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Abstract The 5 tetranucleotide short tandem repeats,
HUMTHO1, HUMVWA31/A, HUMF13A1, HUMFES/
FPS and HUMLPL were studied using different elec-
trophoretic methods and PCR amplification conditions in
order to optimize the typing conditions. A genetic popula-
tion study in the population of Galicia was carried out and
the allele and genotype frequencies are given. Compliance
with the Hardy-Weinberg equilibrium was tested using
different statistical parameters, with clear advantages re-
sulting in favor of using the exact test (Guo-Thompson
method) instead of conventional chi-square methods.
Some statistical parameters of forensic interest (PD, CE,
h) were also calculated. There were no mutations found in
a total of 73 paternal meioses and 101 maternal meioses.
Abnormal electrophoretic mobility was found in the AT-
rich STR HUMF13A1 under non-denaturing conditions
and, therefore, the use of denaturing conditions is ab-
solutely necessary. No “stutter” bands were found, al-
though double peaks in the HUMFES/FPS system were
observed in some samples. The advantage of using auto-
mated sequencers with fluorescent technology is also re-
ported.

Key words Short Tandem Repeats - HUMTHOI -
HUMVWA31/A - HUMF13A1 - HUMFES/FPS -
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Introduction

Short tandem repeat (STR) systems are highly polymor-
phic loci consisting of simple tandemly repeated sequen-
ces 1-6bp in length. Because of their small sizes (< 300
bp) they are amenable to PCR amplification with the addi-
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tional advantage of making the successful typing of foren-
sic material containing highly degraded DNA more likely.
Also, STR typing in polyacrylamide gels allows precise
allele sizing, thus avoiding the problems of the continuous
allele distribution models.

Since this technology has recently been introduced as a
method for individual identification, appropriate standard-
ization protocols and validation studies are required. One
of the more important areas of concern is the clectro-
phoretic mobility of some STR systems, which has been
demonstrated to be a great problem in typing Al-rich
STRs (Lareu et al. 1994a; Gill et al. 1994; Moller and
Brinkmann 1994). In addition, the assessment of these ge-
netic markers in forensic identification and paternity test-
ing requires the existence of appropriate databases for the
populations where the systems are going to be used. Bear-
ing in mind all these points, the specific aims of this study
were:

— To obtain allele frequency estimates for a Galician
(NW Spain) population sample for the following STRs:
— HUMTHOI1: Human Tyrosine Hydroxylase gene, in-

tron 1 (Edwards et al. 1991) Location:11p15.5-p15;
Repeat: (AATG)

— HUMVWA31/A: Human VWF gene, intron 40 (Kimp-
ton et al. 1992) Location: 12pl12-12pter; Repeat:
(TCTA, TCTG)

— HUMF13A1: Human Coagulation Factor XIII A
subunit gene (Polymeropoulos et al. 1991a) Loca-
tion: 6p24—p25; Repeat: (GAAA)

— HUMEFES/FPS: Human C-FES/FPS Proto-oncogene
(Polymeropoulos et al. 1991b) Location: 15q25—qter;
Repeat: (ATTT)

— HUMLPL: Human Lipoprotein Lipase gene (Zuliani
and Hobbs 1990) Location: 8q22; Repeat: (TTTA)

The results were also compared with other population
studies and the allele frequencies were tested for deviation
from Hardy-Weinberg equilibrium using different statisti-
cal parameters.

— To calculate some of the statistical parameters of med-
ico-legal interest, such as heterozygosity value, dis-
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crimination power and chances of exclusion in pater-
nity cases. Family data from paternity cases from our
institute are also reported thus providing additional in-
formation about mutations.

— To study the electrophoretic behaviour of these STRs
under different electrophoretic conditions, including
the use of denaturing gels in an automatic sequencer.

Materials and methods

Blood samples were obtained from healthy unrelated individuals
from Galicia (NW Spain). DNA was extracted from EDTA blood
using a phenol-chloroform procedure (Valverde et al. 1993). DNA
was quantified using a Perkin Elmer 552 UV/VIS spectropho-
tometer.

