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Table 2 Comparison of direct sequencing of PCR derived products from the UBE3A and

aldolase B genes
ABI PRISM™ 310
Feature ABI PRISM™ 377 Genetic Analyzer
Average length of sequence read 600 bases 350 bases
Number of samples processed in 8 hours Up to 64 Upto 15
Running time per sample ~7 hours (irrespective of ~30 minutes (for
template length) template of 250 bp)

Sensitivity*

Injection volume ~2ul ~0.1pul

fmol of dye terminator/peak 2x fmol 0.016x fmol

*Assume that at the completion of the reaction there are x pmol of sequencing product. For the
ABI PRISM™ 377 analysis, the product was dissolved in 4 pl of buffer and for the ABI PRISM™
310 it was dissolved in 24 pl of buffer. A 2 pl aliquot was used to load the ABI PRISM™ 377
(0.5x pmol) and an estimated 0.1 pl aliquot was used for the ABI PRISM™ 310 (0.004x pmol).
For a reading of 250 bases in the aldolase B gene sequence, each peak, on average, would repre-
sent 0.5x%/250 pmol (ABI PRISM™ 377) or 0.004x/250 pmol (ABI PRISM™ 310) of dye termi-
nator. Thus, the ABI PRISM™ 310 is ~10? times more sensitive than the ABI PRISM™ 377, The
above calculation uses a conservative loading volume of 0.1 pl for the capillary® and is based on
sequencing runs (ABI PRISM™ 377 and 310) that demonstrated comparable signal intensities.

COSTS

Over a period of approximately six months it
was estimated that each sample electro-
phoresed with the ABI PRISM™ 310 Genetic
Analyzer cost, in terms of consumables, an
additional AUD$10 to process. Although there
are other automated means to undertake DNA
analysis including sequencing (for example, the
ABI PRISM™ 377), the ABI PRISM™ 310
was competitively priced with a platform cost
of around AUD$80 000 compared with about
AUD$200 000 for the 377 model. There are
cheaper instruments that allow capillary elec-
trophoresis to be undertaken, but these do not
have the multicolour capability.

Discussion
The numbers of forensic, industrial, and clini-
cal applications that utilise capillary electro-
phoresis are growing. Analytes that can be
separated by this technique are also extensive
and include amino acids, proteins, drugs,
chemicals, oligonucleotides, and DNA.? In the
area of DNA genetic diagnosis, capillary
electrophoresis has been successful in detecting
the G1691A mutation in the factor V gene,’® in
mutation analysis for familial defective apolipo-
protein B-100,” and in screening of the p53
gene.®

The present study describes the experience
of a molecular genetics laboratory that provides
a DNA diagnostic service for a range of genetic
disorders. In this laboratory, the availability of
capillary electrophoresis and, thus, the option
to automate, has increased productivity by
allowing staff additional time to use their skills
in more relevant activities. Thus, it will become
possible to increase the range of tests available,
a move that would not have been considered
when the manual methods were in use. Assays
are now electrophoresed overnight and the
results are scanned on the following day (each
sample takes ~ 30 minutes to run). While a run
is in progress, the ABI PRISM™ 310 can be
programmed to retest unsatisfactory samples
or change the order of samples to be assayed.

The ability to use primers labelled with
different coloured fluorochromes has ex-
panded the potential for multiplexing, which is
essential when dealing with genetic disorders
produced by multiple mutations. Although
there are other machines available for auto-
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mated DNA analysis, the comparable model to
the ABI PRISM™ 310 (that is, one that offers
multicolour fluorescence and both fragment
analysis and sequencing capabilities) is the ABI
PRISM™ 377, However, the latter is consider-
ably more expensive to purchase. The impres-
sive reproducibility demonstrated by the ABI
PRISM™ 310 Genetic Analyzer has improved
the quality of the results coming from this
laboratory because it takes away observer error
in gel reading and the intrinsic deficiencies
associated with slab gel electrophoresis. In
association with this, the availability of hard
data for comparative purposes, rather than
estimations of DNA fragment sizes from slab
gels, will facilitate quality assurance.

