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A b s t r a c t  Allele and phenotype frequencies for two 
tetranucleotide STR (short tandem repeat or microsatel- 
lite) systems, H U M v W F A 3 1 / A  and HUMF13A01 ,  were 
obtained f rom a sample o f  approximately 240 unrelated 
individuals randomly selected f rom the French Caucasian 
population. PCR (polymerase chain reaction) products 
were analysed on 6% polyacrylamide denaturing gels and 
visualized using fluorescently labelled primers on the au- 
tomated 373A ABI  D N A  sequencer (Applied Biosystems 
Inc.). French Caucasian allele frequencies were compared 
to other published Caucasian data. Conditions were opti- 
mised for the quadruplex PCR amplification of  these two 
STR loci together with the H U M F E S F P S  and HUMTH01  
loci and the quadruplex PCR was also performed on vari- 
ous forensic D N A  samples. 

Key  w o r d s  Population data • STR • Multiplex PCR • 
Fluorescence 

Introduction 

STR loci, consisting of  short repeated D N A  motives (2-6  
bp), provide small PCR products (100-500  bp) corre- 
sponding to discrete alleles, which are easily identified 
and differentiated by the number  of  their repeat units. 
STR loci show a greater sensitivity than variable number  
tandem repeat (VNTR) systems (Kimpton et al. 1993) as 
they are more tolerant of  degraded, small or mixed D N A  
samples. Because o f  their small allele size ranges, the mi- 
crosatellite loci can also be amplified simultaneously in a 
single tube as a multiplex PCR reaction (Lygo et al. 1994) 
thus improving the efficiency and the speed of  the analy- 
sis and consequently reducing costs. 

In order to apply these STR systems to forensic identi- 
fications or parental testing (Whitaker et al. 1995) in rou-  
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tine analyses, it was essential to determine the allele fre- 
quencies in the population of  interest. 

In a previous study using a manual  method we ob- 
tained French  Caucas ian  popula t ion  data for  H U M -  
F E S F P S  (FES) and H U M T H 0 1  (TH01)  STR loci 
(Pfitzinger et al. 1995). The use of  an automated ABI  
373A sequencer allowed us to obtain rapidly, through flu- 
orescent  duplex amplif icat ion,  the H U M v W F A 3 1 / A  
(vWF) and the HUMF13A01  (F13A) allele distributions. 
Finally, the fluorescent detection of  the quadruplex ampli- 
fied alleles (Robertson et al. 1991) at these four STR loci 
was developed and optimized for identification purposes. 

Materials and methods 

STR primer sequences 

The HUMTH01 (Polymeropoulos et al. 1991a), HUMFESFPS 
(Polymeropoulos et al. 1991b), HUMvWFA31/A (Kimpton et al. 
1992) and HUMF13A01 (Polymeropoulos et al. 1991c) primer se- 
quences were as described in the literature (Kimpton et al. 1993). 

Multiplex PCR mixtures 

Coamplification of the data base samples for vWF and F13A loci: 
the DNA extracted from approximately 240 blood samples of un- 
related randomly selected individuals was amplified in a 25 btl re- 
action mixture containing 20 ng of DNA, 1 × buffer (Gibco-BRL), 
1.5 mM MgCI2, 0.05% Tween, 200 gg/ml BSA (Gibco-BRL), 200 
BM each dNTP, 0.625 U Taq DNA-polymerase (Gibco-BRL), 
0.06 btM each vWF primer and 0.15 btM each F13A primer. For 
quadruplex amplification, the same conditions were used except 
for primer concentrations which were 0.2 gM each vWF and TH01 
primers, 0.25 gM each F13A primer and 0.5 btM each FES primer. 

PCR cycles 

Duplex and quadmplex amplifications were carried out in a Perkin 
Elmer Gene Amp PCR system 9600, for 28 cycles, as follows: 45 
s at 94°C, 30 s at 54°C and 30 s at 72°C. 