Primer sequences

HUMTHOI1 (Edwards et al. 1991)
*5'GTGGGCTGAAAAGCTCCCGATTAT3”
5’ATTCAAAGGGTATCTGGGTCTTGG3”

HUMVWA31/A (Kimpton et al. 1992)
*5'CCCTAGTGGATGATAAGAATAATC3”
5"GGACAGATGATAAATACATAGGATGGATGG3’

HUMF13A1 (Polymeropoulos et al. 1991a)
5'"GAGGTTGCACTCCAGCCTTT3”
*5"ATGCCATGCAGATTAGAAA3

HUMEFES/FPS (Polymeropoulos et al. 1991b)
*5'GGGATTTCCCTATGGATTGG3”
5'GCGAAAGAATGAGACTACAT3”

HUMLPL (Williamson et al.1990)
*5"AAATCTGACCAAGGATAGTGGG3”
5'CGAGTGACGTTGGAGACGAAAG3”

(* Primer 5’end labeled with fluorescent dye)

Oligonucleotides were synthesized following the phosphoramidite
method in a 380A DNA synthesizer and purified through an OPC
column (Applied Biosystems, Foster City, Calif.). Selected primers
were 5’end labeled with fluorescent dye (Pharmacia, Sweden).

Amplification conditions

PCR amplification for all 5 systems was performed using 5-25ng
of genomic DNA in a 50pl reaction volume. Each locus was am-
plified initially in an individual reaction consisting of 10mM Tris-
HC1 (pHS8.3), 50mM K], 0.01% gelatin, 1.5mM MgCl,, 200uM
each ANTP, 0.25uM each primer and 1.25 units AmpliTaqg DNA
Polymerase (Cetus, Emeryville, Calif.).

For PCR duplex reactions (HUMTHO1-HUMEES/FPS and
HUMVWA31/A-HUMFI13A1), identical buffers, dNTPs and en-
zyme concentrations were employed with the only differences
being the primer concentrations: 0.125uM each HUMTHO1
primer, 0.0625uM each HUMFES/FPS primer, 0.15uM each
HUMVWA31/A primer, 0.08 uM each HUMF13A1 primer.

PCR cycling (individual and duplex reaction) conditions were
94°C-45 sec, 54°C-1min, 72°C-1min; 30 cycles in a programma-
ble heatblock (DNA Thermal Cycler 9600, Perkin-Elmer/Cetus).

Detection systems

Non-denaturing gel electrophoresis: electrophoretical separation of
the amplified fragments was carried out in polyacrylamide gels
(T:10%, C:3.3%) with piperazine diacrylamide as crosslinker,
0.035M tris sulfate (pH9), 17cm separation distance, and 2%
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agarose plugs in 0.52M tris borate (pH8.5). The separation condi-
tions were 450 V, 30mA, 50 W. Electrophoresis was stopped when
the bromophenol blue front reached the anodal end of the gel.
Bands were visualised using silver staining (Heukeshoven and
Dernik 1985). HUMTHO1 and HUMVWA31/A were routinely
typed using this method.

Denaturing gel electrophoresis: 5l of loading buffer (5mg/ml
dextran blue/formamide) were added to 1l of each PCR product
and combined with internal lane standards (Pharmacia). The sam-
ples were heat denatured at 94°C for 2min before being loaded
onto a standard 6% polyacrylamide denaturing sequencing gel
(7.0M urea, 5.7% acrylamide, 0.3% bisacrylamide, 100mM tris-
borate pH8.3 and 1mM Na,EDTA). The gels were run for 4h
at constant power (45W), 1600V and 42mA on the Automatic
Laser Fluorescent (ALF) DNA sequencer (Pharmacia). Fragment
sizes were determined automatically using the “Fragment Man-
ager” software, and typed by comparison with a sequenced allelic
ladder. HUMF13A1, HUMFES/FPS and duplex systems were rou-
tinely typed with this method.

Allelic designation

Allelic designation of the STRs systems was made according to
the repeat number in line with the recommendations of the DNA
Commission of the International Society for Forensic Haemo-
genetics (1992). The 173bp allele at the HUMTHO!L locus was
found and designated as allele 9.3, and the 181bp allele at the
HUMF13A1 locus was designated as allele 3.2.

Sequenced allelic ladders for each STR system included most
of the alleles of each particular STR.

