
Abstract We report the positive identification of several
members of the guerrillas led by Ernesto “Che” Guevara
on the 1960 s in Bolivia by means of DNA fingerprinting.
Successful DNA typing of both short tandem repeat loci
and the hypervariable region of the human mitochondrial
DNA was achieved after extracting total DNA from bones
obtained from two burial sites. Given the size of the
Cuban database for the STR allele frequencies, a conser-
vative approach was followed to estimate the statistical sig-
nificance of the genetic evidence. The estimated probabil-
ities of paternity for the two cases in which the paternity
logic was applied were higher than 99%. One case was
analyzed using mitochondrial DNA and could not be ex-
cluded from the identity proposed by the forensic anthro-
pology team. A fourth case was identified by exclusion,
on the basis of the positive identification of the other re-
mains, the historical and other anthropological evidence.
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Introduction

The growing knowledge in the field of molecular biology
has boosted the power of human identification techniques.
Advances such as the use of the polymerase chain reac-

tion have allowed the forensic investigator to positively
identify persons based on the analysis of very small
amounts of tissue.

In March 1995 a commission was created by the Boli-
vian government to find the remains of the Che Guevara’s
guerrilla members which were buried somewhere in 
the countryside during the 1960 s [Anonymous (1997),
Granma June 26:3]. Soon the group became international,
including forensic scientists from Argentina, Cuba, and
Bolivia. After several months of historical research and
work in the field, remains from several bodies were found
in two burial sites. The site on Cañada del Arroyo 
contained the potential remains of the Bolivians Jaime
Arana Campero “Chapaco” and Francisco Huanca Flores
“Pablito”, the Peruvian Lucio Edilberto Galván “Eu-
staquio”, and the Cuban Octavio de la Concepción de la
Pedraja “Moro”. The second site in Florida contained the
remains of the Cuban Carlos Coello “Tuma”. In order to
further assess the identity of the remains, DNA testing
was considered imperative for the case of the two Cubans
and the Peruvian Lucio Edilberto Galván “Eustaquio”.

Until now the most promising approach to analyze the
polymorphisms of the DNA and thus establish the genetic
identity of remains is the one based on the short tandem
repeats (STR)[1–3]. These loci are repeats of three to
seven bases and are highly polymorphic in human popula-
tions [4–6]. The analysis of STR by the use of the poly-
merase chain reaction (PCR) has aided the process by al-
lowing the use of small amounts of DNA.

Such DNA typing using the standard forensic speci-
mens (fresh tissue, sperm, hairs) has been reported to be
reasonably straightforward [7]. However, this is not the
case when only very old samples are available, such as old
bones and teeth. Several protocols have been described to
obtain PCR competent DNA for STR and mitochondrial
analysis from forensic samples [8–11] but many factors
can adversely influence the performance of the technique
when such materials are used [12].

Using a procedure based on the use of protease, deter-
gent, organic extraction and a final step of spin dialysis,
DNA was obtained which allowed successful typing from
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bones that had been buried for 30 years in the tropical
conditions of Bolivia. The analysis confirmed the identi-
ties proposed by the forensic anthropologists. The statisti-
cal significance of the genetic evidence was estimated
from the allelic frequencies observed on a sample of the
Cuban population (manuscript in preparation).

Materials and methods

DNA extraction and purification from bone

Bone samples were obtained, coded by a third party and delivered
to two different laboratories (1. Center for Genetic Engineering
and Biotechnology, Havana,Cuba, and 2. the AIDS Research Lab-
oratory, Havana, Cuba) to be typed blind. The whole procedure
was organized following strict standard rules to avoid PCR conta-
mination. 

Bone fragments were reduced to powder by the use of a Uni-
versal Mill M-20(AGEM, Cuba). From these 5 g powder was de-
calcified in 0.5 M EDTA pH 7.5, 3 times for 12h each and washed
twice in sterile distilled water. The remaining pellet was suspended
in lysis buffer (10 mM Tris-HCl pH 8, 10 mM EDTA, 100 mM
NaCl, 2% SDS, 0.5mg/ml Proteinase K). After 12 h at 56 °C with
slow shaking, Proteinase K was added to a final concentration of
1mg/mL, and incubation continued for additional 24 h. The lysate
was extracted in phenol/chloroform (1 :1) once and the aqueous
phase was extracted with ether and heated for 10 min at 55 °C to
eliminate organic traces. The remaining DNA solution was con-
centrated by Centricon 100 (Amicon, USA) to a final volume of
40–100 µl and washed twice with sterile distilled water. The DNA
concentration in the final extracts was determined by dot blot hy-
bridization to a human satellite DNA probe following the instruc-
tions of the manufacturer (Quantiblot, Perkin Elmer, USA).

