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INTRODUCTION

DNAprofiling in forensic science in the UK is focussed on the analysis of short
tandem repeat (STR) loci using PCR.It is the technique of choice for the national
strategy to create criminalintelligence databases. Apart from the increased
sensitivity inherent with any PCR technique, with STRs there is also the advantage
of definitive allelic identification. This is a consequence of lower measurement
errors associated with the use of polyacrylamide gel electrophoresis to detect DNA
fragments ranging between 200-400bpin size (Ziegle et al. 1992).Becauseof their
small sizes STRs are morelikely to be successful on old or badly degraded
material (Gill et al. 1994; Hagelberg et al. 1991; Jeffreys et al. 1992; Weigandetal.
1993) an important aspect of forensic casework.

The National DNA database Unit

Recently, a change in the UK legislation allowed the formation of a national DNA
database. The purposeis to store DNAprofiles derived from individuals either
suspected or convicted of crimes. DNA is sampled from either buccal scrapes or
from hair-roots. The aim is to store 135,000 DNAprofiles per year andit is
envisaged that the database may eventually contain 5 million profiles. This is a
significant proportion of the UK population of 60 million people. As the custodian
of the DNA database, the Forensic Science Service (FSS) has constructed a unit
at the FSS headquarters, Birmingham, UK, consisting of c.125 scientists, eight
373A ABD automated sequencers and six 377 ABD automated sequencers.

METHOD

To decide the method of choice, the following requirements must be fulfilled:

e It must be reliable (the quality of results must be high).

e Throughput must be high.

_ @ The process must becost-effective.
Automation is the key to achieving all three requirements.

Choice of loci

Several factors are considered when choosing candidate loci:

e Discriminating power (Jones 1972) of >0.9 ( Observed heterozygosity
>70%).

e The predicted length of alleles must be approximately between 90-500bp
(the higher the molecular weight the lower the precision of measurement).
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Also the lower the size of the STR locus, the less chanceof locus orallelic

drop-out because of degradation of the sample.

e Chromosomal location (to ensure that closely linked loci are not chosen).

e Robustness and reproducibility of results, low stuttering characteristics.

Dimeric loci cannot be used because slippage during amplification results in
spurious bandsthatare difficult to interpret whereas trimeric and tetrameric loci
are less proneto this problem. Complex hypervariable loci such as HUMACTBP2
have more than 30 alleles. Although originally described (Polymeropoulosetal.
1992; Warne et al. 1991) as a tetrameric repeat, sequencing by Urquhart etal.
(1993) and Weigandetal. (1993) has revealed that repeats differ by 1,2, or 3 bps;
in addition, different alleles the same size, may havedifferent sequences. To
designate alleles to these types of STRsis difficult, although there is no reason
whyinterpretation cannot be carried out based using size estimates (bp), but the
system is not discrete

To achieve higher discriminating powers required for large criminal intelligence
DNA databases, we have chosento utilise the advantages of complex tetrameric
repeat loci described by Urquhart et al. (1993). Because these havealleles that
differ in size by 2bp, the DPs are greater comparedto those previously utilised by
Kimpton et al. (1994) (Table 1). The loci used in the National DNA database are
listed; there are 3 complex STRsincluded - D18S51 (15 commonalleles);
D21S11 (21 commonalleles); HUMFIBRA/FGA (21 commonalleles).

Table 1. List of loci used in the National DNA database; chromosomallocations

and Pmsfor 3 different ethnic groups.
 

 

 

 

Locus Chromosomal Probability of Match (Pm)

location Caucasian Afro-Caribbeans _|Indo-Pakistani

AMELOGENIN Xp22, Yp11.2 X,Y X,Y XY

HUMVWFA31/A 12p12-pter 0.064 0.057 0.075

HUMTHO1 11p15-15.5 0.086 0.100 0.084

HUMFIBRA* 4q28 0.044 0.027 0.031

D21S11* 21 0.051 0.042 0.046

D18S51* 18q21.3 0.029 0.024 0.042

D6S502 6 0.047 0.061 0.054

Total Pm 1.7 x 10° 1x 10° 1.2 x 10°     
* Displayalleles differing by 2bps

MULTIPLEXING

The availability of 4 distinguishable fluorescent dyes facilitates the developmentof
STR multiplexes (i.e. single tube reactions) enables loci that have overlapping
allele size ranges to be labelled with different colours.