Statistical analysis

Hardy-Weinberg equilibrium was tested for with conventional
Pearson’s chi-square methods (x?), and with the two exact tests
proposed by Guo and Thompson (1992) based on conventional
Monte Carlo methods and the Markov chain approach, respec-
tively. For the Monte Carlo method the number of batches was 100
and the size of each batch 170. For the Markov chain method the
number of batches was 20 and the size of each batch 5000. For the
Markov chain method the dememorization period was 1000 steps.

Comparison of population data was carried out using a 2-way
RxC contingency table test comparing allele distributions for pop-
ulation sample homogeneity and using chi-square as statistical pa-
rameters.

Other statistical parameters of genetic and medico-legal inter-
est that were used: power of discrimination (PD) was calculated
following Fisher’s method (Fisher 1951), heterozygosity value (h)
was calculated as described by Nei and Roychoudhury (1974) and
chance of exclusion (CE) was calculated as described by Ohno et
al. (1982).

Results and discussion
Allele and genotype frequencies

The allele and genotype frequencies for the 5 systems are
shown in Tables 1-5.

The most frequent alleles were: HUMTHOL: 9.3;
HUMVWA31/A: 16; HUMF13A1: 7; HUMFES/FPS: 11;
HUMLPL: 2.

Alleles consisting of 11 repeats in HUMTHO1 and 13,
21 and 22 repeats in HUMVWA31/A that have been pre-
viously reported in the literature (Edwards et al. 1992;
Wiegand et al. 1993; Hochmeister et al. 1994; Moller et
al. 1994) were not detected in our study. A total of 12
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Table 1 Allele and genotype frequencies of the HUMTHOI sys-
tem in the Galician population (n =234)
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Table 2 Allele and genotype frequencies of the HUMVWA31/A
system in the Galician population (n =158)

Genotype Observed (%) Expected (%) Genotype Observed (%) Expected (%)
5-7 1 (0.4 02 (0.1 14-14 3 (1.9 2.6 (1.7)
6-6 9 (3.9 105 4.5) 14-15 7 (4.4) 4.5 (2.9)
6-7 18 (7.7) 17.1 (7.3) 14-16 10 (6.3) 10.6 (6.7)
6-8 15 (6.4) 13.1 (5.6) 14-17 7 (44) 9.2 (5.8)
6-9 22 (94) 17.6  (7.5) 14-18 10 (6.3) 9.2 (5.8)
6-9.3 26 (11.1) 30.0 (12.8) 14-19 1 (0.6) 1.7 (1.1)
7-7 6 (2.5 7.0 (2.9) 15-15 1 (0.6) 1.9 (1.2)
7-8 9 (3.9) 10.7 (4.6) 15-16 9 (5.7) 9.1 (5.7)
7-9 14 (6.0) 144 (6.1) 15-17 7 (4.4) 79 (5.0)
7-9.3 27 (11.5) 24.6 (10.5) 15-18 9 (5.7) 79 (5.0
3-8 4 1.7 41 (1.7)  15-20 1 (0.6) 03 (0.2)
8-9 10 @.3) 11.0 @7 16-16 13 (8.3) 10.6 (6.7)
8-9.3 20 (8.5) 18.8 (8.1) 16-17 19 (12.0) 184 (11.7)
9-9 6 (2.5) 74 (3.1) 16-18 15 (9.5 184 (11.7)
9-9.3 25 (10.8) 25.2 (10.9) 16-19 3 (1.9 34 (2.2)

9.3-9.3 22 (9.4) 21.5 (9.3) 17-17 8 (5.1) 8.0 (5.1)

Others 0 (0.0) 0.8 (0.3) 17-18 17 (10.8) 16.0 (10.1)

17-19 4 (2.6) 2.9 (1.8)

Allele Frequency 1720 1 (0.6) 0.7 (0.4)

5 0.0021 18-18 8 (5.1) 8.0 (5.1)

6 0.2115 18-19 4 (2.6) 29 (1.8)

7 0.1731 19-20 [ (0.6) 0.1 (0.1

8 0.1325 Others 0 (0.0) 35 (22)

9 0.1774

9,3 0.3034 Allele Frequency

x2 = 8.0679; P = 0.7133; df = 11; Exact test: P = 0.928 14 0.1297

15 0.1108
16 0.2595
. . 17 0.2247

alleles were found for HUMF13Al, including alleles g 0.2247

10 and 12 that have not been detected in other caucas- g 0.0411

ian population studies (Kimpton et al. 1993). The allele 5 0.0095

size ranges found were: HUMTHO1 (154-173bp),
HUMVWA31/A (139-163bp), HUMF13A1 (181235
bp), HUMFES/FPS (213-233bp) and HUMLPL (171-
191 bp).