Polyacrylamide gel electrophoresis 

Of the PCR product 2 Ltl were loaded on a 6% denaturing poly- 
acrylamide gel as described in the ABI GENESCAN 672 software 
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user's manual and the fragment sizes determined automatically us- 
ing the same software. 

Detection 

In order to distinguish the overlapping alleles at the four STR loci 
analysed in the quadruplex PCR mixture, one of the two primers 
for each locus was labelled with the JOE or the FAM dyes (ABI) 
as described (Kimpton et al. 1993). The final allele designation 
was based on the conversion of base pairs into repeat units present 
in the amplified allelic fragment as proposed (DNA recommenda- 
tions 1994). 

Allelic ladders 

The designation was achieved against four allelic ladders corre- 
sponding to each STR system and run simultaneously on the same 
gel. TH01, FES, vWF and F13A allelic ladders consisting of se- 
quenced alleles were provided by the Forensic Science Service lab- 
oratory (Aldermaston, UK) as part of an EDNAP (European DNA 
Profiling group) inter-laboratory exercise (Kimpton et al. 1995). 

Statistical evaluations 

Evaluation of the Hardy-Weinberg (H-W) equilibrium was based 
on comparisons of observed and expected phenotypes, using the Z 2 
test (Schwartz 1963). For these calculations, phenotype classes 
with less than five expected events were pooled and the degrees of 
freedom (df) were calculated according to the formula (c-l-a) 
where c is the number of compared phenotype classes and a is the 
number of alleles appearing in the compared classes. Furthermore, 
the allele frequencies occurring in different Caucasian population 
samples were compared according to the alleles observed for each 
population sample and using a computer programme from G. Car- 
mody (Carleton University, Canada) calculating G-statistics values 
(i.e. likelihood-ratio test). The programme calculates the probabil- 
ity by generating 1000 random tables (Roff and Bentzen 1989), 
each having the same marginal totals as the observed tables. It also 
calculates the Z 2 and the G-statistics for the observed table and for 
all of the 1000 simulated tables, and gives the probability of ob- 
taining random tables that have larger Z 2 and G-statistics values 
than the observed table (Lewontin and Felsenstein 1965). This test 
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avoids combining data with less than five observations and toler- 
ates tables having cells with no observations. If the probability is 
less than 0.05, the data are not homogeneous enough to be grouped 
together. On the contrary, probabilities greater than 0.05 indicate 
that the data can legitimately be amalgamated. When the compari- 
son using the Z 2 and G-statistic tests showed heterogeneity, we 
performed the test again, but for combinations of two populations. 
An additional test concerns the comparison of each allele class 
separately for all the population samples of interest, in order to lo- 
calize the observations leading to heterogeneity. 

Results and discussion 

H U M v W F A 3 1 ] A  

The nine different vWF alleles (13-21) observed were 
unimodally distributed in the French population sample 
(n = 242) as already observed for other populations (Table 
1). The amplified allele sizes ranged from 135 to 167 base 
pairs (bp). The smallest allele observed migrated as allele 
13, containing 13 repeat units, whereas allele 11 observed 
in the Italian populat ion sample from Parma (Buscemi et 
al. 1995), was not detected in  our French sample (Table 
1). The largest allele observed migrated as allele 21. The 
three most  frequent alleles were alleles 16, 17 and 18 as 
already detected in the other populat ion samples (Table 1). 
Observed heterozygosity (0.81) and allelic diversity (h = 
0.81) were identical and the discr iminat ion power of the 
v W F  system in the French populat ion was 0.94. Accord- 
ing to the Z 2 test performed with the observed (Table 2) 
and expected phenotypes,  no significant  deviat ion from 
Hardy-Weinberg equi l ibr ium was found for our French 
Caucasian sample (Z2= 9.12; dr= 10; 0.50 < P < 0.90). 
On another hand, the homogenei ty  G-statistics test per- 
formed led to homogenei ty  for the 10 allelic distributions 
analysed and shown in Table 1 (Z2= 102.17; P = 0.06; G 
= 95.58; P = 0.07). 

