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S u m m a r y .  We have used PCR amplification to analyse 
the allele frequency, distribution and heterozygosity of 5 
microsatellite markers (D1Sl17, D6S89, DllS35, APOC2, 
and D21S168), in a sample of 100 unrelated Spanish in- 
dividuals. The loci tested exhibit wide allelic variability 
having 7-17 alleles, PIC (polymorphic information con- 
tent) between 0.79 and 0.86, and heterozygosity between 
0.81 and 0.86. D1Sl17 and D21S168 have unimodal dis- 
tribution, APOC2 has 4 common alleles which account 
for 71% of the total variation, DllS35 has a bimodal dis- 
tribution and D6S89 is trimodal. The allelic distribution 
observed for each locus is in agreement with slippage 
and mispairing as the main mechanisms involved in the 
evolution of microsatellite alleles. Multiplex amplifica- 
tion of loci D6S89 and APOC2 was possible due to their 
non-overlapping allele sizes. The rapidity with which 
microsatellites can be analysed, and the accurate deter- 
mination of alleles, make these markers very powerful 
tools for genetic typing. The information obtained for 
loci DISl17, D6S89, DllS35, APOC2, and D21S168, 
provides a basis for their use for DNA typing and pater- 
nity analysis in the Spanish population. 

K e y  words:  Microsate l l i tes  - V N T R  - Paternity testing - 
Polymorphisms 

Z n s a m m e n f a s s u n g .  Wir haben die PCR-Amplifikation 
angewandt, um die Allel-Hfiufigkeit, die Allel-Vertei- 
lung und die Heterozygotie bei 5 Mikrosatelliten-Markern 
(DISl17, D6S89, DllS25, APOC2 and D21S168) in ei- 
ner Stichprobe von 100 unverwandten spanischen Perso- 
nen zu untersuchen. Die untersuchten Loci zeigen eine 
breite Allel-Variabilitfit mit H~iufigkeiten zwischen 7 
und 17 Allelen, einem PIC (polymorpher Informations- 
gehalt) zwischen 0,79 und 0,86 und einer Heterozygotie- 
Rate zwischen 0,81 and 0,86. D1Sl17 und D21S168 ha- 
ben eine unimodale Verteilung, APOC2 hat vier hgufige 
Allele, welche 71% der gesamten Variation ausmachen, 
DllS35 hat eine bimodale Verteilung und D6S89 ist tri- 
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modal. Die Allel-Verteilung, wie sie fiir jeden Locus be- 
obachtet wurde, stimmt mit der Annahme tiberein, dal3 
,,Slippage" und Fehlpaarung die Hauptmechanismen sind, 
welche in der Evolution der Mikrosatelliten-Allele invol- 
viert sind. Die Multiplex-Amplifikation der Loci D6S89 
und APOC2 war m6glich aufgrund ihrer nicht-tiberlap- 
penden Allel-Gr6gen. Die Geschwindigkeit, mit welcher 
die Mikrosatelliten analysiert werden k6nnen und die 
genaue Bestimmung der Allele machen diese Marker zu 
mfichtigen Werkzeugen ft~r genetische Typisierung. Die 
Informationen, welche ftir die Loci DISl17, D6S89, 
DllS35, APOC2 und D21S168 erhalten wird, schafft 
eine Basis ffir ihre Anwendung bei der DNA-Typisie- 
rung und bei der Vaterschaftsanalyse in der spanischen 
Bev61kerung. 

Schli isselw6rter: Mikrosatelliten - VNTR - Vaterschafts- 
untersuchung - Polymorphismen 

Introduct ion  

Tandem repeat DNA sequences exhibit variation in the 
number of repeat units. This length variability has been 
found for long repeats (Motulsky 1988), for sequences of 
between 6 and 80 base pairs (bp) known as minisatellites 
(Jeffreys et al. 1985) or VNTRs (variable number of tan- 
dem repeats) (Nakamura et al. 1987), and for short re- 
peat sequences between 1 and 5bp (Smeets et al. 1989; 
Tautz 1989; Weber and May 1989). These short tandem 
repeats  (STRs), variable number of tandem/dinucleo- 
tide repeats (VNTRS/VNDRs), or microsatellites, have 
been found to be highly polymorphic (Weber and May 
1989; Smeets et al. 1989; Litt and Luty 1989). These STR 
sequences are repetitions of dinucleotides (e.g. CA/GT, 
TC/AG, TA/AT), trinucleotides (e.g. TTA/AAT), or 
tetranucleotides (e.g. AATC/TTAG, GATC/CTAG) 
(Dryja et al. 1989; Litt and Luty 1989; Economou et al. 
1990; Edwards et al. 1991). 
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Table 1. Polymorphic dinucleotide repeat 
loci analysed 
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Locus Chromosome Repeat PCR primers 
location sequence 

