
Abstract A Missing Persons Genetic Identification Pro-
gram (Phoenix Program) was implemented in Spain in or-
der to try to identify cadavers and human remains that could
not be identified using traditional forensic approaches; to
our knowledge, this is the first database ever implemented
and in function in the world. Two separate mitochondrial
DNA (mtDNA) databases have been generated and com-
parisons can be made automatically to match identical or
similar sequences contained in both databases. One data-
base is called the Reference Database (RD), which con-
tains mtDNA sequences from maternal relatives of miss-
ing persons that provide the samples voluntarily after in-
formed consent. The other database is called the Ques-
tioned Database (QD) and is comprised of mtDNA data
on unknown remains and cadavers that could not be un-
equivocally identified. The combined database is a civil
database designed solely for human identification and be-
cause of the informed consent and voluntary donation of
reference samples is different from other databases now
used to solve criminal cases. It is timely and incumbent on
other willing countries to begin an international collabora-

tion so compatibility and full utility can be enjoyed with
this kind of non-criminal database.
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Introduction

In a recent “Newsletter” of the International Academy of
Legal Medicine, Cattaeno et al. [1] pointed out that there
are probably more than 1,500 cadavers and human re-
mains still unidentified in the European Union. According
to these authors, the identification of human remains rep-
resents a growing problem in countries of the EU (Euro-
pean Union). This is a fact, but is also an increasing prob-
lem in other countries in Latin America according to sur-
veys (data not published) conducted by the Ibero-Ameri-
can Working Group on DNA Analysis (GITAD) and the
Ibero-American Academy of Criminalistics and Forensic
Studies (AICEF), and this is probably a fact all over the
world.

Simultaneously, large and relevant efforts have been
continuously made to attempt to identify cadavers and hu-
man remains after wars, socio-political problems [2, 3]
and after mass disasters [4, 5, 6]. In many cases, the use of
DNA typing techniques assumes a social benefit since
these typing techniques offer a definitive answer for iden-
tification of victims, perpetrators, and missing persons.
Simultaneously, advances and changes in forensic sci-
ences, basically the generation of large databases, are per-
ceived by some as “dangerous” for society [7, 8, 9, 10].

There is a genetic database in the forensic arena that
generally should not compromise social or individual
rights, because it is based on the voluntary donation of bi-
ological reference samples to be analyzed: a missing per-
sons database. Samples are voluntarily donated to a foren-
sic “civil” database after signing an informed consent
form, as opposed to forensic “criminal” databases, where
samples can be obtained using force. Spain is the first
country to implement a forensic civil database (in fact
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there is no legislation for criminal DNA database in Spain
yet).

According to the Spanish Guardia Civil statistics (per-
sonal communication) there are over 2,500 reported miss-
ing persons and approximately 1,000 unidentified human
remains, but these numbers could be much higher and
therefore a problem in itself is to determine the magnitude
of the task at hand, as already pointed out for the EU [1].
Because of the social dynamics of modern societies, there
are always missing persons being reported and unidenti-
fied cadavers and human remains are always being found.
This is a universal problem and a common situation not
related to wars or natural catastrophes. It is obvious that
some of the unidentified remains and some of the cadav-
ers belong to reported missing persons.

In November 1998, the Spanish Ministry of the Interior
decided to support an initiative from the University of
Granada presented to the Guardia Civil (the largest na-
tional law enforcement agency in Spain) to implement a
National Program to attempt to identify cadavers and
bones from missing persons. The program was named the
“Phoenix program” (Programa Fénix, in Spanish) based
on its purpose and classical Greek mythology.

