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(57) ABSTRACT 

A method of investigating a DNA sample is provided involv 
ing taking at least two Sub-Samples from the sample, ampli 
fying the Sub-samples, analyzing the Sub-samples to obtain 
identity information and amount of that identity about one or 
more alleles indicated as present in the Sub-samples in respect 
of 5 or more loci and establishing identity information 
deemed representative of the sample from the Sub-samples, 
wherein identity information from a sub-sample about a par 
ticular identity is included in the identity information deemed 
representative of the sample when that particular identity is 
indicated as present by one or more of the Sub-Samples ana 
lyzed, the amount of that particular identity in the identity 
information deemed representative of the sample being a 
weighted combination based on the amount of that particular 
identity in the sub-samples. In this way useful profiles can be 
obtained more often than they are at present, with reduced 
costs and with reduced expertise and time requirements. 

12 Claims, 1 Drawing Sheet 
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INVESTIGATION OF DNA SAMPLES 

This invention concerns improvements in and relating to 
the investigation of DNA samples. 

The investigation of samples to establish the profile of the 
DNA they contain is useful in a number of forensic science 
and other applications. The profile is generally formed of a 
series of identities of alleles present in the DNA. The results 
may be incomplete oroflow reliability in situations where the 
amount of DNA in the sample is small or in other situations. 
Existing techniques are usually based on the investigation of 
a number of replicates, Sub-samples, taken from the sample, 
with a requirement that an identity be present in each before 
it is accepted as part of the profile for the DNA. This and other 
prior art approaches restrict the occasions on which the pro 
file can be used. 
The present invention has amongst its aims to provide an 

approach to investigation which enables useful profiles to be 
obtained more often than they are at present. The present 
invention has amongst its aims to ensure that the profiles 
obtained are more reliable. The present invention has 
amongst its aims to reduce the cost and/or training level 
and/or expertise and/or time involved in investigating a DNA 
sample. The present invention is principally related, but not 
restricted, to achieving these three aims 

According to a first aspect of the invention we provide a 
method of investigating a DNA sample, the method compris 
ing: 

taking at least two Sub-samples from the sample; 
analysing the Sub-Samples to obtain identity information 

about one or more alleles indicated as present in the 
sub-samples; and 

establishing identity information deemed representative of 
the sample from the Sub-samples: 

wherein identity information from a Sub sample about a par 
ticular identity is included in the identity information deemed 
representative of the sample when that particular identity is 
indicated as present by one or more of the Sub-Samples analy 
sed. 
The identity information deemed representative of the 

sample may be identity information not observed in and/or 
not corresponding to identity information for any of the Sub 
samples. 
The number of sub-samples the particular identity needs to 

be indicated as present in may be N-Y, where N is the number 
of sub-samples analysed and Y is at least 1 and less than N. N 
may be 2 and Y may be 1. 

Preferably, in respect of one or more of the particular 
identities contributing to the identity information deemed 
representative of the sample, the identity information 
includes information on the amount of that identity detected. 
The amount may be expressed in terms of a peak height 
and/or the amount may be expressed in terms of a peak area. 

Preferably the information on the amount of that identity 
determined for a plurality of the sub-samples is considered 
when establishing the amount in relation to the identity infor 
mation representative of the sample. Preferably the amount 
from all sub-samples is considered. Preferably the amount is 
considered whether a positive or zero amount for that identity 
is indicated by a sub-sample. Preferably the amount in rela 
tion to the identity information representative of the sample 
represents a weighted combination of the amounts from the 
Sub-Samples. 

Preferably a greater weighting is given the more of the 
sub-samples the particular identity is present in. Preferably a 
greaterweighting is given the great the amount of that identity 
detected in the Sub-samples. 
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2 
Preferably the amount in relation to a particular identity in 

the identity information representative of the sample is based 
upon a square root of the amount in relation to that particular 
identity for one or more of the sub-samples. The amount in 
relation to a particular identity in the identity information 
representative of the sample may be equivalent to taking the 
average of the amounts on a logarithmic scale. Preferably the 
multiple of the roots of the amount for that identity for all of 
the sub-samples is used. The sum of the roots of the amount 
for that identity for all of the sub-samples may be used. The 
root may be the nth square root, where n is at least 2. Pref 
erably n is the number of sub-samples analysed. The number 
of Sub-Samples analysed may be 2, 3, 4 or greater. 
The method of investigation may particularly be used to 

