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Summary. VNTR polymorphisms were investigated for 
the possible individualisation of human urine samples 
with reference to doping cases in sport. Investigations 
were carried out with the RFLP single locus system 
YNH24/Hinf I and the PCR-VNTR systems Apo  B and 
COL2A1 (AMPFLPs) as well as SE 33 and TC 11 (STRs). 
Urine samples were tested using 3 different volumes 
(10 ml, 1 ml and 0.1 ml) after 2 days and 2-5  weeks stor- 
age at 4°C. Positive results were obtained for STR sys- 
tems in all cases and with the smallest volume of urine 
tested (0.1 ml). The AMPFLP systems gave positive re- 
sults in 4 out of 8 (Apo B) and 5 out of 8 (COL2A1) 
samples and YNH24 was successful in i out of 3 samples. 
Negative results were obtained for the AMPFLP systems 
and YNH24 after longer storage periods whereas the 
STRs were positive. 

Key words: D N A  polymorphism - Short tandem repeats 
(STRs) - Urine 

Zusammenfassung. Zur Individualisierung menschlicher 
Urinproben - in Anlehnung an Dopingf~ille im Sport - 
wurden VNTR-DNA-Polymorphismen untersucht. Der  
Nachweis erfolgte mit dem Single-locus-System YNH24/ 
Hinf I (RFLP-Technik) und den PCR-VNTR's  Apo B 
und COL2A1 (AMPFLP's )  sowie SE 33 and TC 11 
(STR's). 20 Urinproben (3 unterschiedliche Extraktions- 
volumina: 10ml - l m l  - 0.1ml) wurden nach (1) 2 Ta- 
gen Lagerung und (2) nach 2-5  w6chiger Lagerung bei 
4°C typisiert. Die STR-Systeme fiihrten bei 2 Tage alten 
Urinproben in allen Ffillen zu positiven Ergebnissen (mi- 
nimales Urinvolumen: 0.1 ml), die AMPFLP ' s  in 4 von 8 
(Apo B) bzw. 5 yon 8 (COL2A1) F~illen; der Nachweis 
mit YNH24 gelang in 1 von 3 F~illen. Die mehrwOchig 
gelagerten Urinproben konnten weder mit YNH24 noch 
mit AMPFLP ' s  typisiert werden. Mit STR's hingegen 
verliefen auch diese Nachweisversuche positiv. 

Schliisselw/irter: DNA-Polymorphismus - Short tandem 
repeats (STR's) - Urin 

Introduction 

In connection with discussions on possible doping cases 
in sport the question has arisen, whether D N A  polymor- 
phisms are applicable to the individualization of human 
urine samples. A pilot study has been performed to eval- 
uate this problem. 

Materials and methods 

DNA was extracted in parallel from i to 2-day-old blood and urine 
samples taken from 20 individuals of both sexes. The sediment 
from the urine samples was extracted using phenoldiehloromethane 
after lysis with proteinase K (Brinkmann et al. 1991). Urine sam- 
ple sizes of 10, 1 and 0.1 ml were investigated and the amount of 
extracted DNA was measured fluorimetrically (Sambrook et al. 
1989). DNA typing was carried out using one selected single locus 
system (YNH24/Hinf I, Nakamura et al. 1987) as described previ- 
ously (Rand et al. 1992a), two selected AMPFLP (amplifiable 
fragment length polymorphism) systems (Apo B, Boerwinkle et al. 
1989; COL2A1, Wu et al. 1990) and two selected STR (short tan- 
dem repeat) systems (SE 33, Polymeropoulos et al. 1992; TC 11, 
Edwards et al. 1991). Further investigations were carried out using 
the STR systems after storage for 2-5 weeks at +4°C. The investi- 
gations for Apo B and COL2A1 were carried out using the meth- 
od described by Rand et al. (1992b). Amplification and electro- 
phoretic conditions for the STR systems were as follows: 
1 ng template DNA; 1 U Taq polymerase (Promega corporation, 
USA), 0.3 gM each primer, 100 gM of each nucleotide, 5 gl buffer 
(Promega) diluted to a total volume of 25 gl with distilled water. 
The reaction mixture was overlayed with 2-3 drops of oil. 