Hardy-Weinberg equilibrium

A prerequisite for the application of any genetic marker in
forensic cases is that the system be tested for deviation
from Hardy-Weinberg equilibrium. The methods pro-
posed so far for testing H-W equilibrium can be catego-
rized into 2 groups. One consists of large-sample good-
ness-of-fit tests such as Pearson’s ¥2, the likelihood ratio
statistics G2 or the conditional %2 test (Li 1955). The %2 is
the test most commonly used in population genetic stud-
ies. The other approach involves exact tests (Levene
1949; Haldane 1954; Chapco 1976) and is clearly more
appropriate for large numbers of alleles. In such cases,
even if the sample size is only moderately large, the num-
ber of genotypes is so large that many genotype frequen-
cies will be zero, especially when the corresponding allele

2 =16.3799; P = 0.4529; df = 16; Exact test: P = 0.857

frequencies are low. Therefore, the adequacy of applying
a classical y? test is questionable.

Exact tests (or probability tests) for H-W equilib-
rium are based on Fisher’s exact test for independence
in contingency tables. These tests depend on the discrete
multinomial distribution for multiple-allele systems and
require the enumeration of all possible samples which
keep the same gene frequencies and sample sizes as in
the observed sample. However enumeration becomes a
problem as the sample size or the number of alleles in-
creases and the gene frequencies become close to each
other. For this reason, classical exact tests involve many
calculations and are difficult to apply to highly polymor-
phic systems.

The only solution seemed to be the use of binning ap-
proaches and classical y? tests (Brenner and Morris 1990;
Rand et al. 1992; Lareu et al. 1993), which are less sensi-
tive but still informative to some degree.
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Table 3 Allele and genotype frequencies of the HUMF13A1 sys-
tem in the Galician population (n =143)
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Table 4 Allele and genotype frequencies of the HUMFES/FPS
system in the Galician population (n =124)

Genotype Observed (%) Expected (%) Genotype Observed (%) Expected (%)
32~ 4 ©.7 0.9 (0.7) 3-10 3 24 1.0 (0.8)
32-5 3 20 43 (3.0 9-11 2 (1.6) 0.8 (0.6)
32-6 10 (7.0) 7.1 (5.0 10-10 9 (7.3) 13.5 (11.0)
32-7 1t 77 9.1 (6.4) 10-11 40 (32.2) 344 (27.7)

4 -5 1 (0.7 1.9 (1.3) 10-12 15 (12.2) 149 (12.1)

4 ~ 6 3 (2.0 31 2.1 10-13 6 (4.8 4.0 (3.2)

4 -7 4.2) 40 (2.8) 11-11 21 (16.9) 21.8 (17.6)

5 -5 5 (3.5 44 (3. 11-12 18 (14.5) 18.9 (15.2)

5 -6 15 (10.5) 142 (9.9) 11-13 2 (1.6) 50 4.0

5 -7 19 (13.3) 18.4 (12.9) 12-12 4 (3.2) 4.1 3.3)

5 -12 1 0.7 0.2 (0.1) 12-13 4 (3.2) 22 (1.8)

5 =15 1 (0.7 0.9 (0.6) Others 0 (0.0 34 @27

6 —6 7 (4.9) 115 (8.0)

6 -7 32 (22.4) 2.7 208) ol Frequency

6 —8 1 ©.7) 0.6 (0.4) 8 0.0121

6 -10 1 07 03 (0.3) 9 0.0081

6 -15 2 (1.4 14 (1.0) 10 0.3306

6 —16 1 (0.7 06 ©4 U 0.4193

6 17 2 (14) 06 (04) 12 0.1815

7 -7 16 (11.2) 193 135 13 0.0484

7 -8 1 07 0.7 (0.5)  42=15.9963; P = 0.0203; df = 6; Exact test: P = 0.7234

7 -11 1 (0.7 0.4 (0.3)