Table 1 HUMvWFA31/A allelic distributions for ten Caucasian 
population samples. The allele size is indicated in base pairs (bp). 
The allele identity (ID) corresponds to the number of repeat units 
present in the amplified fragment and deduced from its size. n rep- 
resents the total number of alleles observed in each population 

sample. (a) M611er et al. 1994, (b) Sajantila et al. 1994, (c) Drozd 
et al. 1994, (d) Hochmeister et al. 1994, (e) Dupuy et al. 1993, (f) 
Lorente et al. 1994, (g) Buscemi et al. 1995 (Italy 1 = Ancona; 
Italy 2 = Parma), (h) Furedi et al. 1995. 

Allele Allele Allele frequencies 
size ID 
(bp) France Germany Finland UK Switzerland Norway Spain Italy 1 Italy 2 Hungary 

n = 4 8 4  n = 6 4 2  n = 3 5 0  n = 4 0 0  n = 2 0 0  n = 6 0 0  n = 2 4 0  n= 228  n = 1 9 4  n = 4 8 8  
(a) (b) (c) (d) (e) (f) (g) (g) (h) 

127 11 0 0 0 0 0 0 0 0 0,005 0 
131 12 0 0 0 0 0 0 0 0 0 0 
135 13 0,002 0,0047 0,003 0,0025 0 0 0 0 0 0 
139 14 0,103 0,11 0,12 0,13 0,1 0,088 0,163 0,096 0,077 0,115 
143 15 0,097 0,098 0,054 0,1025 0,095 0,087 0,129 0,074 0,123 0,125 
147 16 0,231 0,21 0,191 0,1775 0,225 0,22 0,208 0,197 0,175 0,195 
151 17 0,267 0,27 0,3 0,2675 0,29 0,27 0,242 0,28 0,314 0,277 
155 18 0,182 0,21 0,166 0,2 0,215 0,218 0,163 0,223 0,221 0,186 
159 19 0,101 0,77 0,14 0,1 0,06 0,088 0,096 0,096 0,072 0,086 
163 20 0,015 0,17 0,023 0,02 0,01 0,027 0 0,03 0,01 0,014 
167 21 0,002 0,016 0,003 0 0,005 0,002 0 0 0 0,002 
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Table 2 HUMvWA31/A ob- 
served phenotypes for the 
French Caucasian population 
sample, n is the total number 
of individuals in the sample 
and n corresponds to the num- 
ber of observations for each 
phenotype. Non-observed phe- 
notypes are not listed. 

Phenotypes 
ID 

n 

(n = 242) 

13-17 1 
14-14 3 
14-15 4 
14-16 11 
14-17 12 
14-18 11 
14-19 6 
15-15 2 
15-16 18 
15-17 10 
15-18 8 
15-19 3 
16-16 13 
16-17 30 
16-18 15 
16-19 10 
16-20 2 
17-17 18 
17-18 23 
17-19 14 
17 20 3 
18-18 8 
18-19 12 
18-20 2 
18-21 l 
19-19 2 