To build a multiplex system, primers must be chosen so that annealing
temperatures are similar and havelow affinity either to each other or to regionsof
the DNAoutside the specific target template; this is achieved with the help of

computer programs such as Oligo!M. Once a system has been designed, primer
concentrations must be optimised so that even signals are obtained after PCR .
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Accordingly, we have developed a quadruplex consisting of the loci HUMTH01,
HUMVWFA31, HUMFES/FPS and HUMF13A1 for use in routine casework
throughout the UK (Kimpton et al. 1994; Lygo et al. 1994). All four loci have
discrete classes (Kimpton et al. 1993). An allelic class may comprise 2 or more
alleles, for example we do notdistinguish between the HUMTHO01 9.3 allele and
the rarer 10 allele which differs in size by 1bp. The combined frequency of the two
alleles is therefore used for interpretation purposes.

The main purpose of using multiplexes, is to speed the process of analysis.
Inevitably, there may be somelossof efficiency of amplification since the
conditions used are a compromise. This has nosignificant implications for the
database, since the operator has large quantities of undegraded DNAavailable
for analysis. Furthermore, the DNA is never a mixture. In casework, where the

sample is less predictable, singleplexes may sometimes be usedto identify
difficult (e.g. degraded) samples(i.e. singleplexing and multiplexing are not
mutually exclusive techniques).

DETERMINING THE SIZE OF STR ALLELES

To determine the sizes of DNA fragments, standard marker ladders consisting of
all the commonalleles of a given locus can be used for comparison on an
electrophoretic gel (Puers et al. 1993; Puers et al. 1994). They are made by
mixing together DNA from different individuals displaying the entire range of
alleles for comparison and carrying out PCR on the mixture. Ladder markers are
widely utilised and available throughout the forensic community.

Fig. 1. Multiplexed allelic ladders for 3 STRloci.
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However, the major advantage of fluorescenceis that internal size markers can be
incorporated and this improves sizing accuracy both within and between gels
(Mayrand et al. 1992; Ziegle et al. 1992; Kimpton et al. 1993). Whereas the use of
allelic ladders is indispensable with non-automated systems, fluorescently tagging
STR loci enables inclusion of size standards as an internal size marker within
each lane. This reduces measurement errors and allows automatic sizing of

STR-PCRproducts with GENESCAN™™” 672 analysis software. For the majority of
loci, reliable sizing can be achieved by direct comparison with a lambda Pst /
restriction digests (ABD GS2500 or GS350). For calibration purposesallelic
ladders are used in our laboratory(if new software is installed, for example).
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The consistency of automatic size calling against the GS2500 or GS350 ladder
markers was evaluated for each locus studied by examination of the distribution of
computer-generated band sizesof allelic ladders for a large number of samples
(72 allelic ladders run across 6 different gels). These experiments are usedto set
windows based on the range of observed sizes of any given allele. Accuracy has
been demonstrated to be within a range of approximately 1.2 bp (Table 2 of
Kimpton et al. 1993 ; Fig. 2). Ranges based on observations are programmedinto
the ABD GENOTYPER™software, enabling automatic allele designations to be
made.
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Fig. 3: Distribution of HUMTHO1 alleles sized against the GS2500 standard (the
allele at the far right comprises 9.3 and 10 alleles, hence the rangeis relatively
large).

A NEW METHOD OF RULE-BASED INTERPRETATION USING ALLELIC LADDER
CONTROLS

HUMFIBRA/FGA(Mills et al. 1992) is a complex repeat locus with 21 common
alleles differing by increments of just 2bp. If complex loci were perfect.2bp
repeats, then the window established to encompass measurementerrorfor any
given allele would be just +1bp of its mean. However, intermediate alleles differing
by ibp may also occur. For example, we have recently discovered a 22.3 allele in
HUMFIBRA/FGA.This meansthat to identify these very rare (p<0.001) alleles,
windows must be no greater than +0.5bp. Thedifficulty is that measurement errors
may exceed this value, hence a different approach is needed to use complex
STRsas discrete systems.

An alternative approach to that described above is to calculate the relative
difference in size between a questioned sample and an allelic ladder marker
control on the samegel. All sizes, in base pairs, are calculated by reference to the
internal GS350 standard. If the distance is within a predetermined range, then the
allele can be designated. This is a fundamentally different approach to that
previously described. Whereas the former method calculates ‘absolute’ windows
based upon repeated running of allelic standard markers, the new method
calculates windowsrelative to ladder markers on the same gel - windows are
therefore set for each individual gel.
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Examination of the population distribution of HUMFIBRA/FGA (Fig. 3) reveals that
the most commonalleles such as 19,20,21 are complete tetramers, whereas

intermediates (19.2,20.2,21.2) are much rarer (p<0.02). Ifa.0 represents a

complete no. of repeats, we can generalise that «.0 repeats are common; a@.1

and «.3 alleles are always very rare (p<0.001) and a.2 repeats are intermediate.

In some systems we have examined e.g. (D21S11), some a.2 variants are

relatively common,yet the extreme rarity of o.1 and a.3 alleles holds true for

complex loci listed in Table 1.