D1Sl17 1@3-@5.1 (TG)21(AG)10 

D6S89 6p (AC)14 

DllS35 11q22 (GT)17 

APOC2 19q12-q13.2 (TG)21(AG)7 

D21S168 21@2.3 (GT)~9 

5'-CCTTTTGCCTCCTTCGT 
5'-CTCATTTACAATAGCTACC 

5'-CTTGTTCATCTGCCTTGTGC 
5'-ACCTAAGCGACTGCCTAAAC 

5'-ACAATTGGATTACTACTAGC 
5'-TGTATTTGTATCGATTAACC 

5'-CATAGCGAGACTCCATCTCC 
5 '-GGGAGAGGGCAAAGATCGAT 

5'-ATGCAATGTI?ATGTAGGCTG 
5'-CGGCATCACAGTCTGATAAA 

The C A / G T  dinucleotide is one of the most  commonly  
analysed microsatell i te sequences.  The  molecular  nature  
of  these repeats  has been  classified into 3 groups:  per- 
fect, imperfect ,  and c o m p o u n d  sequences,  depending  on 
the percentage  of  the C A / G T  repeat  core  (Weber  et al. 
1990a, b). Heterozygosi t ies  for microsatelli te loci are 
usually higher than 75% and, on average,  they detect  
more  than 6 alleles, making them excellent D N A  mark-  
ers for the diagnosis of  genetic diseases. 

A l though  V N T R  markers  are now being widely used 
for popula t ion  genetics,  including personal  identification 
and forensics (Budowle  et al. 1991), they have several 
l imitations due to the difficult de terminat ion  of  allele 
sizes by Southern  blotting, and the amplifications of  large 
f ragments  for  P C R  (Jeffreys et al. 1988). Such problems 
do not  seem to occur  with microsatelli tes,  as allele deter-  
minat ion is pe r fo rmed  at the sequence level. 

We  have used P C R  to analyse the allele f requency  
distribution and heterozygosi ty  of  5 microsatell i te mark-  
ers, located on ch romosomes  1 (D1Sl17) ,  6 (D6S89),  11 
( D l l S 3 5 ) ,  19 (APOC2) ,  and 21 (D21S168),  in a sample 
of  100 unre la ted  Spanish individuals. The  loci tested 
exhibit wide allelic variability having 7 - 1 7  alleles and 
heterozygosi t ies  higher than 80%. The  allelic distribu- 
t ion obta ined  here,  provides  the basis for the use of  
these markers  as tools for D N A  typing and paterni ty  
analysis in the Spanish populat ion.  

Materials and methods  

High molecular weight DNA was obtained from l0 ml of EDTA 
peripheral blood, from 100 unrelated healthy individuals from dif- 
ferent parts of Spain. The subjects were the partners of patients 
analysed for different genetic disorders, and consent for genetic 
analysis was obtained. 

The oligonucleotides flanking the repeat blocks used for PCR 
analysis (Saiki et al. 1988), were obtained using an Applied Biosys- 
tems 391 DNA Synthesiser. Table 1 lists the primer sequences 
used to amplify the 5 loci: D1Sl17 (Sharma and Litt 1991), D6S89 
(Litt and Luty 1990), DllS35 (Littet al. 1990), APOC2 (Weber 
and May 1989), and D21S168 (Guo et al. 1990). 

For each locus PCR was performed using 200 ng of genomic 
DNA, 200 gM each of dATP, dCTP, dGTP, and dTTP, 10 pmol of 

one primer, 1.5 pmol of the other primer, end-labelled with [3'- 
32p]ATP, 50 mM KC1, 10 mM Tris (pH 8.3), 1.5 mM MgC12, and 1 
unit of Taq DNA polymerase (Perkin-Elmer-Cetus) in a total vol- 
ume of 25 gl. End-labelling of primers was performed as described 
(Morral et al. 1991) with 30 pmol of primer, 20 gCi [~-32P]ATP 
(3000 Ci/mmol) and 5 units of T4-polynucleotide kinase. 

