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I. INTRODUCTION: THE HISTORICAL CONTEXT

Between March 1976 and December 1983, the Republic of Argentina was con-
trolled by a military junta responsible for the abduction, torture, and murder of
thousands of citizens (Amnesty International, 1980; Interamerican Commission
on Human Rights, 1980). The total number of victims of extrajudicial execution
will probably never be known, but in December 1983, the newly elected demo-
cratic government established the National Commission on the Disappearance of
Persons (CONADEP), with the request that this commission document, insofar as
possible, the history of disappearances of citizens during the period of military rule.
By September 1984, CONADEP had prepared evidence on 8800 victims; however
CONADEP and human rights organizations believe the actual number of “dis-
appeared” persons to be much higher (National Commission on the Disappearance
of Persons, 1984).

Approaches from human genetics have been used to help identify a
special subset of these victims: the 210 children who were kidnapped at birth or
as infants by military and police who murdered their parents and retained or sold
the children. Unlike the older victims of the “Dirty War,” many of these very
young children remained alive, but were made to “disappear” (Abuelas de Plaza
de Mayo, 1985). In 1977, during the period of military rule, the surviving relatives
of kidnapped children formed the Grandmothers of the Plaza de Mayo, a human
rights group devoted to finding kidnapped children and reuniting families.
Through persistent collection and follow-up of circumstantial evidence, the
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Grandmothers began to locate their kidnapped grandchildren, primarily in the
households of military and police officials and their collaborators (Nosiglia, 1985).

It soon became apparent to the Grandmothers that it was necessary, but
not sufficient, to establish that a specific child was a kidnap victim. It was also
necessary to establish each child’s true identity by objective means. After the fall
of the military and the election of a democratic government, it became possible to
bring charges in Argentinian courts against the kidnappers. The Grandmothers
therefore asked geneticists for help in establishing objectively the identities of these
grandchildren. In June 1984, at the request of the Grandmothers of the Plaza de
Mayo and CONADEP, a commission from the American Association for the
Advancement of Science first traveled to Buenos Aires to help develop procedures
for genetic identification of kidnapped children.

In 1984, genetic relationships were most effectively established using
serological testing of human lymphocyte antigens (HLAs) at the A, B, C, and DR
loci (Albert et al., 1984). The immunogenetics laboratory of Ana Maria DilLonardo
at the Durand Hospital in Buenos Aires, which was experienced in HLA serologic
typing, agreed to undertake the identification project. That laboratory has been
successful in establishing the identities of a large number of children and in
presenting evidence to the Argentinian courts that has led to the reunification of
families (DiLonardo et al., 1984; Diamond, 1987).

In the intervening 7 years, the genetic approaches applied to establishing
the identity of these kidnapped children have been extended. Two developments
motivated this work. First, at the request of the Grandmothers and other human
rights organizations, the government of Argentina established in 1985 the National
Genetic Data Bank. This voluntary service offers grandparents, aunts, uncles,
cousins, and other surviving relatives of disappeared children the opportunity to
have their blood sampled, HLA serology determined, and white cells stored for
extraction of DNA. Pedigrees documenting the relationships of surviving relatives
to the murdered parents and missing children are also constructed. The intent of
the legislation is that, as kidnap victims are discovered, their identities can be
determined by matching the child to surviving relatives. Several hundred surviving
relatives have contributed to the Data Bank in the past 7 years. Consequently, as
kidnap victims are found for whom little circumstantial evidence of identity exists,
each must be matched against multiple families. To establish identity with a
sufficiently high level of statistical certainty under these circumstances usually
requires matching to more than one genetic linkage group.

The second development during the project has been the appearance of
families with few surviving relatives. Deaths from natural causes and by murder

during the military period and fear have led to incomplete information for some

he Ieis ot uncommon for a family searching for a mlssmg child to include
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grandparent and his or her grandchild have only a 50% chance of sharing an allele
by descent at a single nuclear locus. This limitation can be overcome by typing
muitiple independent loci, gradually accumulating odds in favor of, or against,
relationship. A further complication is that differences between fragment lengths
defining different VNTR alleles may be very small, so that it may not be clear
whether two bands are identical by descent or not. This limitation can be over-
come by mixing aliquots of DNA from two samples whose identity is to be tested,
to determine whether they migrate identically. In addition, one can relax the effort
to resolve so many alleles at these loci, although this reduces statistical power.