SE 33 primer sequence (Polymeropoulos et al. 1992): 
5'-AAT CTG GGC GAC AAG AGT GA-3' 
5'-ACA TCT CCC CTA CCG CTA TA-3' 

TC 11 primer sequence (Edwards et al. 1991): 
5'-GTG GGC TGA AAA GCT CCC GAT TAT -3' 
5'-ATT CAA AGG GTA TCT GGG CTC TGG-3' 

Amplification conditions (B. Budowle personal communication 1992) 
SE33: 93°C - 1 rain (denaturation), 61°C - i rain (annealing) 

72°C - 1.5 min (extension); 28 cycles 
(Thermocycler: Biometra, Triothermoblock, FRG) 

TC11: 1) 94°C - 20 s (denaturation), 64°C - 20 s (annealing) 
70°C - 60s (extension); 10 cycles 
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2) 90°C - 20 s (denaturation), 64°C - 20 s (annealing) 
70°C - 60 s (extension); 20 cycles 
(Thermocycler: Perkin Elmer Cetus 9600) 

Electrophoresis: Polyacrylamide gels (SE 33: 5% T, 3% C - TC 11: 
6% T, 3% C - 750 pm, 28 mM CHES, 80 mM formate, piperazine 
diacrylamide as cross-linker), 18cm separation distance; 2% agarose 
plugs in Tris-borate (0.5 M Tris, 0.28 M boric acid, pH 9.0) accord- 
ing to Allen et al. (1989). Bands were visualized by silver staining 
(Budowle et al. 1991). 

Results 

1. Urine volumes, DNA yield and quality 

D N A  was extracted f rom two urine samples using 10, 1 
and 0.1 ml urine and f rom the other urine samples using 
10 ml. The extraction f rom 10 ml urine yielded between 
31 and 298 ng/gl D N A  from a sediment volume of 50 gl. 
The total amount  of extracted D N A  therefore varied be- 
tween 1.5 and 15 gg. 

The D N A  extraction from 1 and 0.1 ml urine yielded 
concentrations which were below the detection limits of 
the fluorimetric method which is given as 1-5 ng/Ixl for 
high molecular weight D N A  (Sambrook et al. 1989). 
The test for high molecular weight D N A  using a mini-gel 
(Rand et al. 1992a) showed in all cases that the D N A  
was highly degraded. 

2. Individualization of urine samples (Table 1) 

In all urine samples tested individual band patterns could 
be demonstrated for the STR systems SE 33 (Fig. l a) 

Table 1. Relative efficiency of DNA analysis in urine samples 
using different approaches, n.t. = not tested 

YNH24 AMPFLP STR 

COL2A1 Apo B SE 33 TC 11 

Urine 33% 62% 50% 100% 100% 
(2 days old) 

Urine 0 0 0 100% n.t. 
(5 weeks old) 
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and TC 11 (Fig. lb ) ,  which in each case was identical 
with the corresponding blood sample. Positive results, 
which were identical to the corresponding blood samples 
were obtained for the AMPFLP  systems COL2A1 in 5 
out of 8 samples and for Apo  B in 4 out of 8 samples. 
Negative results were obtained in all other cases. 

An individual band pat tern could only be demon- 
strated in 1 out of  3 investigated samples using the single 
locus system YNH24. 

Reliable and reproducible results were obtained for 
the STR system SE 33, even with 1 and 0.1 ml urine al- 
though the amount  of extracted D N A  was less than 5 ng/ 
gl. 

3. Storage of urine samples 

After  storage of urine samples for 2 -5  weeks at 4°C, suf- 
ficient D N A  could be extracted for amplification from 
the sediment of 20 ml of urine. D N A  typing was carried 
out on two samples using TC 11 and SE 33, and in each 
case the results corresponded with those obtained f rom 
the blood sample. Negative results were obtained in each 
case using both A M P F L P  systems and the single locus 
probe  YNH24. 

Discussion 

As demonstra ted in this pilot study, genetically deter- 
mined D N A  polymorphisms can be identified in urine 
samples, but the success rate seems to be closely corre- 
lated to the method of D N A  investigation. Positive re- 
sults can normally be obtained using STRs, frequently 
with the A M P F L P  systems but only occasionally with 
the relatively sensitive single locus system YNH24. 