HUMF13A01 

The HUMF13A01 locus possesses a larger number of 
identified alleles compared to the vWF locus and to the 
TH01 and FES loci studied previously (Pfitzinger et al. 
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1995). Fifteen distinct F13A alleles ranging from 181 to 
235 bp were identified in this French population sample 
(n = 234) (Table 3). The smallest allele observed migrated 
as allele 3.2 and the largest allele observed migrated as al- 
lele 17. Alleles 2.2, 9 and 10 did not appear in our popu- 
lation sample. The five smallest alleles (3.2-7) were also 
the five most frequent alleles as observed for the Ameri- 
can, Swiss, German and Norwegian population samples 
(Table 3). The largest F13A alleles are rare and present at 
tess than 2%. Allele 2.2, never reported before, was ob- 
served in the Norwegian Caucasian population sample 
(Table 3). Alleles 9 and 10, absent from four Caucasian 
population samples (French, American, German and Nor- 
wegian), were reported for Afro-Carribbean (Kimpton et 
al. 1993) and black-American (Gill and Evett 1995) indi- 
viduals whereas allele 9 was observed once in the Swiss 
Caucasian sample. The observed heterozygosity (0.76) is 
very similar to allelic diversity (h = 0.77) and the discrim- 
ination power of the F13A system corresponded to 0.90. 
Observed (Table 4) and expected F13A French pheno- 
types did not deviate significantly from Hardy-Weinberg 
equilibrium (Z2= 8.85; df = 7; 0.20 < P < 0.30). The G- 
statistics test shows that the French, American, Swiss, 
German and Norwegian samples are not homogeneous 
(Z2= 77.61; P = 0.03; G = 80.03; P = 0.02). In fact, ac- 
cording to the values of the allele frequencies in the dif- 
ferent population samples reported in Table 3, this hetero- 
geneity may be due either to the under-representation of 
allele 3.2 or to the over-representation of allele 16 in the 
Swiss Caucasian population, which is also the smallest 
sample studied for the F13A locus. According to the G- 
test for each pair of population samples, it appeared that 
the Swiss allelic distribution is significantly different 
from the French, American and Norwegian ones but not 
from the German one (Table 5). Furthermore, the same G- 
test applied to each F13A allele class separately in the five 

Table 3 HUMF13A01 allelic 
distributions for five Caucasian 
population samples. The allele 
size is indicated in base pairs 
(bp). The allele identity (ID) 
corresponds to the number of 
repeat units present in the am- 
plified fragment and deduced 
from its size. n represents the 
total number of alleles ob- 
served in each population sam- 
ple. (a) Hammond et al. 1994, 
(b) Hochmeister et al. 1994, (c) 
Puers et al. 1993, (d) Dupuy et 
al. 1993. 

Allele Allele Allele Frequencies 
size ID 
(bp) France USA Switzerland Germany Norway 

n=468 n=348 n=198 n=326 n=600 
(a) (b) (c) (d) 

177 2.2 0 0 0 0 0,002 
181 3.2 0,098 0,083 0,02 0,055 0,077 
183 4 0,051 0,02 0,045 0,018 0,042 
187 5 0,229 0,192 0,202 0,187 0,184 
191 6 0,271 0,345 0,323 0,325 0,297 
195 7 0,306 0,325 0,354 0,359 0,354 
199 8 0,009 0,006 0 0,012 0,01 
203 9 0 0 0,005 0 0 
207 10 0 0 0 0 0 
211 11 0,002 0,003 0,015 0,003 0 
215 12 0,002 0 0 0,003 0,003 
219 13 0,005 0 0,005 0,009 0,003 
223 14 0,009 0,009 0 0,006 0,008 
227 15 0,01 0,017 0,01 0,012 0,017 
231 16 0,006 0 0,02 0,009 0,003 
235 17 0,002 0 0 0 0,002 



Table 4 HUMF13A01 ob- 
served phenotypes for the 
French Caucasian population 
sample, n is the total number 
of individuals in the sample 
and n corresponds to the num- 
ber of observations for each 
phenotype. Non-observed phe- 
notypes are not listed. 

Phenotypes n 
ID (n = 234) 

3.2-3.2 4 
3.2-4 2 
3.2-5 11 
3.2-6 11 
3.2-7 12 
3.2-16 1 
3.2-17 1 
4--4 1 
4-5 3 
4-6 2 
4-7 12 
4-12 1 
4-15 1 
4-16 1 
5-5 11 
5-6 30 
5-7 36 
5-8 1 
5-14 2 
5-15 2 
6-6 20 
6-7 40 
6-11 1 
6-14 2 
6-15 1 
7-7 20 
7-13 2 
7-15 1 
8-8 1 
8-16 1 

population samples studied led to homogenei ty  for all al- 
lele classes except for allele class 3.2 (G = 17.5210; p = 
0.0020). This result shows that the difference between the 
samples can be due to the sensitive variation in the occur-  
rence o f  allele 3.2 in the different samples (Table 3). 
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Quadruplex PCR at H U M T H 0 1 ,  HUMFESFPS ,  
H U M v W F A 3 1 / A  and HUMF13A01  loci 

