
Abstract Since 1992 the Spanish and Portuguese Work-
ing Group (GEP) of the International Society for Forensic
Haemogenetics (ISFH) has been organizing collaborative
exercises on DNA profiling with the aim of making
progress on standardization and discussing technical and
statistical problems in DNA analysis. A total of four exer-
cises (GEP-92 to GEP-95) have been carried out until
now. A consequence of these exercises was the creation of
a quality control programme in Spain and Portugal in
1995 which was carried out simultaneously with the GEP-
95 exercise. The number of participating laboratories in-
creased from 10 in the first exercise (GEP-92) to 19 in the
last exercise (GEP-95). Despite this increasing number of
participating laboratories, results remained satisfactory. In
the last exercises, all the laboratories used PCR-based
DNA polymorphisms with an increasing number of mark-
ers obtaining good results. SLPs were used by only 30%
of laboratories in the last two exercises but the results in-
dicated a good level of expertise in most of these labora-
tories. The reasons for these successful results are the
common use of the EDNAP protocol for SLP analysis and
commercially available kits or common sequenced allelic
ladders for PCR-based DNA polymorphisms.
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Introduction

The Spanish and Portuguese Working Group (GEP) of the
International Society for Forensic Haemogenetics (ISFH)
comprises forensic genetic laboratories from Spain, Portu-
gal, France, and some South and Central American coun-
tries. The majority of all the casework in forensic genetics
(criminal casework and paternity testing) in Spain and
Portugal is carried out in these GEP laboratories.

Since 1992 the group has been organizing collabora-
tive exercises on DNA profiling with the aim of progress-
ing on standardization as well as for the discussion of
technical and statistical issues in DNA analysis (Gómez
and Carracedo 1996) and four exercises (GEP-92 to GEP-
95) have been carried out. As a consequence of these ex-
ercises, a quality control programme has been set up since
1995 in Spain and Portugal, which was carried out simul-
taneously with the GEP-95 exercise.

In this paper the results of the exercises are summa-
rized and the characteristics of the quality control pro-
gramme described.

Material and methods

Samples

A total of six bloodstains were distributed to participants. Each
bloodstain was prepared by applying 400 µl of whole blood onto
cotton cloth and air dried before distribution.

DNA extraction and quantification

Phenol-chloroform was used by the majority of laboratories (10/
19) in the last exercise usually followed by centricon-100 purifica-
tion but chelex extraction was also used by many laboratories
(9/19) especially by those reporting results for only PCR-based
systems. Quantification of extracted DNA was carried out by the
majority of laboratories, slot-blot being the method most com-
monly used.

RFLP methodology

SLPs were reported by 7 out of 19 participating labs in GEP-95 
(7 out of 15 in GEP-94). Most of the laboratories (except one in
GEP-95) followed the EDNAP electrophoresis protocol (Gill et al.
1992). The agarose concentration varied from 0.7 to 1%. The BRL
ladder (Life Technologies S.A., Barcelona, Spain) was used by the
majority of laboratories. Ethidium bromide was only used after
running the gels. Sizing of fragments was carried out by a variety
of methods (manual and automated systems) using the local recip-
rocal method (Elder and Southern 1987) for calculations.

PCR methodology

DQA1 and Polymarker

All participating laboratories used the DQA1 system. The markers
included in the Polymarker system were reported by a total of 13
laboratories. All participants performed the amplification and typ-
ing of these systems by using reverse dot-blot with the AmpliType
HLADQA1 and PM Forensic DNA Amplification and Typing Kits
(Perkin Elmer Corp., Norwalk, CT).

D1S80

All participating laboratories carried out the D1S80 amplification
by using the AmpliFPD1S80 Amplification Kit (Perkin Elmer
Corp., Norwalk, CT). The commercial D1S80 ladder of 27 alleles
was used by 13 labs, 1 laboratory used the old commercial Perkin-
Elmer ladder of 13 alleles and another used a ladder composed of
8 sequenced alleles.

A variety of electrophoretic and detection methods were used
for typing this system, including native PAGE (both vertical and
horizontal) and silver staining, SDS-PAGE and silver staining,
metaphor agarose and EtBr, and automated sequencers with fluo-
rocrome-based detection systems.