STR typing by PCR

Various amounts (from 0.1 to 2 µl) of the extracted DNA were
used in PCR reactions containing primer sets to amplify the STR
loci HUMCSF1PO, HUMTHO1, HUMTPOX, HUMF13A01,
HUMFESFPS, HUMBFXIII, HUMHPRTB, HUMVWFA31, and
HUMLIPOL [1,13]. PCR reactions also contained 50 mM KCl, 10
mM Tris-HCl pH 9.0, 1.5 mM MgCl2, 0.1% Triton X-100, 0.2 mM
each dNTP, 12.5 pmol each oligonucleotide, and 0.5–10 units of
Thermus aquaticus (Taq) DNA Polymerase (Heber Biotec, Cuba)
in a final volume of 25 µl. In cases where obvious inhibition of the
enzyme was present, acetylated BSA (Biolabs, USA) was included
at a final concentration of 170 µg/ml. A Minicycler (MJ Research,
USA) was employed for the systems HUMBFXIII, HUMFESFPS,
HUMHPRTB, HUMLIPOL and HUMVWFA31 (96°C for 2 min,
then 10 cycles of 94°C for 1 min, 60°C for 1 min, 70°C for 1.5
min, then 20 cycles of 90°C for 1min, 60°C for 1 min, 70°C for
1.5 min). For HUMCSF1PO, HUMF13A01, HUMTH01 and
HUMTPOX the same program was used except for an annealing
temperature of 64°C.

After completion of the reaction, 3 µl was mixed with the same
amount of loading buffer (10 mM NaOH, 95% formamide, 0.05%
bromophenol blue, 0.05% xylene cyanol), heated for 2 min at 
95°C and immediately loaded on a denaturing polyacrylamide gel
(6% acrylamide, 0.31% bisacrylamide, 7M urea, 0.5X tris borate
buffer). Electrophoresis was carried out in 0.5X Tris borate buffer
[14] at constant power so that the gel temperature was kept at 
55°C. After an adequate time (depending on the marker to be re-
solved) the gels were satined with silver using the instructions of
the manufacturer (Promega, USA). Genotyping for each sample
was done by visual comparison of the resulting pattern with allelic
ladders containing all the known alleles (Promega, USA).

Mitochondrial DNA analysis

The same PCR reaction conditions and sets of primers previously
described [15] to amplify the hypervariable regions of the human
mitochondrial DNA were used to obtain mtDNA sequences from
the bone. The thermal cycling was 96°C for 2min; then 36 cycles
of 94°C for 1 min, 60°C for 1 min, and 72°C for 1min. The prod-
uct of the correct size was subcloned into the pGEM5ZF T-vector
(Promega, USA) and both strands sequenced on a Vistra 725 Au-
tomated sequencer using Texas Red labeled forward and reverse
primers (Amersham, UK). Each resulting sequence was compared
to the Anderson reference sequence [16] and differences were
recorded.

Database preparation

Human blood samples obtained at random at the Cuban Institute of
Legal Medicine were used to extract DNA by the Chelex method
[7]. A total of 60 samples were typed using the described STR sys-
tems and the allele frequencies were estimated by the allele count-
ing method. Further validation of the database for population stud-
ies and forensic purposes is being submitted for publication else-
where.

Statistical analysis

In order to estimate the significance of the observed match at the
STR loci, the logic of paternity analysis was followed. The pater-
nity index (PI) was calculated as described [17, 18] for each locus
and a combined PI was obtained as described for independently
segregating alleles. Using the combined PI, the probability of pa-
ternity (W) was estimated for each case [13, 17, 18].

Results and discussion

Sections of femoral shafts were used in all cases because of
their good condition compared to other bones. The skeletal
remains were in general very poorly preserved as expected
for a soil burial site in nearly tropical conditions. The outer
layers were removed under sterile conditions and pieces of
about 5 g were pulverized and subjected to DNA extraction.