PCR was performed for 30 cycles, at 94°C for 15 s; annealing at 
50°C for DllS35, 52°C for DISl17, 59°C for APOC2 and 
D21S168, and 63°C for D6S89, for 40s; extension at 74°C for 
1rain, utilising a Thermal Cycler (Perkin-Elmer-Cetus 9600). An 
initial incubation step at 94°C for 5 min, and a final incubation step 
at 74°C for 10 min were performed. A 2 gl aliquot of the reaction 
products was mixed with 2 gl formamide stop solution (U.S. Bio- 
chemical Corp.), loaded onto a 6% polyacrylamide gel, and elec- 
trophoresed at 1500 V for 2-4h. The dried gels were exposed to 
radiographic films for periods ranging from 20 min to overnight. 

Multiplex amplification of loci D6S89 and APOC2 was per- 
formed. In this case annealing was 59°C for 40 s, and elongation 
was i min at 74°C. End-labelling of both primers was performed in 
the same reaction. The size of the alleles was determined using size 
standards created by dideoxy sequencing ladders, using M13-mp18 
as template. 

The number of possible genotypes was calculated as follows: k 
being the number of alleles observed, and the number of possible 
genotypes being k(k + 1)/2. Expected heterozygote (H) frequen- 
cies were calculated as follows: 

K 

H = n[1 - )_~(nJn)2]/(n - 1), 

] = 1  

where nl . . . . .  nk correspond to K alleles in a sample of n genes. 
Standard errors (SE) of allele frequencies were l/f(1 - f)/2N, and 

• of heterozygosity H were l/f(1 - f)/N, where f is the frequency and 
N is the number of individuals sampled (Nei 1978; Chakraborty et 
al. 1988; Edwards et al. 1992). PIC (polymorphic information con- 
tent) was calculated according to Botstein et al. (1980): 

n n - 1  

2 2 P I C =  1 -  p 2 _  2PiPj  

1 i = 1  j = i + l  

Results 

To determine  allelic variat ion for the 5 microsatelli te 
markers  in the Spanish popula t ion  we amplified D N A  
f rom 100 individuals. Mendel ian  inheri tance of  alleles 
was established by the analysis of  m o r e  than 30 meioses 
for  each locus. Once  individual genotypes  were  deter-  
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mined for a wide range of alleles, these samples were 
then used as allele markers. Figure 1 shows the analysis 
of 10 unrelated individuals with 3 of the 5 loci analysed 
(D6S89, APOC2, and D21S168). 

Figures 2-4 show the allele frequency distribution for 
the 5 loci analysed in this work. Both DISl17 (12 alleles) 
and D21S168 (7 alleles) (Fig. 2) have a unimodal distribu- 
tion, with the most common alleles being 122 bp and 114 
bp for D1Sl17 (0.34) and D21S168 (0.29), respectively. 

The APOC2 locus has 4 common alleles which ac- 
count for about 71% of the total variation, and which 
vary in size by one dinucleotide (Fig. 3). 

The DllS35 locus has 8 alleles showing a bimodal dis- 
tribution, each mode differing by 2-4 dinucleotides. The 
D6S89 locus has 12 alleles, the two commonest alleles 
being 197 bp and 185 bp (Fig. 4). 

Allele frequencies, heterozygosity, calculated stan- 
dard errors and PIC for each locus, and the previously 
described allelic distributions, are given in Tables 2-6. 
PICs were between 0.79 and 0.86, and expected hetero- 
zygosities were between 0.81 and 0.86. The population 
sample is a good representation for Spain, with no differ- 
ences in allelic distributions compared with other popu- 
lation samples. The observed heterozygosities in the an- 
alysed sample were not significantly different from ex- 
pected values. Multiplex PCR of loci D6S89 and APOC2 
is shown in Fig. 5. 

