches 

improves but does not ensure specificity. 

‘I’ht: de\.elopmcnt of sequence-Specific homogeneous 

methods was a major advance. The first such technique is 

an approach that monitors increases in anisotropy or fluo- 

rescence jwlarisation as a mcasure of binding of an 

amplicon-specific probe to a I’CR product [I’ll. ‘I’his tcch- 

nology has been subsequently combined \vith ARhlS to 

give 3 homogeneous genomic DNA genotype analysis 

method [37]. ‘I’he development of other fluorescent tech- 

niques are all based on FRET. ‘I’hc different methods 

have different \vays of making FRE’I’ happen as ;I func- 

tion of a sequence-specific interaction. ‘Ibqhlan [ 161 uses 

E/q DNA polymerase, a 5’-3’ exonucleolytic enz)rme hvith 

no 5.5 cxonuclease activity. These properties allov. the 

detection of an amplicon as the IY:R proceeds in real-time 

by including an oligonucleotide (‘l>qhlan) probe dcsigncd 

to hybridise downstrum of one of the amplimers. 

‘IhqRlan probes arc blocked from extension at their .i’-tcr- 

minus and are labelled with a fluorescent reportu at the 

5’-terminus and another fluorophore that quenches the 

fluorescence of the reporter when both are in cIose prox- 

imity. I>egradation of the probes from their_ 5’-end 

libcratcs label and so ‘I‘aqhlan specificity results from 

probes tinn&ling to their amplicon follo\vcd by their 

cleavage that separates the tuw fluoicjllhorcs. 

Developments to ‘ILqhlan have been made in the minia- 

turisation of the technique whereby it is performed in 

nanoliter volumes in rnicrocapilli3ries in a potentiall> 

automatable manner [3X’]. It has also been reduced to ;I 

universal assay so that a single ‘Iklhlan probe can bc usecl 

for the detection of any PCR amplicon (a probe rccogni- 

tion sequence that is not target specific is incorporated 

into one of the I’CK primers for each amplicon and this 

probe recognition sequence is used in the initial cycles of 

amplification) or just one pair of probes for genotyping an) 

hi-allelic polymorphism are all that are rcquircd [.39]. I la-c 



Advances in approaches to DNA-based diagnostics Whltcombe, Newton and Little 605 

‘Fqiklan was combined not only with ARhlS but also with 

HANDS to give an integrated system for the direct real- 

time measurement of allele-specific amplicon generation 

coupled to the suppression of primer-dimer accumulation 

in P(:R. This method, called ‘l’hree-S’I’AK’. does not. 

however, retain the specificity of TaqJlan because probe 

hybridisation is no longer to target-derived DNA. 

Nevertheless, primer-dimer accumulation, one major 

source of non-specificity is suppressed simultaneously b) 

the application of HANLX. Three-S’I’AR was first demon- 

strated by using the same pair of ‘Iklhlan probes in the 

analysis of three different polymorphic sites in three dif- 

ferent genes [39]. Ilye-labelled oligonucleotide ligation 

[WI. is a fluorescent adaptation of OI,A or ligase chain 

reaction [20] that combines f’(:R and OI,,L\ in a two-stage 

thermal cyzlin g sequence with the specific ligation of 

dye-labellcd oligonucleotide probes monitored in real 

time by measuring FRET. ‘I’he final FRlX’Fbased system, 

molecular beacons, operates by using hairpin-shaped 

oligonucleotide probes. each with an internally quenched 

tluorophore. ‘I’hese probes undergo a conforrnational 

change \\,hich restores fluorescence 1~ hen they are 

hybridised to their specific target [41]. A variety of differ- 

ently coloured fluorophores are available allowing several 

molecular beacons to be used to distinguish multiple tar- 

gets in the same solution [12” ,431. thereby providing a 

means for their use in potentially high-throtlghput auto- 

mated ‘spectml genotyping’ [13]. 

An alternative to fluorescence-based techniclucs is 

chernilrltnin~~.c.cnce. Nelson UC//. [+I] ha1.e demonstrated 

an in-solution technique based on the hybridisation pro- 

tcction assay that uses oligonucleotide probes labclled 

with a highlv cheiiiiluiiiincscent acridinium ester. 

Ijydrolysis of ;he acridinium ester destroys chemilumi- 

ncscencc, so that when an acridiniiim ester-labelled 

probe hybridisec to a complemcntar)- target it is protect- 

cd from hvdrolysis. ‘I’his technique is not trul) 

homogcneou~r as it recluircs the post-addition of the 

probes. ITsing this principle. all 1 Z single mismatches 

analyscd were clearly discriminated from their corre- 

sponding matched scc~ueiiccs. ‘1%~ ad\2ntagcs of these 

fluorigenic and chemiluiiiinescent sequence-specific 

homogencoris methods in a diagnostic context include 

cast of iisc, speed to result. no potential for cross-o\‘er 

contamination, lo\\. hands-on time, ;I nllmerical output. 

the potential for automation and low cost. 