7 -15 2 (1.4 1.8 (1.3)

7 -16 1 ©n 0.7 (0.5) Table 5 Allele and genotype frequencies of the HUMLPL sysiem

Others 0 (0.0 6.8 @.7) in the Galician population (r =113)

Allele Frequency Genotype Observed (%) Expected (%)
32 0.0874 1-2 5 (44) 7.4 (6.6)
4 0.0385 1-3 7 (6.2) 52 (4.6)
5 0.1748 14 7 (6.2) 3.8 (3.3)
6 0.2832 1-5 1 (0.8 1.6 (1.4)
7 0.3671 2.2 19 (16.9) 15.6 (13.9)
8 0.0070 2.3 23 (20.4) 22.0 (19.5)
10 0.0035 2.4 14 (12.5) 16.0 (14.2)
1 00025 2.5 4 3.5 67 (5.9)
ﬁ 8:8‘1)72 33 5 (44) 77 (6.8)
16 0.0070 34 10 (8.9 112 (9.9

17 0.0070 3-5 7 (6.2) 47 4.1

3-6 2 (1.8) 0.5 (0.5

%% =24.4307; P = 0.0311; df = 13; Exact test: P = 0.708 44 4 (3.5) 4.1 (3.6)

4-5 4 (3.5) 34 (3.0

5-5 1 (0.8) 0.7 (0.6)

Recently, new approaches for performing exact tests  QOghers 0 (0.0) 24 (2.1
have been proposed (Louis and Dempster 1987; Hernan-

dez and Weir 1989; Guo and Thompson 1992). Here we Allele Frequency

have used the Guo and Thompson approach (1992). They | 0.0885

proposed 2 algorithms (based on the conventional Monte 03717
Carlo method and the construction of the Markov chain 3 02611

respectively) to estimate the significance level for a test 0.1903
of Hardy-Weinberg. The advantages and disadvantages s 0.0796
of each method are discussed in Guo and Thompson 0.0088

(1992) but they are remarkably simple and easy to
compute. Similar results were obtained with both meth-

x% = 15.3769; P = 0.1321; df = 10; Exact test: P = 0.695
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« Fig.1 Comparison of data from Galicia with German (HUMTHO1,

Wiegand et al. 1993; HUMVWAZ3I1/A, Moller et al. 1994) and UK
(HUMTHO1, Lareu et al. 1994b; HUMFES/FPS, HUMF13A1 and
HUMVWA31/A, Kimpton et al. 1993, HUMLPL, Wall et al.
1993) populations

Table 6 Comparison of different populations with the Galician
data

Population %2 P value

HUMTHO1

Galicia-Caucasian UK 14.88 0.5335
(Lareu et al. 1994b)

Galicia-Germany 21.71 0.1962
(Wiegand et al. 1993)

Galicia-Caucasian USA 11.01 0.9235
(Edwards et al. 1992)

Galicia-Black USA 96.22 0.0001
(Edwards et al. 1992)

Galicia-Mexican-Amerindian 48.32 0.0001
(Edwards et al. 1992)

Galicia-South Spain 18.89 0.4641
(Lorente 1994)

HUMVWA31/A

Galicia-Caucasian UK 12.42 0.9275
{Kimpton et al. 1993)

Galicia-Germany 20.08 0.8903
(Msller et al. 1994)

Galicia-South Spain 27.40 0.2394
(Lorente et al. 1994)

HUMFI13A1

Galicia-Caucasian UK 16.38 0.8739
(Kimpton et al. 1993)

Galicia-Greece 10.38 0.4966
(Greenhalgh et al. 1994)

Galicia-Northern Europe 23.37 0.0248
(Greenhalgh et al. 1994)

Galicia-Gujarati 45.27 0.0001
(Greenhalgh et al. 1994)

HUMFES/FPS

Galicia-Caucasian UK 6.14 0.8636
(Kimpton et al. 1993)

Galicia-Asian UK 16.27 0.2349
(Kimpton et al. 1993)

