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ABSTRACT: A prenatal paternity test was requested by a 30-year-old woman. Variable 
number of tandem repeat (VNTR) systems were used for DNA analysis by means of am- 
plification and electrophoresis followed by ethidium bromide staining or Southern blotting 
and oligonucleotide hybridization. Exclusion of paternity could be established on the basis 
of the great polymorphism and heterozygosity indexes of these genetic systems. This rapid 
method presents several advantages in contrast with other recombinant DNA techniques 
such as HLA class II oligotyping or RFLP. 
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The analysis of hypervariable sequences of human genome has shown VNTR (variable 
number of tandem repeat) regions as a powerful tool for paternity testing and forensic 
medicine [1,2]. These sequences consist of a tandem repeat of a common core unit and 
its polymorphism depends on the number of repeats. The collecting of great amounts of 
these highly polymorphic sequences can be approached by directed DNA amplification 
and fragment length analysis by electrophoresis (PCR-FLP), which show highly variable 
patterns for individuals according to codominant mendelian inheritance [3]. There are 
several well described VNTR systems developed by PCR methods using amplimers targeted 
to their conserved flanking regions: 33.6 [1], H-ras [4], pMCTll8 [5], 3'ApoB [6], 3'IL-6 
[7] and pYNZ-22 [8]. The allelism found in these genetic systems was high as well as their 
heterozygosity indexes, presenting an enormous value for individual identification [2]. 

This study reports the PCR-FLP analysis of six VNTR systems for paternity testing 
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on fetal chorionic villi obtained during the 16th week of gestation. Eventually, a definitive 
exclusion of paternity was achieved. 

Case History 

A paternity test was requested by a 30-year-old woman who had extramarital sexual 
relationships. Since her pregnancy, she was under significant psychological distress be- 
cause of doubts about the identification of paternity. 

Material and Methods 

Peripheral blood samples were collected from the mother and her extramarital partner. 
The husband's venopuncture could not be performed because of personal reasons. Cho- 
rionic villi were obtained by transabdominal fine needle aspiration with a yield of 30 
mg [9] of which half was processed for DNA analysis. DNA was isolated by standard 
phenol-chloroform extraction [10]. 

We synthesized primers by the phosphoramidite method designed to flank the repeti- 
tive units of the following VNTR loci: 33.6 [1], H-ras [4], pMCTll8 [5], 3'ApoB [6], 
3'IL-6 [7] and pYNZ-22 [8] and locus-specific oligonucleotide probes (LSO) for 33.6 
and H-ras. Sequences of both amplimers and LSO are shown in Table 1. 

PCR reactions were performed in a volume of 100 IxL (50 ILL for pMCTll8) ac- 
cording to the conditions shown in Table 2. The standard buffer contained a final con- 
centration of 50 mM KC1, 10 mM Tris- HC1 pH 8.3 and 0.2 mM each dATP, dCTP, 
dGTP and dTIT. 

33.6 and H-ras amplification products required Southern blotting transference [11] onto 
nylon membrane (Zeta-Probe, Bio-Rad, USA) and hybridization after electrophoresis in 
1% agarose gels. The membrane was prehybridized at 65~ in 5X SSC (1X SSC = 0.15 
M NaCI, 0.015 M Na-citrate), 20 mM Na-phosphate pH 7.0, 10X Denhardt's (IX Den- 
hardt's = 0.02% Ficoll, 0.02% Polyvinylpyrrolidone, 0.02% BSA), 5% SDS, 100 p~g/mL 
salmon sperm DNA (sonicated and denatured) for 1 hour and subsequently hybridized 
with 1 • 10 6 cpm/mL of 5'-end 3zP-labeled locus- specific oligouucleotide probe over- 
night at 65 ~ C with the same prehybridization solution. The membrane was washed twice 
with 6X SSC for 30 min at room temperature and autoradiographed with intensifying 
screens (Lightning Plus, Dupont, USA) for 1 to 3 h at -80~ and X- OMAT XAR-5 
Kodak films. 

