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Short Communication

Multilocus DNA fingerprinting in paternity analysis. a Chilean experience

Lucia Cifuentes O.%, Leonor Armanet B.2, Raul Aguirre A, Juana Vargas B.? and Ménica Acufia P*

Abstract

DNA polymorphismisvery useful in paternity analysis. The present paper describes paternity studiesdoneusing DNA profilesobtained
withthe (CAC); probe. All of the subjectsstudied wereinvolvedin nonjudicial casesof paternity. Genomic DNA digested with Hael Il was
run on agarose gelsand hybridized inthe gel with the (CAC), probelabeled with 32P. The mean number of bandslarger than the 4.3 kb per
individual was 16.1. Themean proportion of bands shared among unrel ated individual swas 0.08 and the mean number of test bandswas
7.1. Thiscorresponded to an exclusion probability greater than 0.999999. Paternity was excluded in 34.5% of the cases. The mutation
frequency estimated from non-excluded cases was 0.01143 bands per child. In these cases, the paternity was confirmed by alocus-
specific analysisof eight independent PCR-based | oci. The paternity index was computed in all non-excluded cases. It can be concluded
that thismethod isapowerful and inexpensive alternative to solve paternity doubts.

INTRODUCTION

Genetic marker analysisisapowerful tool for pater-
nity testing. The most polymorphic genetic markersinthe
human genome are the tandemly repeated mini- and mi-
cro-satellites (also known asVNTR or STR loci, respec-
tively) ( Penaet al., 1993). The simultaneous detection of
several VNTR loci using asingle DNA probewasfirst re-
ported by Jeffreyset al. (1985a). The banding pattern ob-
tained with thismethod isindividual-specificandisreferred
to as a DNA fingerprint (Jeffreys et al., 1985b). Many
multilocus probes have been described, and the specificity
of the patterns obtained with them providesareliable means
of exclusion in paternity testing (Jeffreyset al., 1985h).

Inthisreport, we describe the use of multilocusDNA
fingerprinting to solve praoblems of paternity in Chile.

MATERIAL AND METHODS

The studied group consisted of al theindividualswho
requested for apaternity analysisat the University of Chile,
Clinical Hospital, between June 1996 and July 1998. This
hospital isanational center for paternity testing for casesin
whichnojudicia processisinvolved. All of themother and
alleged father pairs studied were unrelated middle-class
Chileans. The Chilean population isan admixture of Cau-
casians (mostly Spaniards) and Amerindians (Vaenzuela,
1988).

Human genomic DNA was obtained from peripheral
blood (Comey et al., 1994), digested with Hael I, and run
on 7% agarose gels. After electrophoresis, andin situ hy-
bridization with a(CAC)sprobe (Jeffreyset al., 1991), the

bands were labeled with 2P (Armanet et al., 1995). The
(CAC), probe was devel oped by Nurnberg et al. (1989),
who described the somatic and germline stability of the
pattern obtained with this probe (Nurnberg et al., 1989).
Only bands larger than the 4.3-kb Hindlll fragment of
lambda phage were studied. Paternity was excluded when
more than two bandsin the child’s DNA profile were not
present inthe mother’sor putative father’sprofile. If only
one or two unassignable bandswere present, they werein-
terpreted asmutations. I nthose casesin which mutant bands
were found, the paternity was corroborated with alocus-
specific analysis of eight independent PCR-based loci
(Jorqueraand Budowle, 1998). Thea posteriori probabil-
ity of paternity was computed using the paternity index pro-
posed by Penaand Chakraborty (1994) based on prelimi-
nary estimates of band sharing (0.1315) and the mutation
rate (0.0015 bands/child) performed in our laboratory.

RESULTS

Eighty-four couplesand their children requested apa
ternity investigation during the two-year period. Paternity
was established in 55 cases (65.5%) and excluded inthere-
maining 29 (34.5%). Theconfirmation of paternity washbased
onanaposteriori probability greater than 0.999in 44 cases
(52.4%), using the paternity index proposed by Penaand
Chakraborty (1994). | nthe remaining cases, those with one
mutant band, thea posteriori probability of paternity ranged
from 0.945 to 0.998. In one case with two mutant bands
and ninetest bands, the probability of paternity was 0.942.

The mean number of bands per individua was16.1 +
2.7 SD (range: 8-27). The number of bands shared among
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unrelated individual's, computed by comparing those of the
mother and the alleged father in each case, was 1.4 + 1.4
SD (range: 0-5), which yielded amean proportion of shared
bands of 0.09. The mean number of test bandswas 7.1 +
2.1 SD. Thesevaluesresulted in an exclusion probability
>0.999999.

The distribution of the bands shared between the a)
mother and alleged father, b) child and excluded fathers, ¢)
mother and child, and d) child and included alleged father
isshownin Figure 1. Thedigtribution in thelatter two cases
(cand d) wassimilar, but differed from thefirst two cases
(aand b) (Figure 1). Therewasasmall overlap betweenthe
distributions of thefirst two cases and the last two.

Of the 55 casesin which paternity was confirmed, in
14 an unassigned band in the child was detected, and it was
interpreted asamutation. In one case, there were two mu-
tant bands. In all, 1400 child bands were detected which
corresponded to a mutation frequency of 16/1400 on
0.01143 bands per child.