Galicia-Afrocaribbean UK 16.96 0.2013
(Kimpton et al. 1993)

HUMLPL

Galicia-Northern Europe 4.69 0.9896
(Wall et al. 1993)

Galicia-Greece 6.95 0.9367
(Wall et al. 1993)

Galicia-Caucasian USA 20.37 0.1189
(Ahn et al. 1992)

Galicia-Gujarati 32.96 0.0029

(Wall et al. 1993)

ods (data not shown) but, since the Monte Carlo method
is most suitable for data with a large number of alleles
but a small sample size (Guo and Thompson 1992), only
the results of the Monte Carlo approach are reported here.

All the systems studied, with the exception of the
HUMF13A1 and HUMFES/FPS, were in Hardy-Wein-



288

berg equilibrium for both conventional %2 as well as for
the Guo and Thompson exact tests. The usefulness of the
exact tests is exemplified in these cases. The large number
of genotypes affects the y? estimates but the systems are
clearly in H-W equilibrium as demonstrated by the Guo
and Thompson tests.

Therefore, we strongly recommend the use of these ex-
act tests when the number of alleles is large.

Comparison of populations

Few population studies of STRs have been published thus
making population comparison a difficult task. In addi-
tion, some population studies only report allele frequen-
cies in graphics, making any comparison impossible. For
these reasons, only the Galician and UK populations
could be compared in each of the 5 systems studied; a
qualitative comparison is shown in Fig.1. Data from a
German population is also included when available.

Table 6 shows a quantitative comparison between some
published population studies and the Galician data: %? and
p values were calculated using a 2-way RxC contingency
table.

Significant differences were observed between the
Galician population and the Mexican Amerindian (for
HUMTHO1), the Black USA population (for HUMTHO1),
and the population data from Indian Gujaratis (for
HUMF13A1 and HUMLPL).

No significant differences with other caucasians popu-
lations were observed in any of the STRs studied. As with
other DNA polymorphisms, population heterogeneity
does not seem to be a problem for these markers, and the
distribution of alleles in caucasians is also similar.

Meioses

Germline length mutations in VNTR loci have been en-
countered in human genealogy, and in some VNTR sys-
tems they have been shown to be especially high. Due to
this fact, the prerequisite of a number of meioses in a
polymorphism that is high enough to give a good estimate
of the mutation rate for paternity casework is even more
important for DNA polymorphisms.

Table 7 Forensic value of the STRs studied using various statisti-
cal parameters in the Galician population

Systems h PD CE

HUMTHO1 0.7859 0.9195 0.5737
HUMVWA31/A 0.8033 0.9308 0.6052
HUMF13A1 0.7475 0.8956 0.5226
HUMFES/FPS 0.6821 0.8392 0.4172
HUMLPL 0.7465 0.8932 0.5160

h: heterozygosity value, PD: power of discrimination, CE: chance
of exlusion
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In our case, no mutations were obtained in a total of 73
paternal meioses and 101 maternal meioses. Although the
number of meioses studied until now is too low to make
conclusions, the mutation rate seems to be reasonably low.

Parameters of medico-legal interest

Other statistics of genetic and medico-legal interest are
shown in Table 7.

The combined chance of exclusion is 0.97801, and the
combined discrimination power is 0.99999. Observed het-
erozygosity values show no significant differences with
expected values.

Electrophoretic behaviour

The electrophoretic mobility of the STRs included in this
work was tested in non-denaturing and denaturing poly-
acrylamide gels with different T and C values (T: 6%—
20%; C: 29%-5%). A 123bp ladder and a pBR322/Mspl
digest were used together with the allelic ladders of each
system to study the electrophoretic mobility.

“Normal electrophoretic behaviour” was defined to oc-
cur when the relative mobility of the allelic ladder frag-
ments stayed equal or nearly equal using different T and
C values. “Anomalous behaviour” was defined to occur
when changes in the T and C values were accompanied by
changes in the relative mobility of the allelic ladder frag-
ments. Temperature was strictly controlled in the elec-
trophoretic experiments because it influences the absolute
mobility but not the relative electrophoretic behaviour.