Hybridisation-based heterogeneous methods 
\Vhcn small numbers of mutations or polymorphisms are 

to be analysed for each sample there are clear advantages 

in employing sequence-specific homogeneous methods. 

As the number of \ariablc bases for analysis increases. 

the attracti\,encss of homogeneous relati1.c to more tra- 

ditional techniques. such as sequencing or I1N.A 

hybridisation, shifts. One reason for this is the possibili- 

ty of using physical separation to access many points of 

information in a small area. 

‘l’here has been much interest in the development of 

high-density oligonucleotide arrays, so called DNA chips, 

which have particular applications in analysing for many 

potential mutations [Z-26.15]. ‘[‘his technology ma); pro- 

vide the ability to scan any given gene rapidly to 

determine the zygosity (i.c. discrimination between 

homozygotes, heterozygotes and compound heterozy- 

gates) for all possible allelic variations in patient samples. 

I,ight-directed chemical synthesis has been used in the 

construction of DNA chips. ‘l’his. in conjunction with 

dedicated instrumentation and software provides for 

miniaturisation, fluorescence detection. data acquisition 

and the analysis of hybridisation patterns on the chip 

showing lvhich polymorphisms arc present [22]. ‘1.0 

demonstrate this, hetero+yq)us mutations in a 3.45 kilo- 

base exon of RRCAl were analysed using DNA chips and 

two-cotour fluorescence analysis of reference and test 

samples [25,26]. In this example. high-density arrays con- 

sisting of o\xr 96.600 oligonuclcotides 20 nucleotidcs 

long u’erc used to screen for a wide range of htxerozygorls 

mutations in the 13RCAl gene. Alternative DNA chip 

technology uses polyacr\;lamide gel pads that contain 

allclc-specific immobiliscd oligonucleotides, fixed on 

glass slides of the microchip. ‘These have been used for 

hybridisation of tluorescently labelled RNA transcripts of 

IY:R-amplified genomic I)KA. ‘l’he simultaneous mea- 

surement in real time of the hybridisation and melting on 

the entire oligonuclcotide array is carried out by fluores- 

cence microscopy [AS]. l;or further rc\,iew of DN,4 chip 

tecllllolog\ rce [-+C,]. 

I!SC of an oligo array requires four distinct steps: 

IY:R amplification of the regions to be analysed; fraction- 

ation: hybridisation in a reverse dot blot format [Zl] to the 

array: and analysis of the hybridisation pattern. For diag- 

nostic utility, the time and effort invol\.ed in all the stages 

is :in important consideration and this has been explored 

by IYang it N/. (17”] in a large-scale study of single- 

nucleotidc pal) morphisms. In this survey. 2.3 megabascs 

of human gcnomic I>NA was cxamined by a combination 

of gel-bawd sequencing and high-density I)IKA array 

chips. A total of 3,211 candidate pal!-morpliisins where 

identified and a genetic map 17 as constructed sho\ving 

the location of 2,227 of thcsc. (;enot);ping chips were 

then developed that allou~ed the simultaneous analysis of 

500 polymorphic sites. (:learly. the analysis of 500 loci 

\vould not bc cost effecti\.e if each required m individual 

IY:R reaction as the first step. ‘l’hc lx)- parameter for 

cffectix chip application is. therefore, the degree of mul- 

tiplcxing possible that is consistent with accurate 

mutation detection. ‘I’his \vas also investigated in an 

attempt to reduce the amount of sample preparation 

required and it \vas found to be that of 558 polymorphic 

sites 92% could be detected in 24 sets of 23 loci. 8.5% in 

six sets of 92 loci and just 5095 in one set of S.SX loci could 

be detected with lx)-ing cfficiencics at other intervals 

between the extremes [17”]. \I:hile this efficienq 

may be acceptable in the research context, further 
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iml7ro\,ements LIE needed for routine application in the 

medical diagnostics arena. 

All a1ternatk.e approach to the reI.ersc dot-blot 

method [21-26,27’.47”] is the forward dot-blot on 

replicate filters, the so called sequencing by h>-bridisa- 

tion format I [-K-i”]. Here. multiple aliquots from 

incli\.idual IYX reactions are dispensed robotically onto 

membranes in 3 38-I microwell type array. Individual 

aliquots 3rc then probed using 3 single labelled probe for 

each. Sequencing by hyhridisation was demonstrated b) 

the analysis of pi.3 gene mutations where seqriential 

h)hridisation of X.1 92 probes to 50 s2mplcs w;15 per- 

formed. ‘l’his required more than -W.OOO reactions, so 

clearly the utility of this approach will depend on the 

ICIYZI of automation that can be achieved. 