PCR amplification followed by hybridization to allele-specific oligonu-
cleotide probes which reveal dots on filter paper is a relatively recent technique
(Saiki et al., 1986; Saiki et al., 1988). The principal advantage of this technique is
that PCR amplification permits identification based on extremely small amounts
of material. However, for the determination of relatedness of living persons, the
quantity of DNA available is not a limiting factor. At least three limitations of the
“dot-blot” approach greatly reduce its effectiveness for identification of families.
First, as of now, very few loci can be evaluated using allele-specific oligonucleo-
tides, and these loci are not highly informative. Of course, sets of oligonucleotides
for other loci are currently under development. Second, a genotype is defined by
dots on filter paper made by probing the amplified sample DNA with the oligo-
nucleotide. These dots generally vary in intensity, so that determining whether an
allele is present or not may be subjective and the result ambiguous. Third, con-
tamination of the PCR reaction by external material can lead to amplifying the
target sequence from the wrong individual. Present efforts to circumvent con-
tamination include keeping samples to be amplified in closed and controlled
environments and carrying out the amphﬂcatlon step at least thce, testmg the
results independently. 20

Nevertheless, the future is brlght both for DNA ﬁngerprmtmg and for
allele-specific oligonucleotides as tools for identification. The problems are well-
known to everyone in the field, and a number of groups are actively addressing
their solution. In addition, several professional and advisory organizations are
cooperating to establish standards for the application of these approaches.

Against the background of increasingly widespread adoption of genetic
methods of testing identity and of development of DNA sequencing technology,
it is highly probable that direct determination of DNA sequences will soon be
introduced to test identity and relationship. There are major advantages to DNA
sequencing as a tool. Enzymatic amplification by PCR of target sequences enables
tiny quantities of human material to be used. Furthermore, the genetic sequence
provides the ultimate resolution of identity: properly chosen sequences would

uniquely identify each individual. Finally, sequencing will circumvent many of the

techmcal problems associated with DNA fingerprinting or with allele-specific
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polymerase after each heat denaturation step (Gelfand and White, 1990; Innis et
al., 1988; Saiki et al., 1988). This modification not only has greatly simplified
amphﬁcatlon and allowed it to be automated, but also has increased the yield,
specificity, and length of the DNA fragments that can be amplified (Innis and

* Gelfand, 1990). Direct sequencing of enzymatically amplified mtDNA has been

applied to the study of the evolution and diversity of human populations (Engelke
et al., 1988; Kocher et al., 1989; Paabo, 1989; Paabo et al., 1989; Vigilant et al.,
1988; Wrischnik et al., 1987). .

: “The control region of mtDNA, near the origin of replication, is partic- - -
_ularly diverse among md1v1duals “The mtDNA control region (also called the .

" displacement or D-loop) is a region of approximately 1200 base pairs flanked by
tRNA(Pro) and tRNA(Phe) genes. The control region does not code for any
“genes, which perhaps has released it from strict neocleotide conservation. In the

_control region, blocks of sequence homology among human, bovine, and rat .
* sequences are separated by regions of high sequence dlvers1ty (Anderson et dl.,

1981) ‘
The method for amphfymg and sequencing the control tegion of mtDNA

- (Kocher et al., 1989; Orrego and King, 1990). The first step ‘of the PCR reaction

‘is carried out with equal concentration of primers. The second ‘amplification step
is carried out with nested primers using the unbalanced pnmmg method (Mullis : '+ -
et al., 1986; Gyllensten and Erlich, 1988). The single strand product is suitable for - -

- sequencing by the dideoxynucleotide chain termination technique (Sanger et dl.,

*1977). The region targeted in the second stage of the amplification is the most .
" variable portion of the mtDNA control region, the first 400 basepairs, The asym- -
“metric PCR amplification is carried out as in the initial amplification reaction, '

except for a 50-fold reduction of one of the primers. After the asymmetric PCR,

the concentrated reaction mixture is used for sequencmg with the Sequenase kit -

(U.S. Biochemical).