One false negative result in the present study
was obtained when testing for the Huntington
disease mutation. However, it is more likely
that this represented a PCR error, rather than a
capillary electrophoresis problem, since the
latter technique is more sensitive than slab gel
electrophoresis and two different PCRs were
involved. In cases in which a homozygous
result is obtained, reports are not issued until a
second PCR using a different set of primers is
undertaken. The additional work required to
do this has been eased by developing a capillary
electrophoresis based assay.

A problem with capillary electrophoresis is
fragment sizing, which can differ from that
obtained with conventional slab gel electro-
phoresis. In some circumstances, such as
forensic testing, these may not be significant
because comparisons are being made. How-
ever, the detection of genetic disorders requires
both comparisons and, in the case of triplet
repeat quantitation, the calculation of an abso-
lute number. For Huntington disease, the
(CAQ), result will place an individual into one
of three groups: normal, n < 31; intermediate,
n = 31-37; and affected, n > 37. Interpreting
results in this disorder becomes difficult when
triplet repeats fall at the normal/intermediate
or intermediate/mutant cut off values. This
could be resolved by: testing two populations
and determining the normal and affected
triplet repeat ranges based on capillary electro-
phoresis, or providing DNA reports that place
patients into the three groups by running the
appropriate known controls with each assay.
Either would be reasonable. The first option
has the potential to cause confusion, since units
would not be directly comparable unless it was
clear which method (capillary electrophoresis
or slab gel) was followed. The second approach
may also require identification of individuals
who have an upper intermediate value for the
(CAQG), and, therefore, are at risk of transmit-
ting a premutation or even Huntington disease
to their offspring.’

The discrepancies in band sizing between
slab gel electrophoresis and capillary electro-
phoresis can be explained partly by the
different sieving effect of cross linked polyacry-
lamide compared to the linear polymer used in
capillary electrophoresis.'® An electro-osmotic
effect, which would alter the migration of DNA
fragments, could be another factor. It is
difficult to assess the latter variable, because
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the specific composition of the polymers is not
obtainable from the manufacturers. However,
the use of coated capillaries would exclude an
electro-osmotic effect.” We have discussed the
sizing problem with the manufacturers on a
number of occasions but, to date, no definitive
explanations have been forthcoming.

As polymer technology is evolving rapidly,
the range and types of separation matrices are
considerable.”> The changing of commercial
polymers by the manufacturer (as happened to
us) or the use of alternative polymers including
“home made” ones will mean that mobility
and, therefore, band sizes could change. The
concentration of the amplicon used for capil-
lary electrophoresis analysis can also be crucial
because overloading has the potential to
complicate data interpretation. If necessary,
this can be avoided by checking the PCR prod-
ucts on minigels before capillary electrophore-
sis.

The routine diagnostic laboratory may be
faced with mutation detection for a genetic
disorder in which it would be easier to
sequence a segment of DNA than test for indi-
vidual mutations. This approach is illustrated
by the hereditary fructose intolerance example
in which two common mutations (A149P and
A174D) are present in a small exon. As shown
in this particular case, DNA sequencing
allowed both to be detected or screened for in
the one capillary electrophoresis run. On the
other hand, capillary electrophoresis in its
present form (a single capillary with samples
loaded sequentially) is less suitable for se-
quencing large DNA fragments or for laborato-
ries in which DNA sequencing is a major work
component. This may change as the polymers
for capillary electrophoresis are developed
further—for example, a claim for the latest ABI
polymer (Performance Optimized Polymer 6)
is that it can resolve 600 bases in a shorter run
time than would be possible with the 377
model.
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The additional running costs associated with
capillary electrophoresis need to be balanced
by its usefulness. For a laboratory with a high
throughput of DNA samples, the costs are rea-
sonable because they are offset by the produc-
tivity gained. Each laboratory will need to
assess its needs and resources in this respect. In
view of the potential for this technology, labo-
ratories that are involved in the provision of a
DNA diagnostic service should consider utilis-
ing techniques that are more compatible with
capillary electrophoresis. Thus, the value of
hybridisation based strategies should be re-
viewed and more effort placed in those that rely
on fragment size analysis.
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