149 149 161 149 163 
143 127 143 161 161 

b 143 149 163 161 161 
143 127 143 143 143 

1 2 3 4  
D21 $168 

5 6 7 8  9 1 0  

116 114 118 116 116 
106  1 1 0  1 1 4  1 1 2  1 1 0  

1 1 6  1 1 4  1 1 0  1 1 2  1 1 4  
C 116 11o lOe 106 112 

Fig. l a - e .  Analysis of PCR-amplified products containing micro- 
satellite sequences at loci D6S89 a, APOC2 b, and D21S168 c. 
Lanes 1 to 10 are unrelated individuals. Genotypes for each locus 
are shown at the bot tom of each figure, and are indicated as base 
pairs (bp) 
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Fig.2a,  b. Frequencies of alleles at DIS l17  a and D21S168 b loci 
in the Spanish population. The genotypes of 100 individuals were 
determined. Alleles are the number  of base pairs (bp) as in Tables 
4 and 6 
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APOC2 
19q13.2 

25 

2O 

15 

10 

5 

0 
171 185 18"~ 159 157 155 153 151 149 147 145 143 141 189 137 135 127 

Fig. 3. Frequencies of alleles at locus APOC2 in the Spanish popu- 
lation. The genotypes of 100 individuals were determined. Alleles 
are the number of base pairs (bp) as in Table 3 
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Fig. 4a, b. Frequencies of alleles at D6S89 a and Dl lS35 b loci in 
the Spanish population. The genotypes of 100 individuals were de- 
termined. Alleles are the number of base pairs (bp) as in Tables 2 
and 5 

Discussion 

DNA analysis has provided a powerful method for ge- 
netic typing, paternity testing, and identification of indi- 
viduals (Balazs et al. 1989; Budowle et al, 1991). The 
analysis of DNA polymorphisms by Southern blotting 

Table 2. Allele frequency distribution, heterozygosity and PIC for 
locus D6S89 

Allele Frequency _+ Reported a HT PIC 
bp Standard error frequency 

209 0.000 + 0.000 0.004 0.86 _+ 0.035 0.86 

207 0.083 _+ 0.019 0.056 

205 0.120 _+ 0.023 0.139 

203 0.083 _+ 0.019 0.070 

201 0.047 + 0.015 0.070 

199 0.120 _+ 0.023 0.123 

197 0.224 _+ 0.029 0.196 

195 0.026 _+ 0.010 0.024 

193 0.031 _+ 0.012 0.020 

191 0.036 +_ 0.014 0.029 

189 0.000 + 0.000 0.016 

187 0.005 + 0.005 0.004 

185 0.198 + 0.028 0.245 

179 0.021 _+ 0.010 0.004 

a Zoghbi et al. 1991 

Table 3. Allele frequency distribution, heterozygosity and PIC for 
locus APOC2 

Allele Frequency + Reported a HT PIC 
bp Standard error frequency 

171 0.005 + 0.005 0.000 0.85 + 0.035 0.85 

165 0.005 + 0.005 0.002 

161 0.005 + 0.005 0.002 

159 0.015 + 0.008 0.002 

157 0.009 + 0.007 0.025 

155 0.109 + 0.022 0.110 

153 0.168 + 0.026 0.150 

151 0.188 + 0.027 0.170 

149 0.238 + 0.030 0.260 

147 0.025 + 0.010 0.020 

145 0.020 + 0.008 0.005 

143 0.064 + 0.016 0.040 

141 0.005 + 0.005 0.000 

139 0.005 + 0.005 0.000 

137 0.005 + 0.005 0.002 

135 0.059 _+ 0.016 0.095 

131 0.000 + 0.000 0.002 

127 0.069 + 0.017 0.120 

a Fornage et al. 1992 

and, in particular, the multilocus minisatellites and single 
locus multi-allelic VNTR (variable number of tandem 
repeat) systems, do not provide an accurate and unam- 
biguous estimation of the size of DNA fragments (Balazs 
et al. 1989). In addition, the low power of resolution for 
fragments differing by only one repeat unit might be re- 
sponsible for excess of homozygosity observed for some 
VNTRs (Devlin et al. 1990). As the measurement error 
is greater than the repeat unit size, it is difficult to re- 
solve discrete alleles and hence the real allele frequen- 
cies in the population. Therefore, a 2.5% window of the 
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Table 4. Allele frequencies, heterozygosity and PIC for locus 
DISl17 