consider quantitatively small DNA samples. Small samples 
may be those with a DNA content of less than 250 pg or even 
less than 50 pg. 
The method of investigation may be used to establish iden 

tity information deemed representative of a sample when the 
information from one or more Sub-samples alone does not 
meet predetermined requirements. 
The Sub-Samples taken from the sample together may form 

part or all of the sample. Preferably the sub-samples are taken 
in a manner that provides each Sub-Sample should be an 
equivalent of the others in terms of the DNA it contains. The 
number of Sub-samples may be in the range 2 to 10. 
The sub-samples may be subjected to PCR or other ampli 

fication techniques. The identities of alleles at one or more 
loci may be considered. STR or SNP based identities may be 
considered. Preferably multiple loci are considered. 
The allele identity information may be obtained by an 

analysis instrument. The identity information may be used 
directly or may be provided as a data file for future use. 

Preferably the method provides for generating the identity 
information deemed representative of the sample from the 
identity information from the sub-samples in a time period of 
less than 20 minutes per sample and ideally less than 10 
minutes per sample. Preferably the method provides for gen 
erating the identity information deemed representative of the 
sample from the identity information from the sub-samples 
for in a time period of less than 2 hours for 15 samples and 
ideally less than 1 hour for 15 samples. The identity informa 
tion deemed representative of the sample may be generated 
from the identity information from the sub-samples analysed 
in respect of 5 or more loci, more preferably 8 or more loci 
and ideally 10 or more loci. 

BRIEF DESCRIPTION OF DRAWINGS 

Various embodiments of the invention will now be 
described, by way of example only, and with reference to the 
accompanying drawings in which: 

FIG. 1a illustrates the identities detected in the analysis of 
a first Sub-Sample: 

FIG. 1b illustrates the identities detected in the analysis of 
a second Sub-Sample: 

FIG. 2 illustrates the combined result calculated with 
respect to the old rules for considering Sub-samples; and 

FIG. 3 illustrates the combined result calculated with 
respect to the present invention. 

Advances in the sensitivity of methods for analysing 
samples containing DNA and advances in the reliability of 
interpretation procedures applied to the results have allowed 
samples containing very low levels of DNA to be successfully 
considered. The applicant now makes extensive use of So 
called “low copy number or “LCN’ analysis procedure. 
Details of such a procedure are to be found in PCT/GB01/ 
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01657, the contents of which are hereby incorporated by 
reference, particularly in relation to the interpretation proce 
dure and rules therefore disclosed therein. 

In such existing LCN procedures, two identical sub 
samples of the sample to be considered are taken and Sub 
jected to separate, but identical analysis (PCR, followed by 
allele determination by the inspection of peaks in the profile). 

Typical results from two sub-sample results are shown 
schematically in FIGS. 1a and 1b. These results are obtained 
by subjecting sub-samples of the DNA to PCR and analysis 
using one of a variety of techniques. The results are then 
visualised using one of a number of commercially available 
instruments such as Genotyper, Genemapper or True Allele. 
Identity, height and/or area information is usually obtained as 
a result. Generally this is outputted as a data file. 

In FIG.1a, three differentallele identities are suggested as 
being present, allele identities P, Q and R. The peak height/ 
area for the three identities is different, with R being >Q and 
Q being >P. 

In FIG.1b the results only show two allele identities, allele 
identities P and Q. There is no indication that R is present. 

Under the existing procedure and rules, as peak P is present 
in both sub-samples, the rules for the interpretive procedure 
say this allele identity can be used in the consideration of the 
sample. However, as peak Ris present in the first Sub-sample, 
but not in the second sub-sample the rules for the existing 
interpretive procedure say this allele identity is not to be used 
in the further consideration of the sample. 

Although not generally presented in this way, the result of 
the consideration of the identity information from the two 
Sub-Samples, using the old approach, to give the identity 
information representative of the sample is that set out in FIG. 
2, namely just peaks P and Q. 
Where the analysis of a sample Suggests allele identities in 

the profile for one or either sub-sample only, then the poten 
tial information on that allele does not feature in the subse 
quent consideration. Hence, information is potentially lost 
and the usefulness of the interpretation for that sample is 
diminished. Where a number of alleles suffer this problem 
then a successful consideration may not be possible at all. 
There are samples at present, therefore, which cannot be 
interpreted effectively using existing procedures and rules. 