PCR products of the other systems were electrophoresed in 10% Polyacrylamide 
(pMCTll8) or 3% agarose gels (pYNZ-22, 3'ApoB, 3'IL-6). Polyacrylamide electro- 
phoresis was performed in 89 raM/1 Tris-HC1, 89 mM/1 borate, 2 mM/1 EDTA (pH = 
8.0) TBE buffer for 1800 Vh, and agarose electrophoresis 40 mM/1 Tris-HC1, 40 mM/1 
Acetic acid, 2 mM/1 EDTA (pH = 8.0) TAE buffer at 5 V/cm for 3 h. Gels were sub- 
sequently stained with ethidium bromide (0.5 ~g/mL) for 20 to 25 min, destained in 
water for 15 min to hours and photographed by ultraviolet (UV) transillumination. 

Results and Discussion 

Four out of the six genotyped VNTR systems produced paternity exclusion of the 
extramarital partner. This fact would make it unlikely that mutations could be the cause 
for exclusion. 

Autoradiographs from H-ras and 33.6 systems showed exclusion only for H-ras (Fig. 
1A). pMTCll8 also showed exclusion (Fig. 1B) as well as pYNZ-22 and 3'IL-6 systems 
did (Fig. 1C). 3'ApoB VNTR, like 33.6, did not reject paternity. In the four exclusion 
cases there were fetal alleles not present in either the alleged father or in the mother 
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FIG. 1 - -A .  Alleles seen by PCR-FLP (autoradiography) for 33.6 (lanes 1, 2, 3) and H-ras 
(lanes 4, 5, 6) VNTR. Lanes 1 and 4 correspond to the mother; lanes 2, 5 are from the chorionic 
villi sample; and lanes 3, 6 from the alleged father. Exclusion of paternity could be only obtained 
for H-ras system. B. DIS80 typbzg of amplified DNA from alleged father (lane 2), chorionic villi 
(lane 3) and mother (lane 4) after PAGE and ethidium bromide staining. Lane 1 corresponds to a 
molecular weight marker (dPX-174 DNA digested by Hae /11). Exclusion of paternity can be clearly 
seen. C. Typing for 3'ApoB (lanes 2, 3, 4), 3'IL-6 (lanes 5, 6, 7) and pYNZ-22 (lanes 8, 9, 10) on 
agarose electrophoresis. Lanes 2, 5, 8 correspond to the chorionic villi DNA; lanes 3, 6, 9 to the 
mother; lanes 4, 7, 10 to the alleged father; and lanes 1, 11 to r digested by Hae IlL 
Exclusion of  paternity was only seen for pYNZ-22 and 3'/[.-6 VNTR systems. 
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genotype. No extra bands were observed on any amplified VNTR loci from fetal DNA 
so that the presence of maternal cells within the chorionic villi sample can be excluded. 

Amplification procedures on VNTR systems must be standardized not only for Mg2 
+ /dNTP concentrations, and pH of the reaction mix, but that template DNA concentra- 
tion should also be considered. In this respect, we have found that the amount of DNA 
may be critical in order to get successful results, where low quantities (50 to 100 ng) 
improved them and an excess (0.5 to 1 p,g) would give no amplification (data not shown). 

In conclusion, this case supports VNTR analysis as a powerful tool for prenatal pa- 
ternity testing [12] because definitive and rapid exclusion could be achieved. At the same 
time, this method presents the advantage that DNA amplification allows testing with 
lower amounts of DNA obtained from almost any biological specimen, including non 
fresh samples in which DNA could be highly fragmented. Furthermore, it also has a 
higher level of resolution between alleles than any RFLP technique. In the future it will 
be possible to design multiplexed PCR in order to carry out a number of VNTR systems 
together, and the use of much less DNA (1 to 10 ng) in the PCR reaction. 

For prenatal paternity testing an approach through HLA class II oligotyping can also 
be nicely tried. Nevertheless, the use of a high number of probes when a fine specificity 
is desired, apart from crossreactivity in certain cases or the presence of new alleles, 
establishes some degree of disadvantages. 
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