Normal electrophoretic behaviour was found in all the
systems studied with the exception of HUMF13A1 under
non-denaturing conditions. In this case, an extremely high
anomalous electrophoretic behaviour was found even if
we only changed the T proportions, leaving C values con-
stant. An example is shown in Fig. 2. The most plausible
explanation for the observed behaviour is that stable, local
distorsions of the DNA helix axis results in macroscopic

123 bp
{123 Ladder}

246 bp
{123 Ladder) 8-17 512 3.26 817 512 3.2:6
GENOTYPE

T:20%, C:2% T:7.5%, C:2%

Fig.2 Relative mobility of three HUMF13A1 genotypes in poly-
acrylamide gels with different T values under non-denaturing con-
ditions
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curvature when such distorsions are propagated in phase
with the helix repeat (Hagerman 1985).

The existence of anomalous electrophoretic mobility in
some DNA fragments has long been known (Mertz and
Berg 1974; Maniatis et al. 1975), especially in AT-rich
fragments (Marini et al. 1982; Stellwagen 1983). Anom-
alous migrations of artificial fragments with periodical
distribution of AT was reported by Hagerman (1985). In
human STRs, anomalous mobility has been found in the
ACTPB2 system (SE33) (Lareu et al. 1994a) and has
proved to be a problem for the forensic standardization of
this system (Gill et al. 1994; Moller and Brinkmann 1994).

Like SE33, HUMF13A1 is another AT-rich STR, con-
firming that changes in DNA conformations amenable
to producing noticeable changes in mobility are more
likely to be produced in AT-rich STRs. The mobility of
HUMF13A1 is, nevertheless, normal under denaturing
conditions. No significant differences in the relative mo-
bility were found using various gel compositions.

In our opinion, HUMF13A1 should only be used under
denaturing conditions for forensic purposes. If non-dena-
turing conditions were to be used, and the electrophoretic
conditions (T and C values, temperature, etc) were not
strictly standardized, different results would be expected
for the same sample in inter-lab comparisons. For this same
reason, population data obtained for this STR using non-
denaturing conditions should be considered with caution.

Double peaks

“Stutter” bands produced by slippage during PCR are typ-
ical of dinucleotides and have been reported for other
STRs but were not observed in this study.

Double peaks in HUMFES/FPS were observed in
some samples. The incomplete addition of an extra base
by the Taq polymerase enzyme at the end of the extension
is the most probable reason for this (Kimpton et al. 1993).
Some strategies have been considered for addressing this
problem (Kimpton et al. 1993) which, in any event, does
not represent a serious problem for typing.

Electrophoretic systems

Reliable results were found using discontinuous PAGE and
silver staining, especially for HUMTHO1 and HUMVWA31/
A and the use of an automated sequencer with fluorescent
technology has a number of advantages, mainly sensitiv-
ity, enhanced level of precision and accuracy.

Using the ALF sequencer, reliable results were ob-
tained from 0.1 ng of template DNA and 30 cycles. In or-
der to avoid non-specific amplification products and con-
tamination risks, Sng and 30 cycles is required for more
consistent STRs results. Similar results have been found
using other sequencers and different fluorochromes (Kimp-
ton et al. 1993; Frégeau and Fourney 1993).

The level of precision achieved with the sequencer was
similar to the data discussed in the literature with SDs be-
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tween 0.06 and 0.11 in intergel comparisons (data not
shown).

Other advantages of this technology have to do with
the routine processing of large numbers of DNA samples,
not only because of the capacity of the gel (40 samples)
but also because of the possibility of re-using the gel. Re-
liable results were obtained when using the gel a second
time with HydroLink matrix (AT Biochem), but although
there are no problems with re-using the gels in population
studies, more caution is required for forensic samples, and
is therefore not recommended. In addition, the sequencer
greatly facilitates the simultaneous detection of different
STRs after PCR multiplex amplification. Duplex amplifi-
cation of HUMTHO1-HUMFES/FPS and HUMVWA31/
A-HUMF13A1 has proved to provide good results. Using
duplex amplification no significant differences in peak
sizes were observed in 80 samples tested and, although
this population study was performed using only single-
plex amplification, we believe that these 2 duplexes can
be used with accuracy for fresh blood samples (i.e. pater-
nity cases).
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