The Phoenix program contains and generates two inde-
pendent databases that can automatically compare DNA
sequences to identify matching or related profiles, such that
identification of unknown remains may be possible. One of
the databases is known as the Reference Database (RD)
which contains mtDNA sequences from maternally related
relatives of missing persons. Since the RD is not a criminal
database, only individuals that voluntarily agree to provide
samples will be DNA typed and their data placed in the
RD. In all cases, these donors will be apprised of the in-
formed consent protocol and sign appropriate documenta-
tion. All samples are bar-coded, data are treated as confi-
dential and can be deleted at anytime if requested by the
donor(s). The second database is known as the Questioned
Database (QD) which is comprised of mtDNA sequences
obtained from bones or cadavers that cannot be identified
or that were not identified by routine and standard pro-
cedures, such as fingerprints, anthropology, odontology, 
X-rays, etc. In all cases, the analysis and storage of mtDNA
profiles from unidentified remains requires permission
from a judge, as mandated by Spanish law. To enable and
facilitate mtDNA profile comparisons between the RD and
QD, the MitoSearch software program (now included in
the USA CODIS system) is used. The program allows
searching for exact matches and can be configured for
identifying sequences that differ by as much as three nu-
cleotides (or greater differences if required).

Materials and methods

Informed consent and contacting procedure

Only persons signing a valid informed consent protocol are al-
lowed to participate in the program (general procedure outlined in
Fig.1). People that have reported missing relatives are requested to
voluntarily contact the Phoenix Program by calling a toll-free tele-

phone number (in Spain +900-150-759) to communicate that they
are willing to participate. A full file with information regarding
what Phoenix is, what they should expect and what they should not
expect is mailed along with a form to formally ask for collabora-
tion. Once this form is received and processed, samples are ob-
tained by trained police officers who come to the family home.
Thus, there is no financial cost for participating families.

Reference database samples

Two buccal cotton swabs (Clue Profile Collector kit, Swisforensix,
Bern, Switzerland) are obtained from a minimum of two and a
maximum of four maternal relatives (when available); also, buccal
swabs are taken from relatives whose nuclear DNA could help to
identify the missing person using STRs (e.g. parents, offspring,
siblings, etc.). Swabs are allowed to dry at room temperature,
placed in the appropriate box included in the kit and sent to the
laboratory for further analysis. Once obtained, all samples are bar-
coded and data dissociated to avoid manipulation and to maintain
confidentiality.

Questioned database samples

Two to four fragments of at least 25 g of compact bone, and/or
teeth (preferable molars, maximum of six), and/or blood stains
(when available, spotted on cotton-swabs or, preferably, FTA pa-
per; Whatman, Maidstone, UK) are obtained from non-identified
cadavers and human remains by Guardia Civil’s trained special-
ists, appropriately packaged and sent to the laboratory for analysis.
Questioned samples are not immediately analyzed; rather, mtDNA
analysis only starts once routine techniques (fingerprints, odontol-
ogy, etc.) and law enforcement investigations yield no identifica-
tion results.

mtDNA analysis

DNA from one buccal swab from two maternally related individu-
als per case is immediately sequenced for the complete hypervari-
able region 1 (HV1) and hypervariable region 2 (HV2) of the con-
trol region (or d-loop) of the mtDNA genome. DNA extraction
from bones is performed using organic extraction and filtration for
purification [11] and DNA from teeth is also extracted using or-
ganic reagents [12]; for reference samples, DNA from saliva is ex-
tracted using a modified Chelex protocol [13] and DNA from
blood is extracted according to previously reported protocols [14,
15]. All samples are quantified using slot-blot and chemilumines-
cent methods [16]. To avoid contamination and DNA carry-over,
appropriate positive and negative controls are used, and work is
carried out only in designated and separated areas. Also, ques-
tioned database samples (QD) are analyzed in one of the partici-
pating laboratories, and reference database samples (RD) are ana-
lyzed in the other laboratory. No STRs are systematically analyzed
for matching purposes in the database, but when possible they are
used to confirm hits. PCR amplification and sequencing follow
standard operational procedures for mtDNA analysis and the
nomenclature is similar to that validated for forensic purposes
[17].