Using manual interpretation of the Sub-sample results by 
highly trained and experienced expert it is sometimes pos 
sible to take a greater number of allele identities forward for 
consideration. However, Such an approach is subjective, is 
time consuming and expensive. 

The present invention provides an interpretive procedure 
that is based upon forming a consensus result from the indi 
vidual results for the Sub-Samples. Thus a continuous quan 
titative model is used. 

The new rule approach gives the profile/allele identities of 
FIG. 3 for further consideration as being the identity infor 
mation representative of the sample. The manner in which the 
consensus is reached is as follows, with n being the number of 
sub-samples considered. The nth root of the peak area for 
each identity in each Sub-sample result is taken. The nth root 
value for an identity from each sub-sample is added to the nth 
root value for that identity from other sub-samples. This is 
done for all identities. 

Referring to the illustrated example, therefore, only 2 sub 
samples are being considered and so it is the square root that 
is taken. FIG. 1a has peak area values of 4 for identity P. 9 for 
identity Q and 16 for identity R. FIG.1b has peak area values 
of 1 for identity P and 9 for identity Q. As a result the 
consensus peak area, FIG. 3, for identity P is 2 (2x1), the 
consensus peak height for identity Q is 9 (3x3) and the con 
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4 
sensus peak height for identity R is 2 (4xf, where fis a chosen 
weighting factor for Zero indications, in this case 0.5). 

In another way of approaching the generation of a consen 
SuS profile, and referring to the illustrated example, again only 
2 Sub-samples are being considered and so it is the square root 
that is taken. FIG. 1a has peak area values of 4 for identity P. 
9 for identity Q and 16 for identity R. FIG. 1b has peak area 
values of 1 for identity P and 9 for identity Q. As a result the 
consensus peak area for identity P would be 3 (2+1), the 
consensus peak height for identity Q would be 6 (3+3) and the 
consensus peak height for identity R would be 4 (4+0). This 
consensus profile is not illustrated. 
The approaches thus place greater emphasis on identities 

that appear in all Sub-samples than those that only appear in 
some. Those that appear in some, but not all, get greater 
weight than those that appear in only one. Accounting for 
identities that appear in only one Sub-sample result is, how 
ever, made. Whilst the use of the nth root is one manner of 
weighting for the consensus result, others could be used. 

In the case of the illustrated example, all three identities 
within the consensus peak heights are then used in the further 
consideration. The further consideration may be provided 
according to one or more techniques. For instance, the con 
sensus may be used directly as information to be loaded into 
a database and/or to be searched against a database for 
matches. It is possible to Subject the consensus to further 
processing before the further consideration. It may be pro 
cessed using one or more rule sets to determine the informa 
tion from the consensus which progresses to the further con 
sideration 
Not only does the present inventions procedure and rules 

allow consideration where it would not have previously been 
possible, but it also allows into be done in an expert System or 
even automated manner as the interpretation of the Sub 
samples is made easier. Additionally, the result of the proce 
dure and rules is a single profile, the consensus profile. This 
means that the Subsequent consideration is made easier and 
more suited to performance by software. The operator also 
does not need the level of training and experience previously 
required to achieve the result. 

Overall, the procedure and rules in test implementations 
have been able to generate results in a few minutes compared 
with many times under the prior art approach. Furthermore, 
the procedure and rules of the present invention have been 
able to generate useful results in twice as many of the problem 
DNA samples when compared with the prior art approach. 

In the simplified example given above, two Sub-samples 
are considered and an identity in any one features in the 
consensus result. Where a significant number of Sub-Samples 
are considered, then the approach may be that an identity 
features in the consensus result if it is present in N-Y of the 
sub-samples, where N is the total number of sub-samples 
considered and Y is a predetermined threshold. In the simpli 
fied case above, N is 2 and Y is 1. 
Where not all identities will feature in the consensus result, 

for instance N is 5 and Y is 2, then first identities are consid 
ered to see whether they are present in enough of the sub 
sample results. Those that do not are set aside, those that do 
are Subjected to the processing to give their contribution to the 
consensus result. In the example above, the nth root was 
taken. Other functions could be used, however. 
Once the consensus result has been reached, the consensus 

result may be further processed. For instance techniques to 
account for preferential amplification and/or Stutter and/or 
mixture theory may be applied. 
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The processed consensus result can then be used directly 
and/or can be loaded into a database for future consideration, 
search against and other functions. 