A C~I~III~II feature of all multiple hyhridisation approaches 

is that the comproniises necessary to allow simultaneous 

detection of many sequence variants limits the signal:noise 

ratio of the ;ISS:IV. \\:hcreas the use of redundancy means that 

thcsc methods arc probably suff’icient to discriminate het- 

crozygotcs, there is :I serious limitation of this approach for 

some aspects of li~inx~ii genetic analysis. Hecaiise of small 

sijinal:noise ratios, the detection of under-represented mlita- 

tions is not possible. For example, in the analysis of acquired 

mutations in certain cancers ;I specific mutation may only be 

present in 5% of the cells from which template I>NA for ;I 

lY:K is prepared. (ku-l~- a signal:noisc ratio in the region of 

50: 1 or better would bc necessary for that mutation not to bc 

‘missed’. ‘l’hc most appropriate method for this type of 

analysis is AKRIS 1121, as demonstrated by Fox ?T o/. [ 18’], 
Ixcause this tcchniquc requires cletcction of a mutation 

prior to amplificution to 3110~ umplifkition to proceed and 

so increasing the ratio of mutant to norm;il DNA for detrc- 

tion. ‘I‘his is contrary to other methods \lhere amplification 

of all ~~llclcs retains the original ratio of mutant to normal 

I)NA at the &t&on stage. AKRIS has been coupled with 

other advances in heterogeneous detection. 

Other heterogeneous methods 
(;ihson fV N/. [49] describe 3 rapid colourimctric method 

for the dctcction of l’(:K products. ‘I’his method pro- 

\.ides 3 sensitive assay for the P?rophosph;lte ions 

rclwscd through dN’l’1’ incorporation as ;1 I’(:K pro- 

cceds, with colour generation monitored by 3 simple 

spccrrophotomccer. ‘I‘he authors describe the use of this 

assay in conjunction with PARIS analysis to dctcrmine 

accurately 3 \xriety of cystic fibrosis and factor \,7 allelic 

\ ariants [49]. 

A selecti\.c colourimetric detection method based on mer- 

capto”lk~lolifionLicleotide-tnodified gold nrlnoprticle 

probes has been described hy Klghanian pf N/. [SO]. 

.2lthough thih was demonstrated usin g ;I single-stranded 

target 30 lxtsc oligonucleotide model, the unoptimised sys- 

tcm coiild detect about 10 fcmtomolcs. H~bridisation in a 

solution containing the appropriate prohcs products ;I 

polymeric net\vork of nanoparticles 2nd ;I \,isibl) 

detectable colour change on drying that allo\\x the differ- 

cntiation of imperfect targets. Diagnostic application of 

this technique will require the demonstration that larger 

PCK amplicons arc detectable. 

Rlass spectromctry is attracting much interest although its 

application is currently limited to the analysis of small 

DNA ~nolccules. ‘l’he application of this technology to 

I)NA diagnostics has heen co\xxti extensi\.cly in 3 prc\i- 

011s rc\.iew in this series [-k]. 

I’eptidc nucleic acid (1’5.4) is ;i I>NA mimic and thiol- 

deri\xtised I’NA probes incorporated into a 1)N.A 

hyhridisution bioscnsor ha1.e hecn LISC~ for scnsiti\ c 

dcterinination of single-base mismatches [Sl]. vl’hc spcci- 

ficity of I’NA probes on quartz crystal microbalancc 

transducers is attributed to the formation of ;i I’NA mono- 

layer and the IISC of a hydrophilic cthylenc glycol link]-. A 

rnodcl that used oliffonLlcleotides corrrspondiny: to ;I pol\y 

morphism of the p.5.3 gent systcni has demonstrritcd the 

principle of the tcchniqIle; howtxer, although this tylxz of 

del.icc offers rapid and xcuratc results it has yet to Ix 

applied to clinical material. 

Conclusion 
‘[‘he clinical requirements :md context in which cliapos- 

tics arc to bc applied \vill Ix decisi\z in the selection of 

which of the rcccnt advances u.ill xtually translate into 

DNA diagnostics. \Vhile there is a rescarch capability to 

test for thousands of polymorphic uriations, it is dubious 

vbcther this capability n-ill ever be exploited in the clinic 

where it may bc more appropriate to be able to cuminc 

larger nLinibers of samples for fewer \3riations. 

For the future. coniplexity rrduction of the gcnomc to ;~llo\$. 

direct, unaniplificd. detection GII kcome 3 kc? xc;i of 

interest. It is ;lIso probable that major ad\xnces \\ill come 

from intcgixtion of all aspects of I)NA xdysis froim sample 

preparation through to the result. ‘I’his cor~ld tither Ix as trc 

ditional diagnostic uwk stations or possibly 3s point of care 

Deb ices. Although the instrllm~ntlltion and platforms on 

nhich the technology will reside art’ critical. these aspects 

arc. ho\\ clw. outside the scopr of this rcvie\v. 
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