Nuclear DNA analysis

This is performed using the PowerPlex16 kit (Promega Corp.
Madison, Wis.), as described in the manufacturer’s technical man-
ual included with the kit (Part. DC6530). This kit with primers and
PCR reagents for typing includes 15 polymorphic STR loci and the
locus amelogenin (a gender marker). Of the loci in the kit 13
(FGA, vWA, D3S1358, HUMTHO1, HUMTPOX, HUMCSF1PO,
D5S818, D7S820, D8S1179, D13S317, D18S51, and D21S11) are
the core loci in the United Stated Coordinated DNA Index System
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(CODIS). There are also two highly discriminative pentameric loci
(Penta D and Penta E) included in the multiplex.

Results and discussion

To date more than 1,200 families have contacted Phoenix,
and at least 140 reference samples and 48 unidentified re-
mains have been analyzed. When mtDNA matches are
found, a second and independent analysis is performed as
part of the quality control mechanism. Once a match is
confirmed (so far six cases), an attempt is made to analyze
short tandem repeat (STR) loci using the PowerPlex 16 kit
(Promega, Madison, Wis.).

Nationally and internationally compatible protocols
leading to identification of human remains or skeletons
ideally will require the use of databases that fulfil five ba-
sic requisites, as follows:

1. Analyses have to be based on standard operating pro-
tocols and universally accepted genetic markers. The
techniques should be widely used, reproducible, and
accepted by the forensic community and courts around
the world. Only techniques fulfilling technical and le-
gal criteria will enable international compatibility.

2. Results must be valid and reliable. It is important to
stress that only laboratories and techniques subjected
to strict quality assurance and quality control programs
should be used.

3. The technology should be amenable to automation, to
facilitate the typing of the anticipated large volume of
samples and to allow intra- and international searches
and comparisons. Data have to be easily and unequiv-
ocally converted into alpha-numeric characters. DNA
results already meet this criterion. Also, there must be
programs available to compare and find matches. For
example, mtDNA data meet this criterion, and the
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3. FBI’s MitoSearch program (among others) is used for
searching purposes.

4. It is desirable to generate data that provide little or no
personal or confidential information about the individ-
ual. Proper use of this mtDNA database according to
national laws, dissociation of data, restricted access,
informed consent from voluntary donors, court orders
to handle human remains are among some of the re-
quirements of the Spanish database.

5. In order to build up a truly operative database, the
analysis and data have to be useful in as many cases as
possible, particularly so that results can be obtained on
challenging materials such as a skeleton or partial re-
mains. In our experience, mtDNA is the best genetic
marker system to fulfil this requirement. The goal of
this database is to be able to generate some informa-
tion about the identity of the remains where classical
techniques did not yield positive identification; all
samples should be typed for mtDNA.

We are neither proposing or advocating that DNA should
be the only tool for identification. The Phoenix program is
using DNA just to find matches between relatives of miss-
ing persons and unidentified cadavers or human remains
of previously unsolved cases. Therefore, DNA is just an-
other piece in the puzzle to help to determine the identity
of remains that had never been identified using non-ge-
netic approaches. Final identification relies not only on
the DNA results (despite the undoubted value), but also
on other police investigation information and forensic
data [6]. So far, in the first 8 months of operation, 6 cases
have been solved, some of them belonging to human re-
mains that are at least 8–10 years old. It is anticipated that
with the analysis of more cases in the next 2 years, and as
the relative proportion of QD samples increases compared
with that of RD samples, a larger percentage of cases will
be solved.

Beneficial social applications of scientific advances is
a commitment that science and the scientist must pursue.
There is no doubt that genetic advances have played a ma-
jor role in the forensic community over the past 15 years,
helping to solve difficult criminal cases where biological
evidence is found, exonerating the innocent, supporting
the creation of criminal databases and resolving identity
in mass disaster cases. A structured DNA database pro-
gram (as implemented through the Spanish Phoenix pro-
gram) is needed to help to solve many cases. International
collaboration has started in the Latin American area
through GITAD/AICEF [18], but further international co-
operation is necessary to make this a valuable world-wide
effort for identification of missing persons.
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