The increase in sensitivity achieved by the various 
D N A  technologies has been previously reported by this 
group (Brinkmann 1992). By experimental  studies on 
D N A  extracted f rom blood samples an increase in sen- 
sitivity of roughly 4 degrees of magnitude could be dem- 
onstrated between multi-locus systems and STRs, which 
has been confirmed by this study. However ,  Roewer  et 

a b 
Fig. 1. Comparision between paired blood and urine amplification 
patterns (DNA isolation from 0.1ml urine) from unrelated indi- 
viduals using the STR system SE 33 (a) and TC 11 (b) (for amplifi- 
cation and electrophoresis conditions see Materials and methods). 

a) Lane 1, 8 = allelic ladder; Lane 2, 4, 6 = blood DNA; Lane 3, 
5, 7 = urine DNA; b) Lane 1, 6 = allelic ladder; Lane 2, 4 = blood 
DNA; Lane 3, 5 = urine DNA 
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al. (1990) reported that 200 ml of urine was necessary to 
produce a D N A  fingerprint. The urine volume could be 
reduced to 0.1 ml in the present study. In practical cases 
therefore a volume of 10 ml fresh urine is sufficient for 
investigations in several systems including the necessary 
controls and repeat investigations. 

As is well known, the various systems applied here 
show very different sensitivities to degradation. Using 
multi-locus and single locus systems (restriction fragment 
length polymorphisms = RFLP's)  high molecular weight 
D N A  in the range of up to 30 Kb (1 Kb = 1000 basepairs) 
is normally necessary. By the use of AMPFLPs frag- 
ment lengths of approx. 1000 bp are normally sufficient 
to obtain adequate results and using STRs the fragment 
length range can be reduced by approximately one-third 
(ca. 300 bp). This signifies that STRs are extremely in- 
sensitive to degradation. The application of these sys- 
tems is therefore extremely promising in this context, 
because in urine samples the degree of degradation is ex- 
tremely high due to bacterial contamination. This was 
also confirmed by the present study. Degradation due to 
storage (up to 5 weeks at 4°C) therefore seems to have 
no influence on the results. 

A comparison of the D N A  pattern from urine sam- 
ples with other samples of human origin would normally 
be carried out using a blood sample, which is this respect 
is unambiguous. If legal considerations oppose the tak- 
ing of a blood sample, other control samples are, as 
demonstrated here, just as suitable (e.g. saliva samples, 
oral swabs and plucked hairs). Using the STR systems 
identifiable band patterns can be routinely and clearly 
detected from these materials (Brinkmann 1992). 

Two possibilities exist for the evaluation of compara- 
tive investigations (comparison between DNA from urine 
and human control DNA):  

(a) The individual band patterns do not match, i.e. sam- 
ples cannot come from the same person (exclusion). 
(b) The band patterns from the urine and control sample 
match; i. e. the samples can originate from the same per- 
son (non-exclusion). 

In the case of a match a statement on the frequency of 
the corresponding band pattern is normally necessary. 
Depending on whether 2 or 3 systems were applied, the 
20 urine samples investigated in this study gave indi- 
vidual band pattern frequencies between 1:1600 and 
1:40000. The inclusion of 5 such STRs (e.g. SE 33 - 
Polymeropoulos et al. 1992, TC 11, TC 6 - Edwards et 
al. 1991, vWa - (P. Gill personal communication 1992), 
MBP - (B. Budowle personal communication 1992) would 
routinely lead to frequencies of 1 : 1 million or greater. 

The typing of urine samples using D N A  technology 
can therefore be applied within the scope of doping in- 
vestigations to prove identity or to furnish proof  of non- 
identity. 

It must be emphasized, that such tests must be foren- 
sically validated, because the possibility of artefacts does 
exist. These must be absolutely avoided by careful ob- 
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servation of an extensive repertoire of controls and cor- 
responding safety measures. If the samples are stored at 
4°C a time delay of several days between sampling and 
investigation can be tolerated. D N A  band patterns from 
a single individual which have been previously deter- 
mined remain stable. Succeeding investigations on urine 
samples therefore need only a single investigation of the 
control sample (e.g. blood, saliva, hair). The polymor- 
phisms shown here are exclusively VNTR polymorphisms 
and therefore refer to non-coding D N A  sequences. In- 
ferences on personal traits are therefore not possible by 
such investigations. 
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