STRs

STRs were used by the majority of participating laboratories (15/
19). The systems of choice were HUMTH01 (15 labs), HUMFES
and HUMVWA31A (14 labs) and HUMF13A1 (13 labs). Gener-
ally, amplification of STR markers was performed using common
primers but different electrophoretic systems and allelic ladders.
Basically, laboratories can be classified into those that used the
GenePrint STR System (Promega Corporation, Madison, WI,
USA) followed by silver staining detection, and those that used
primers and allelic ladders included in the EDNAP exercises (Gill
et al. 1994; Kimpton et al. 1995) in conjunction with automated se-
quencers. However, all laboratories used sequenced allelic ladders
in GEP-95 (11 vs 3 used sequenced allelic ladders in GEP-94).
Also all the laboratories used denaturing polyacrylamide gels in
GEP-95 (12 vs 2 used denaturing conditions in GEP-94).

Amelogenin

Results from the amelogenin system were reported by only five
laboratories. Denaturing PAGE and silver staining was the method
most commonly used for analysing this marker.

Results

Since 1992 the Quality Control Centre of the National In-
stitute of Toxicology has been distributing six samples to
participants, usually by December. Data from laboratories
were reported by May of the following year, and the re-
sults were discussed in June during the Annual Meeting of
the GEP-ISFH group. In the last exercise three of the six
samples corresponded to a paternity case.

Each laboratory was given a code in order to preserve
anonymity. Participants in the exercise were supplied with
a data sheet with methodological questions for the DNA
loci included in each exercise (i.e. primers, ladders,
buffer, gel composition, detection system).

The number of participating laboratories (Table 1) in-
creased from 10 in the first exercise (GEP-92) to 19 in the
last exercise (GEP-95). In the last two exercises, results
from 15 laboratories out of 17 participants (GEP-94) and
17 laboratories out of 19 participants (GEP-95) were re-
ported.

The number of DNA polymorphisms included in the
exercises increased from four in GEP-92 to five in GEP-
93, and nine in GEP-94. In GEP-95, laboratories were
free to submit results for the DNA systems currently used
in their casework, and a total of 25 systems were included.
The systems used in each exercise are listed in Table 1.
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SLPs

Figure 1 shows the mean and the total range of coefficient
of variation among laboratories for two SLPs (MS43a and
YNH24). Detailed data for each band, locus and labora-
tory as well as a complete statistical analysis are available
upon request.

The mean laboratory deviation (Deviation δ from the
mean: δ (%) = (M— – F) / M— × 100) (Gill et al. 1992) for
MS43a and YNH24 ranged between 0.14–0.92 (GEP-92),
0.07–2 (GEP-93), 0.22–1.58 (GEP-94) and 0.22–1.71
(GEP-95). These results are similar to the GEDNAP
(Puers et al. 1992; Bär et al. 1992; Brinkmann et al. 1993;
Wiegand et al. 1995), ESWG (Syndercombe-Court and
Lincoln 1996), and the second EDNAP exercise (Gill et
al. 1992), and considerably better than the EDNAP I trial
(Schneider et al. 1991). The interlab variation was 4.11%
in one isolated case. Except in this particular case the in-
terlaboratory variation was low and 100% of matches
achieved using a guideline of 2%. It is necessary to keep
in mind that fragments were sized in each participating
laboratory.

Other probes were included in the GEP-95 exercise
(MS31, MS1, MS205, MS8, G3 and MS621) with similar
results.

PCR-based systems

Results of the GEP-95 exercise are summarized in Fig. 2.
No typing errors were found in dot-blot based systems
(DQA1 and Polymarker) for a total of 612 samples (17
laboratories).

Only 2 laboratories reported isolated errors from a to-
tal of 15 participants. The lack of detection of an allele
larger than 41 by one laboratory in sample 2 and a mistyp-
ing in sample 3 in other laboratory (23–25 instead of the
correct 23–27) were the reasons for the errors found in the
trial.

Isolated errors were found in TH01 (2 laboratories
from a total of 15) and F13A01 (1 laboratory out of 13
participants). Errors in TH01 were due to an incorrect de-
nomination of the alleles in the allelic ladder in one case
and a mistyping of sample 6 by another laboratory (6–9.3
instead of the correct 6–9). In general, mistyping errors
were combined with allelic ladders of poor quality or not
correctly designated.

Differences in nomenclature were reported by two par-
ticipating laboratories for the complex STRs ACTBP2
and D21S11.

No errors were reported in the following STRs: FES/
FPS, VWA, TPOX, CSF1PO, F13B, LIPOL, FIBRA,
D12S391 and LPL. Also, no errors were found in the
amelogenin system.