Several technical issues deserve further attention. Most important is the
elimination of any sequencing artifacts due to replication etrors of Taq polymerase
{Scharf et dl.,
optimized to reduce errors during amplification. Parameters such as time and
temperature of denaturation, annealing, and extension steps; the number of PCR

‘in use for this project follows a two-step protocol that minimizes unintended
amphﬁcatlon products (Gyllensten, 1989; Saiki et al., 1988) The first stage is
amplification of the entire mtDNA control region using primers that are com-

‘plementary to the highly conserved flanking tRNA(Thr) and tRNA(Phe) genes’ 4

1986; Tindall and Kunkel, 1988). Reaction conditions can be
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sites compared, 32 were variable. When the sequences were compared between
individuals in pairs, the number of differences ranged from 1 nucleotide to 13
nucleotides; the average pairwise difference was 5.9 nucleotides.

- Obviously, mtDNA sequences will serve to identify the maternal lineage
of an individual only to the extent that maternal lineages differ in sequences in the
 target region. Therefore it was crucial to be able to determine the likelihood that
unrelated 1nd1v1duals would be identical by chance. For the 91 comparisons of the -
14 sequences selected two at a time, the observed ‘and expected number of
sequence differences between pairs of individuals closely approxtmated a Poisson
_ dlstnbutlon (Orrego and King, 1990) Therefore, based only on this small sample
- of sequences, the probability of zero differences between two unrelated individuals -

_is p(0) '= e, where x is the average number of dlfferences between pairs of g. L
0.0027; in other words, for this 347 basepair
sequence, the probability that two unrelated 1nd1v1duals will be 1dent1cal by chance . C

| y‘sequences For x = 5.9, p(O)

1sapprox1matelylm370 T SNSRI I

Two other sets of samples from Caucas1an populattons have been se- F ‘

quenced for the same region of mtDNA (DiRienzo and Wllson, 1991). Sixty-nine
*persons were sampled from five lmgulsttcally—deﬁned ‘regions of Sardinia. The
lmguxstlc subgroups of Sardinia appear genetically homogeneous based on nuclear

- genes and marriage pattems This homogenelty was reflected in mtDNA se—‘

~*quences. For the 400- basepalr region screened, nine sequences appeared more
", than once, including one sequence 'shared by .15 of the 69 subjects! Because
‘samples were collected by requesting placentas from ‘women giving birth in ma-
' ternity hospltals, it is possible that the same extended famlly might have been
. sampled more than once. If so, this degree of concordance may be higher than for
nominally unrelated Sardinians. In any case, the Sardmlan sample illustrates how -
 individual mtDNA sequences may appear multiple times in an endogamous pop-
.- ulation, and hence the 1mportance of understandmg relationships among maternal
o lmeages ina populatlon in wluch mtDNA sequencmg will be employed
; A sample of 42 persons from the Middle East, including 29 Bedouins from
Saud1 Arabla, 8 Arabs from Israel, and 5 Jews from Yemen, were sequenced for the
same 400—basepa1r region (DiRienzo and Wilson, 1991). In this sample, three
sequences appeared more than once, each in a pair of individuals. Again, maternal
relatives were not explicitly excluded. For the Middle Eastern group as a whole,
‘the average number of nucleotide differences per pair of sequences was 7 3, and the
, dlstnbutlon of pairwise differences was approx1mately Poisson. .
' . The population genetics  of mtDNA sequences involves determmlng the
" size of an mtDNA deme; that is, the’ hlstonc and evolutionary relationships among
maternal Tlineages. Furthermore, the appearance of individual sequences held in
y multiple individuals indicates that discriminating power will depend
quence; as well as on the genetic substructure of a population. For
, ete ‘geneous, European populatlon of Argentma, w1th a ﬁmte
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< Teeth of relatrvely recent decedents are an excellent source of mtDNA
The nonlwmg exterior matrix of the tooth surrounds and protects a soft interior
pulp consisting of living cells. The relative isolation of the dental pulp from the

hydroxyapatite, a ma]or component of the tooth strongly binds and hence sta-

extremely long—llved relatrve to DNA i in other cellular components.
4 *As a preliminary test of sequencrng DNA from teeth, we isolated DNA
from the twenty—year—old baby teeth of an adult. Adequate DNA was obtained by
‘ amphﬁcatron, and a portion of the mtDNA control region was sequenced. The

external environment protects its DNA from biological degradation. In addition,

bilizes DNA. In the unique environment of the tooth pulp chamber, DNA may be :
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l'llS srster, and hxs mother (Gmi herc, unpublrshed results)

[

'i, sequence obtained matched that derived from a fresh blood sample of the adult