The distribution of the unassigned bands (as a per-
centage of the total number of test bands) isshownin Fig-
ure 2. Therewasaclear distinction between excluded and
assigned paternity cases. This distinction was even more
marked when the bands shared by the alleged father and

child wereincluded. Figure 3 showsthat there was anega-
tive correlation between band-sharing and the proportion
of unassigned bandsin the casesanalyzed. In addition, the
two paternity groups - those with confirmed paternity (up-
per left) and those excluded from paternity (lower right)
werewel | separated.

DISCUSSION

Multilocus DNA fingerprinting isconsidered apow-
erful tool in paternity testing. In thisstudy wevalidated the
usefulness of the (CAC), probefor DNA analysisin pater-
nity casesin Chile. Thetechniquedistinguished fathersfrom
non-fathersin al cases. Thelow proportion of bands shared
among unrelated individuals (0.088) and the high number
of test bands (mean of 7.1) provided ahigh probability of
excluding falsely accused men. The best discrimination
criterion wastheratio of unassignable bandsrelaiveto the
total number of test bands. Thisratiowaslessthan 0.23in
fathersand greater than 0.68 in non-fathers, with no over-
lapping. An additional criterion wasthe number of bands
shared by the alleged father and child. Compared to those
shared with the true fathers, these groups showed only a
small overlap intheir numbers.
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The paternity index proposed by Penaand Chakra-
borty, isuseful in DNA analysis, particularly sinceit in-
cludes mutation rates, which are not low in minisatellites.
When only one or two unassignable bands exist, additional
DNA testing is recommended in order to confirm the re-
sultsof the paternity analysis; thisconfirmationisstrongly
recommended if thereis more than one mutant band.

Exclusion from paternity wasindicated in only 34.5%
of the cases, despite the high exclusion probability offered
by thistechnique. Thisfinding suggeststhat, in most cases,
thoseinvolved already knew who thefather was.
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RESUMO

O polimorfismo de DNA é muito Util em pesguisa de
paternidade. O presentetrabal ho descreve estudos de paternidade
usando perfis de DNA obtidos com asonda (CAC).. Todos os
individuos estudados estavam envolvidosem casosndo judiciais
de paternidade. DNA gendmico digerido com Haelll foi colocado
em gel de agarose e hibridizado no gel com asonda(CAC); mar-
cada com *2P. O nimero médio de bandas maiores que 4,3 kb
por individuo foi 16,1. A propor¢do média de bandas com-
partilhadas entreindividuos ndo aparentadosfoi 0,08 eo nimero
médio de bandas de teste foi 7,1. Isto correspondeu auma pro-
babilidade de exclusdo maior que 0,999999. A paternidade foi
excluidaem 34,5% dos casos. A freqliénciade mutagdo estimada
em casos ndo excluidosfoi 0,01143 bandas por crianca. Nestes
casos, apaternidadefoi confirmadapor umaandliselocus-especi-

1 and unassigned bands in child-alleged father

pairs. Each dot representsasingle case. Theclus-
0 120 ter on the left upper of the graph indicates cases
of confirmed paternity while that on the lower
right indicates cases of no paternity.
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ficade oito locosindependentes obtidos com PCR. O indice de
paternidadefoi computado em todos os casos ndo excluidos. Pode-
se concluir que este método é umaalternativapoderosa e econd-
micapararesolver davidasde paternidade.

REFERENCES

Armanet, L., Aguirre,R., Vargas, J.,Llop, E., Castillo, S. and Cifuentes,
L. (1995). Estudio de paternidad aplicando €l polimorfismo de DNA:
evaluacién en relacion a los métodos convencional mente usados en
Chile. Rev. Méd. Chile 123: 560-566.

Comey, C.T.,Koons, B., Predey, K., Smerick, J., Sobieralski, C., Stanley,
D. and Baechtet, S. (1994). DNA extraction strategies for amplified
fragment length polymorphism analysis. J. Forensic Sci. 39: 1254-
1269.

Jeffreys, A.J., Wilson, V. and Thein, S.L. (1985a). Hypervariable mini-
satelliteregionsin human DNA. Science 314: 67-73.

Jeffreys, A.J., Wilson, V. and Thein, S.L. (1985b). Individual-specific fin-
gerprintsof human DNA. Nature 316: 76-79.

Jeffreys, A.J., Turner, M. and Debenhem, P. (1991). The efficiency of
multilocus DNA fingerprint probes for individualization and estab-
lishment of family relationships, determined from extensive casework.
Am. J. Hum. Genet. 48: 824-840.

Jorquera, H. and Budowle, B. (1998). Chilean population dataon ten PCR-
based loci. J. Forensic Sci. 48: 171-173.

Nurnberg, P, Roewer, L., Neitze, H., Sperling, K ., Popperl, A., Hundrieser,
J., Poche, H., Epplen, C., Zischler, H. and Epplen, J.T. (1989). DNA
fingerprinting with the oligonucl eotide probe (CAC)¢/(GTG),: somatic
stability and germline mutations. Hum. Genet. 84: 75-78.

Pena, S.D.J. and Chakraborty, R. (1994). Paternity testinginthe DNA era
Trends Genet. 10: 204-209.

Pena, S.D.J., Chakraborty, R., Epplen, J.T. and Jeffreys, A.J. (1993).
DNA Fingerprinting: State of the Science. Birkh&user Verlag, Swit-
zerland.

Valenzuela, C.Y. (1988). On sociogenetic clines. Ethol. Sociobiol. 9: 259-
268.

(Received July 21, 2000)