Whilst the procedure and rules have been described with 
particular reference to solving problems in the context of 
LCN procedures, they are applicable to other situations 
involving DNA analysis. There are situations, for instance, 
where sufficient DNA is available to avoid having to use LCN 
procedures, but when the results from the two sub-samples 
are inspected one or both does not meet the required Standard 
(for instance for loading on to a database). The procedure and 
rules of the present invention enable a consensus to be estab 
lished and potentially used instead. 
The invention claimed is: 
1. A method of investigating a single DNA sample to pro 

vide consensus identity information deemed representative of 
the sample, the method comprising: 

a) taking at least two sub-samples of DNA from the sample: 
b) amplifying the Sub-samples: 
c) analysing the Sub-Samples to obtain identity informa 

tion, the identity information including an identity and 
an amount of that identity detected, the identity being the 
identity of the one or more alleles indicated as present in 
the Sub-samples by the analysing, the analysing being 
applied in respect of 5 or more loci; and 

d) establishing identity information deemed representative 
of the sample from the sub-samples by: 
1) including, by an automated step, in the identity infor 
mation deemed representative of the sample, identity 
information from a Sub-sample about a particular 
identity when that particular identity is indicated as 
present by one or more of the sub-samples analyzed: 
and 

2) including, by an automated step, in the identity infor 
mation deemed representative of the sample, a 
weighted combination for that particular identity, the 
weighted combination being weighted according to 
the amounts of that particular identity in all the sub 
samples: 

thereby establishing the identity information deemed 
representative of the sample from the Sub-Samples in 
the form of a consensus of the identity information of 
the Sub-Samples, thereby providing the consensus 
identity information deemed representative of the 
sample; 

wherein the consensus identity information includes an 
identity and an amount of that identity for each identity 
indicated by the analysing as present in the Sub-samples 
in respect of the 5 or more loci. 

2. A method according to claim 1 in which the number of 
Sub-Samples the particular identity needs to be indicated as 
present in is N-Y, where N is the number of sub-samples 
analysed and Y is at least 1 and less than N. 
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3. A method according to claim 1 in which information on 

an amount of an identity of one or more alleles is determined 
and, in respect of one or more of the particular identities 
contributing to the identity information deemed representa 
tive of the sample, the identity information includes informa 
tion on the amount of one or more alleles detected, the amount 
being quantified in terms of peak height or the amount being 
quantified in terms of peak area. 

4. A method according to claim 1 in which information on 
an amount of an identity of one or more alleles is determined 
for each of the plurality of the sub-samples and the informa 
tion on the amount of an identity for one or more alleles 
determined for each of the plurality of the sub-samples is 
considered when establishing the amount of that identity in 
relation to the identity information representative of the 
sample. 

5. A method according to claim 4 in which the amount in 
relation to the identity information representative of the 
sample represents a weighted combination of the amounts 
from the Sub-samples. 

6. A method according to claim 5 in which a greaterweight 
ing is given the more of the Sub-Samples the particular iden 
tity is present in. 

7. A method according to claim 5 in which a greaterweight 
ing is given the greater the amount of that identity detected in 
the Sub-samples. 

8. A method according to claim 1 in which information on 
an amount of an identity of one or more alleles is determined 
and the amount in relation to a particular allele in the identity 
information representative of the sample is based upon mul 
tiplying the amount of the particular allele determined by Vin, 
for one or more of the sub-samples, where n is the number of 
Sub-samples analysed. 

9. A method according to claim 8 in which the amount in 
relation to a particular allele in the identity information rep 
resentative of the sample for that identity for all of the sub 
samples are multiplied together. 

10. A method according to claim 8 in which the amount in 
relation to a particular allele in the identity information rep 
resentative of the sample for that identity for all of the sub 
samples are added together. 

11. A method according to claim 1 in which information on 
an amount of an identity of one or more alleles is determined 
and the amount in relation to a particular allele in the identity 
information representative of the sample is equivalent to tak 
ing the average of the amounts on a logarithmic scale. 

12. A method according to claim 1 in which the identity 
information deemed representative of the sample is generated 
from the identity information from the sub-samples analysed 
in respect of 8 or more loci. 