The effects of  different D N A  concentrations or primer 
concentrat ions and of  cycling parameters were investi- 
gated and led to the final conditions described in material 
and methods for the amplification o f  a min imum of  20 ng 
of  DNA.  The efficiency of  the quadruplex amplification 
was verified on D N A  extracted f rom blood samples and 
on various forensic D N A  samples. The PCR products ob- 
tained f rom the D N A  of  a single individual purified from 
liver, spleen, kidney, lymph nodes, psoa muscles and heart 
and analysed on the same gel gave identical alleles, thus 
showing the reliability of  the system (data not shown). 
This quadruplex STR system has been very helpful in nu- 
merous routine forensic analyses where the low quantity 
or bad quality of  the D N A  gave negative results using the 
R F L P  technique. However ,  it appeared that with some 
contaminated and small D N A  samples, singleplex PCR 
can be a solution to the multiplex inhibition, and to type 
the STR systems that did not amplify in the quadruplex 
reaction mixture. Furthermore, the use o f  the Genescan- 
2500 Rox internal ladder (ABI),  containing large D N A  
fragments,  prevents two series o f  samples f rom being run 
successively on the same gel. We therefore decided to use 
a regular D N A  ladder with 25 bp gaps and consisting of  
smaller D N A  fragments up to 500 bp long (Hammond  et 
al. 1994). 

Conclusion 

Our previous study of  the HUMTH01  and H U M F E S F P S  
STR loci using manual  silver staining detection 
(Pf i tz inger  et al. 1995) was  extended in the present  
work  to automated multiplex f luorescence-based detec- 
tion of  two additional STR loci: H U M v W F A 3 1 / A  and 
HUMF13A01 .  Allele and phenotype frequencies for v W F  
and F13A loci were easily and rapidly determined by du- 
plex amplification o f  about 240 D N A  samples and were in 

Table 5 G-statistics values for F13A each possible combination of 
two population samples out of Caucasian 
the five population samples population 
studied for the HUMF13A01 data 
locus. S indicates that the dif- 
ference between the two allelic France 
distributions is statistically sig- 
nificant and ns indicates that 
the difference between the two 
allelic distributions is statisti- USA 
cally not significant. 

Switzerland 

Germany 

Norway Germany Switzerland USA 

g = 11.2975 
P = 0.7610 
n s  

g = 15.4684 
P = 0.4350 
n s  

g = 35.1072 
P = 0.0000 

g = 12.6931 
P = 0.6450 
n s  

g = 18.3428 
P = 0.1550 
a s  

g = 14.1633 
P = 0.3680 
n s  

g = 19.4847 
P = 0.1440 
n s  

g = 32.3467 
P = 0.0010 

g = 32.6704 
P = 0.0030 

g = 19.6501 
P = 0.1320 
n s  
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agreement  with Hardy-Weinberg equi l ibr ium expecta- 
tions. The amplif icat ion of STR loci, either singleplex or 
quadruplex, has been used for routine analysis,  in our lab- 
oratory, for almost one year and was very helpful in many  
cases where RFLP analyses gave negative results. In our 
laboratory, the current development  of addit ional mult i-  
plex PCR systems for other loci, such as D6S502, 
D18S5 l ,  D 2 1 S l l ,  H U M F I B R A ,  or amelogenin  for sex 
diagnosis (Urquhart  et al. 1995), will lead to a higher dis- 
cr iminat ion equivalent  to that obtained with RFLP tech- 
niques and single locus probes. 
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