In GEP-92 three errors in the DQA1 system and four in
the the D1S80 system (mistyping of allele 28 for 29) were
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Table 1 The systems used in
each exercise (from GEP-92 to
GEP-95). The figures at the
bottom indicate the total num-
ber of participating labs for
each GEP-exercise

GEP-92 GEP-93 GEP-94 GEP-95

MS43a MS43a MS43a MS43a DQA1 SE33
YNH24 YNH24 YNH24 YNH24 D1S80 HUMLIPOL
DQA1 DQA1 DQA1 MS31 HUMTH01 HUMFIBRA
D1S80 D1S80 D1S80 MS1 HUMFXIIIA1 D21S11

HUMTH01 HUMTH01 MS205 HUMVWA D12S391
HUMFXIIIA1 MS8 HUMFES/FPS HUMLPL
HUMVWA G3 HUMTPOX Amelogenin
HUMFES/FPS MS621 HUMCSF1PO
Polymarker Polymarker HUMF13B

10 15 17 19

Fig. 1 Mean and total range of coefficient of variation among lab-
oratories for two SLPs (MS43a and YNH24). J MS43a; ? YNH24

Fig.2 Results of the GEP-95 exercise for the PCR-based systems.
Bars indicate the number of labs performing each system. Errors
found are indicated by numbers within bars



reported. In GEP-93 only one error in the D1S80 system
was found and in GEP-94 discrepancies in the D1S80 sys-
tem (1), Polymarker (2) and HumVWA (2) were reported.

Statistical evaluation of the paternity case

Statistical results for the paternity case included in the
GEP-95 exercise were reported by 12 laboratories. No ex-
clusions were found by any of the participants. Laborato-
ries reported IP values and W values (a priori of 0.5) tak-
ing into account their own frequencies (usually the fre-
quencies of the area estimated by the laboratory). All the
participating laboratories reported W values over 99.9%.
W values greater than 99.999% were reported by the ma-
jority of participating laboratories (7/12), two laboratories
reported W values higher than 99.99% and three laborato-
ries reported W values higher than 99.96%.

The quality control scheme

In conjuction with the GEP-95 exercise, a quality control
programme was set up as shown in Fig. 3. The Quality
Control Centre of the National Institute of Toxicology
(the official laboratory for Forensic Sciences of the Span-
ish Ministry of Justice) distributes samples to participants
including a paternity testing case. Laboratories can submit
their results for validation or just participate in a collabo-
rative exercise. Discussion in the working group about the
results of the collaborative exercise, the validation, and
the QC scheme itself will continuously improve the system.

Out of the 17 laboratories submitting results 12 asked
for validation under the quality control programme, 4
other laboratories applied for validation of at least one
marker. Another laboratory submitted results only for the
collaborative exercise.

Accreditation reports include only the markers success-
fully reported. There was a general agreement to only use
the markers validated under the QC scheme for casework.

Discussion

The experience of the GEP exercises has shown that in
spite of the increasing number of participants, the quality
of the results has remained within the acceptable stan-
dards.

The number of laboratories submitting results for SLPs
analysis remained constant. However, the number of lab-
oratories submitting results for PCR-based analysis in-
creased continuously, specially in the last exercise (GEP-
95). Also, there was a significant increase in the number
of systems, specially in GEP-95 where a total of 25 DNA
polymorphisms were tested. The continuous increase in
the number of DNA polymorphisms carried out is another
factor to consider in the urgent need for standards in
forensic genetics in addition to other reasons already
highlighted in other reports (Brinkmann 1991; Carracedo
et al. 1996). Quality control programmes can only be im-
plemented if participants would agree to use a limited
number of systems.

Results for SLPs remained within reasonable standards
in all exercises. The use of a common electrophoresis pro-
tocol together with the expertise of the participating labo-
ratories are the main factors to explain these results. In
fact, laboratories using electrophoresis protocols different
from that of EDNAP have shown greater deviations from
the mean in previous exercises. In the last two exercises a
single laboratory used a protocol different from that of
EDNAP and had the highest difference in results. Data
from PCR-based polymorphisms were promising with
only a few errors detected despite the high number of sys-
tems studied in the last trial. No errors were reported in
systems analysed with reverse dot-blot and ASO probes.
The few errors detected in D1S80, TH01, and F13A1
were due to preferential amplification of a heterozygote
with a heavy allele in the D1S80 system, mistyping errors,
and incorrect designation of the allelic ladder. In these last
two cases, the human factor in reading results or making
the ladders can be regarded as the major error-prone
causative agent. The progress in automation will probably
avoid these errors in the future. The quality of the results
attained can be attributed to the use of commercial dot-
blot systems with appropriate controls and the use of se-
quenced allelic ladders.

The highly reproducible results achieved in the pater-
nity case, despite the different frequencies used, is a re-
markable finding and a good signal towards the progress
in statistical standardization.

These collaborative exercises together with the Quality
Control Programme have proved to be extremely valuable
and clearly improve the quality of the medico-legal exper-
tise in forensic genetics in Spain and Portugal.
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