Allele Frequency ± Reported a HT PIC 
bp Standard error frequency 

134 0.000 ± 0.000 (0.018) 0.83 ± 0.038 0.811 
128 0.018 ± 0.010 (0.036) 
126 0.111 ± 0.023 (0.054) 
124 0.149 ± 0.026 (0.125) 
122 0.347 ± 0.036 (0.357) 
120 0.149 ± 0.026 (0.214) 
118 0.049 ± 0.016 (0.018) 
116 0.049 ± 0.016 (0.036) 
114 0.031 ± 0.013 (0.071) 
112 0.062 ± 0.018 (0.036) 
108 0.006 ±0.006 (0.000) 
104 0.006 ±0.006 (0.000) 
102 0.018 ± 0.010 (0.036) 

a Sharma and Litt 1990; ( ) ,  
not correspond (132-100bp) 
zygosity 

frequencies for allele sizes which do 
to thosereported here; HT, hetero- 

Table 5. Allele frequencies, heterozygosity and PIC for locus 
DllS35 

Allele Frequency ± Reported a HT PIC 
bp Standard error frequency 

172 0.011 ± 0.007 (0.00) 0.84 ± 0.037 0.828 
170 0.094± 0.021 (0.12) 
168 0.217 ±0.030 (0.26) 
166 0.217 ± 0.030 (0.15) 
164 0.089 ± 0.020 (0.12) 
162 0.172 ± 0.027 (0.18) 
160 0.172 ± 0.027 (0.18) 
158 0.028 ± 0.012 (0.00) 

Litt et al. 1990; ( ) ,  frequencies for allele sizes which do not cor- 
respond (152-162 bp) to those reported here; HT, heterozygosity 
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Table 6. Allele frequencies, heterozygosity and PIC for locus 
D21S168 

Allele Frequency ± Reported a HT PIC 
bp Standard error ~equency 

120 0.000 ± 0.000 (0.047) 0.81 ± 0.041 0.794 
118 0.074 ± 0.018 (0.063) 
116 0.227 ± 0.030 (0.25) 
114 0.306 ± 0.033 (0.34) 
112 0.198 ± 0.028 (0.22) 
110 0.090± 0.021 (0.047) 
108 0.011 ±0.007 (0.016) 
106 0.090 ± 0.021 (0.016) 

Guo et al. 1990; ( ) ,  frequencies for allele sizes which do not cor- 
respond (104-118 bp) to those reported here; HT, heterozygosity 

D 6 S 8 9  

- - 2 0 3  

_ 1 9 7  
- - 1 9 5  

- - 1 8 5  

- - 1 5 5  
- - 1 5 3  

A P O C 2  _iN - - 1 4 7  

mean  of  2 f ragment  sizes has to be used to ove rcome  the 
difficulty of  size meas u rem en t  in V N T R  loci for genetic  
typing (Budowle  et al. 1991). 

The  analysis of  STRs or  microsatell i te alleles, which 
is pe r fo rmed  using high resolut ion sequencing gel elec- 
t rophoresis ,  gives an accurate  and independen t  determi-  
nat ion of  allele sizes, which is not  normal ly  possible for 
multi-allelic markers  analysed by Southern  blott ing (Jef- 
freys et al. 1991). As  microsatelli tes are analysed using 
PCR,  D N A  typing has become  much  quicker allowing 
degraded  material  to be analysed. 

We have selected 5 microsatelli te markers  on the 
basis of  their heterozygosi ty ,  their local±sat±on on differ- 
ent  ch romosomes  and their feasibility for rapid analysis 
using PCR.  The  data ob ta ined  has al lowed us to detect  
heterozygosi t ies  higher  than 80% for each marke r  and a 
range of  alleles be tween  102 and 207 bp. The  amplifica- 
tion of  f ragments  with non-over lapping  allele sizes al- 
lows the s imultaneous analysis of  several loci (Fig. 5). 
A l though  a duplex analysis is shown here,  triplex and 

o o - - 1 3 5  

Fig. 5. Multiplex DNA typing of loci D6S89 and APOC2. Simul- 
taneous amplification and electrophoresis of both loci was per- 
formed as described (see text). Lanes 1-5 are from unrelated indi- 
viduals. Genotypes for both loci are shown at the bottom of the 
figure 

multiplexing of  5 loci could easily be pe r fo rmed  (Cham- 
berlain et al. 1988; Edwards  et al. 1991; Morra l  and Es- 
tivill 1992). The  use of  f luorescently labelled pr imers  and 
an automat ic  D N A  sequencer  allows the analysis of  sev- 
eral loci in a single exper iment  (Smith et al. 1986). 