P

VI. TESTING RELATIONSHIPS III AIIGEIITIIIA

DO The first applrcatron of mtDNA sequencrng to the human nghtsy work in Argentma
‘ , was the analysis of the Lopez Guerra, Belaustegui Herrera, and Weisberg family,

' gentinian families related by marriage. In 1977, five of the young “adults in this -

tma. Both Maria Crrstma bopez Guerra (© and Valena Belaustegur Herrera (V)
"were in the ﬁrst tnmester of pregnancres when they were ‘abducted. Therr parents
later heard that their daughters had been kept alrve until they gave brrth therr ‘
newborn infants taken, and the young women then murdered L ,
' In 1988, ten years after the brrths would have occurred a 10—year—old boy
(A,9) was brought to the attention of the Grandmothers The woman who in-
troduced A to'the Grandmothers had cared for hrm since he 'was given to her as :
"a “present” when a newbom in 1978 by her then male compamon, who had close
ties to the military. ‘She reported that she had been temﬁed to tell anyone about
the incident untll her former compamon was arrested in 1988 by the c1v1lran

LY

The Lopez Gue:ra, Belaustegul Herrera, and
ngsberg families from Argentma e

_whose pedigree is shown as Figure 3.2. This extended famrly mcludes three Ar- o

kmdred were krdnapped and subsequently murdered by mllltary forces in Argen— -




large scale? The human nghts groups with whom we work suggest that to abandon :

‘vrctrms appears highly unlikely. Kidnapping has umversally been considered a’. - ’, \
. the search for the kidnapped chrldren of Argentma is to abandon a group of |
- adults, what would their attitudes be toward relatives who knew they had dis- l
l
|

“ he or she has lived with people mvolved in the murders of hrs/her parents and that '
. hrs/her surviving relatives did nothlng to ﬁnd hrm/her7 Would failing to attempt

X countrres’
- rights'is unprecedented. Thus,’ answers to these questrons of ethrcs, law, and *

' ’,‘ time (early 1991), the polrtrcal srtuatron in Argentma is much more hostile to'the : :

- age of the kidnapped children is now 15 years. Very soon,. these children will have TR

D oA

¢
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,« ,f The major concern underlymg this work is to do what is best for the
chrldren (Abuelas de Plaza de Mayo, 1984). Clearly, circumstances vary enor-

~mously and the custody of each child must be decided individually. A few of the -

children born in captivity or kidnapped as infants were adopted in good faith by
" families wrth no ties to the military. The resolutions of these exceptional cases have
generally been amrcable, wrth the chrldren being told the truth about their biolog-
ical parents and spending time with both their brologrcal and adoptive families. .-
However, the cases of chrldren living with mrlrtary or police officers involved i inthe = ,
“torture and murder of their parents are far more difficult. These have comprised ",
the vast majorrty of chrldren drscovered 50 far. Certamly under normal circum-

of his or her age at abductron The notron of assessmg ‘whether persons involved b
‘1n krdnappmg, torture, or murder are suitable parents for the children of their -

crime. Is the situation different in Argentina because krdnappmg occurred ona.

children who will not grow up in carefree innocence. As these chrldren become -

appeared but 'did nothrng’ What would be the effect on a young person to learn

to 1dentrfy the krdnapped children implicitly grant 1mmunrty to kidnappers? Would :
“ this mcrease the sense of mvulnerabrhty of abusers of human rrghts in other '

The hrstoncal srtuatron that led to thrs applrcatron of genetrcs to human 0
mental health are developing wrth our current expetience. Meanwhrle, as of this
Grandmothers ‘efforts than during the ‘Alfonsin’ presrdency of 1984 1989. In

particular, it is increasingly difficult to work wrthrn the Argentrman judicial system. .
However, the Grandmothers remain undaunted They point out that the average |

the legal right to determine for themselves their ‘identities. For this purpose . © :
mtDNA sequences will be available. Even’ though the grandparents of a krdnap— ,

ping victim may die before the grandchild is found, the ybung adult’s maternal
lineage will be identifiable using the genetic rnformatron the Grandmothers have .
left behind. A young person can thereby be put in touch wrth hrs/her famlly—
surviving aunts, uncles, and cousins—and his/her hrstory For the past 15 years, the .
randmothers. ave been seatchrng for their krdnapped grandchrldren Very soon,

Cify

ch dren rll come lookrng for them ,’L,\, .
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