 

FGA Allele Frequencies

0.20 7

0.18 +

0.16 +

0.14 +

F012 7 an oo: : ® Asian
g 0.10 +

£ 0.08 +
0.06 +

0.04 +
002+

0.00 +2!

 

@ Caucasian

a
n
n
e
a
l

Afro-Caribbean

   

 
N N N N
_ N N) +
nN N N N

Allele

N
"
“1

8
2
=
=

26
.2

2
7
2

2
8
2

3
2
0

15
.0

1
9
2

20
.2   

 

Fig. 3: HUMFIBRA/FGApopulation survey of 3 different ethnic groups

For HUMFIBRA/FGA,the following conditional logic applies:

e If ana.1 or a.3 allele is observed thenthis is an extremely rare occurrence.

e Given that the size distribution of individual STR alleles may be in the region of

+0.6bp, an explanation may be that an «.0 or @.2 variant is in a tail of its

measurementerrordistribution such that it now resides in an adjacent window,

normally occupied by an a@.1 or @.3 variant.

e To test this possibility, re-run the sample to determineif the result is
reproducible.

e If the allele is a true a.1 or a.3 variant then the locus would normally be

heterozygous (unless, the population from which the sample is derived is atypical,

or inbred). It follows that the partner allele must also normally be a common a.0 or

a.2 variant.

e If a heterozygous sample is observed where both alleles are apparently a.1 or

«.3 variants then that result suggests the strong possibility that 2 common variants

are shifted into the tails of their error distributions. In fact band shifts are strongly
correlated (Gill, unpublished observations).
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Fig. 4: Exaggerated diagrammatic representation of band shift showing
correlation. The questioned sample is compared to ladder markers on the gel.

Measuring the correlation effect is a useful diagnostic tool. To do this the
following procedureis used (fig 4):

e If both alleles are <0.5bp from the closest a.0 or a.2 ladder marker then

continue to the nexttest.

e Measurethe correlation effect (c= 61-52). If c<0.5 then the alleles may be

designated.

e Extremely rare a.1 or o.3 variants can only be designatedif the sample has

been separately analysed and the sameresults obtained.

Theutility of this procedure is bestillustrated by reference to an actual example

Identification of a rare HUMEIBRA/EGA 22.3 allele
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Fig 5: Interpretation of an extremely rare variant allele in HUMFIBRA/FGA-
showing designations made by GENOTYPER.The top laneis the questioned
sample; the bottom laneis the allelic ladder.
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Table 2: Compilation of allele sizes illustrated in Fig 5.

erence

tion tioned allelic ladder

 

* If the questioned allele (designated 22.3) is truly a commonallele it must be
either 22.2 or 23. Thetestfails this condition since 8 >0.5 (ignore sign).
' The 22.3 allele is not in the allelic ladder, but its size can be estimated as the
meanof alleles 22.2 and 23. The difference passes the condition d <0.5 (ignore
sign), if the allele is 22.3.

rrelation measurement

e If the questionedallele is 22.3 then the observed correlation with allele 24

(c=51-52) is +0.06bp, passing the condition since c<0.5

e If the questioned allele is 22, then the observed correlation with allele 24 is
+1.1bp, failing the condition since c>0.5.

e If the questioned allele is 22.2, then the observed correlation with allele 24is -
0.86bp,failing the condition since c>0.5 (ignore sign) .

e Becausethe putative allele is an a.3 variant, the sample was separately

reanalysed, confirming the aboveinterpretation.

Modification of the above procedure may be neededfordifferent loci but the same
principles can be applied, given knowledge of rare and commonvariants; for
example in HUMTHO1, both 9.3 and 10 alleles are common, whereas 9.2 and
10.1 alleles are not observed (or extremely rare). Otherwise all remaining

commonalleles are a.0 variants.

niversal lication of the relative m remen h

These principles, incorporating use of the 0.5bp rule, can be universally applied
to interpretation of STRs, regardless of the platform or method used, provided that
allele sizes are always cross-referencedto allelic ladders. The numberof
inconclusive results (apparent extremely rare alleles observed) is dependent upon
the resolving powerof the system used,butit is not a pre-requisite that the true
measurementerror <0.5bp.

In our hands the ‘absolute’ method of window estimation suffers from the
drawback that windows must be reset when new acrylamide batches are
prepared - other factors may necessitate the use of different windowsin different
laboratories. On the other hand, the relative measurement approach has a
universal applicability because the windowsare constant for each locus and
independent of the method used. The principle of rule-based interpretation
packages built upon experimental observations can be extended to enable
construction of algorithms or computer based expert systems. This will automate
the interpretation procedure, guiding the scientist to interpret results in the
presence of artefacts, such as stutters, and to distinguish components of mixtures.
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