The  informat ion obta ined for the loci D1Sl17 ,  D6S89, 
D l l S 3 5 ,  A P O C 2 ,  and D21S168, provides  the basis for 
genetic typing in the Spanish popula t ion ,  as well as a bet-  
ter est imation of  the allele sizes and frequencies of  these 
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markers  in the general Caucasian population. It  is in- 
teresting to note that only the data obtained for APOC2  
and D6S89 (Tables 2 and 3) are in agreement  with some 
previously reported allele frequencies (Zoghbi et al. 
1991; Fornage et al. 1992), whereas for the other mark-  
ers we have found several discrepancies. 

The allele sizes detected for D6S89 are between 207 
bp and 179 bp, whereas they were originally reported to 
be between 227 bp and 199 bp (Litt and Luty 1990). The 
discrepancy cannot be explained by the population back- 
ground (both are Caucasians), or by the small sample 
size of the original study as the distribution of common 
alleles was completely different. A recent study of D6S89 
in autosomal dominant spinocerebellar ataxia families 
and in C E P H  families (Zoghbi  et al. 1991) gave an allele 
distribution between 209 bp and 179 bp, with allele fre- 
quencies that match the data obtained here. The discre- 
pancy in the initial report  could be due to a sizing differ- 
ences using Sau3A fragments of pBR322 as size markers  
(Litt and Luty 1990), instead of a M13 sequence ladder, 
as used here and in the study by Zoghbi et al. (1991). A 
similar explanation accounts for D l lS35 ,  with alleles in 
the range 172bp-158bp  in our sample, and 162bp-152 
bp in the previously described 17 unrelated individuals 
(L i t t e t  al. 1990) (Table 5). 

For the other two loci (DIS l17  and D21S168) the dis- 
crepancies are less critical. The common alleles in our 
samples correspond in both cases with a lower band in 
the original description. We have adapted the previously 
described allele sizes to our data for comparison pur- 
poses only (Tables 4 and 6). 

The distribution of alleles for the 5 microsatellites 
analysed here may provide interesting insights into the 
origin of these polymorphisms.  Additions or deletions of 
one or two repeat  units or small addition/deletion events 
(SADE)  and deletions of more  than two repeat  units, or 
long deletion events (LDE),  (Levinson and Gutman 1987; 
Freund et al. 1989) are involved in the wide spectrum of 
microsatellite alleles (Morral  et al. 1991). Due  to D N A  
replication errors, S A D E  may be responsible for alleles 
detected at loci D1Sl17,  and D21S168, and for the ma- 
jority of alleles at the other 3 loci, whereas L D E  could 
be responsible for some alleles at loci D6S89, D l lS35 ,  
and APOC2.  

Microsatellites have several advantages compared  to 
"classical" VNTRs.  The abundance and even distribu- 
tion throughout the genome of microsatellites and their 
suitability for PCR analysis with a range of easily ampli- 
liable allele fragments,  avoids some of the problems ob- 
served with VNTRs  when analysed by PCR (Sajantila et 
al. 1992). In addition, the simultaneous analysis of sev- 
eral microsatellites improves the rapidity of typing ex- 
periments.  The difficulty in reading that sometimes oc- 
curs for microsatellite dinucleotide markers  does not 
seem to be a problem in genetic typing for linkage analy- 
sis, genetic diagnosis or paternity testing. However ,  the 
problem of clarity in the scoring of these markers  could 
make their use in forensic identification difficult when 
mixed samples are analysed. For these situations, the 
use of  trimeric or tetrameric tandem repeat  markers  pro- 
vide a more  useful tool, which helps to overcome the 

limitations of V N T R  markers  in reading real and appar- 
ent homozygotes  in either PCR or Southern blotting an- 
alysis. 

Before new markers  can be applied to genetic typing 
they need to thoroughly analysed in the different popu- 
lations. This study provides the basis for paternity test- 
ing and identification using microsatellites in the Spanish 
population. The rapidity with which microsatellites can 
be analysed and the accurate determination of alleles, 
make these type of markers  very powerful tools for D N A  
typing. 
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