For each bone sample delivered to the laboratories,
DNA was extracted twice along with the blank extractions
required to check for the presence of contemporary DNA
contamination. Both extractions where successful in all
cases, although the quantity and quality of the purified
DNA proved to be very variable when final extracts were
checked for the presence of human DNA and Taq Poly-
merase inhibitors (data not shown). Due to this fact, the
use of acetylated BSA was necessary in all cases and
higher amounts of polymerase per reaction was also re-
quired for some samples. The presence of Taq polymerase
inhibitors in DNA samples from bone has been widely re-
ported, although not extensively studied [19–21].

From the remains found at the burial site on Cañada
del Arroyo, those of the Bolivian Jaime Arana Campero
“Chapaco” were successfully identified by anthropological
means. For the identification of the putative remains of the
Cubans Carlos Coello “Tuma” and Octavio de la Concep-
ción de la Pedraja “Moro”, the logic of paternity cases
was followed as living relatives of the deceased men were
available.
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Table 1 shows the results of the STR typing data on the
sample from the potential remains of Carlos Coello
“Tuma”. No exclusion pattern was observed when the
genotypes were compared to those from his son and wife.
The statistical analysis of the data revealed a probability
of paternity of 99.89% (Table 1).

The paternity analysis performed on the putative re-
mains of the Cuban Octavio de la Concepción de la Pe-
draja “Moro” and his wife and son also revealed a high
probability of paternity of 99.57% (Table 2). These re-

sults, when considered together with the anthropological
evidences strongly argue for the proposed identities in the
cases of the two Cubans, even when the estimates are very
conservative. This was mainly given by the consideration
of the upper 95% confidence limit for the allele frequen-
cies due to the relative small number of individuals in the
database (Tables 1 and 2).

The remains of the Bolivian Francisco Huanca 
Flores “Pablito”, also found at the Cañada del Arroyo site,
were identified by exclusion, considering the positive
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Table 1 Statistical evaluation of STR data corresponding to the bone DNA sample thought to belong to Carlos Coello “Tuma” and his
wife and son

Locus Genotypes Paternal Number of Upper 95% Paternity in- Probability
allele individuals limit of dex (for 95% of paternity

Wife Son Bone freq. in database allele freq. upper limit) (W, %)

HUMVWFA31 16 16 16 0.297 37 0.401 2.56 71.9
18 17 17 0.121 0.195

HUMTH01 6 6 6 0.200 50 0.278 1.69 62.8
9 9 9 0.230 0.312

HUMTPOX 8 8 11 0.260 50 0.345 6.41 86.5
8 12 12 0.040 0.078

HUMCSF1PO 11 11 13 0.102 49 0.161 3.1 75.6
11 13 14 0.030 0.063

HUMF13A01 4 4 4 0.100 45 0.161 1.77 63.8
4 7 7 0.200 0.282

HUMFESFPS 8 8 7 0.010 46 0.03 0.897 47.2
12 11 11 0.456 0.557

HUMBFXIII 6 9 9 0.265 47 0.354 1.11 52.6
9 10 10 0.351 0.447

HUMLIPOL 10 10 10 0.467 46 0.568 1.47 59.5
11 12 12 0.250 0.338

HUMHPRTB 9 11 11 0.153 39 0.232 4.31 81.1
11 11 11

Cumulative values: 952.4 99.89

Table 2 Statistical evaluation of STR data corresponding to the bone DNA sample thought to belong to Octavio de la Concepción de la
Pedraja “Moro” and his wife and son

Locus Genotypes Paternal Number of Upper 95% Paternity in- Probability
allele individuals limit of dex (for 95% of paternity

Wife Son Bone freq. in database allele freq. upper limit) (W, %)

HUMVWFA31 16 15 15 0.162 37 0.245 2.04 67.1
16 16 17 0.121 0.195

HUMTH01 6 9 6 0.200 50 0.278 1.6 61.53
9 9 9 0.230 0.312

HUMTPOX 9 9 8 0.490 50 0.587 6.41 86.5
11 12 12 0.040 0.078

HUMCSF1PO 10 11 11 0.336 49 0.429 2.33 69.96
12 12 11

HUMF13A01 5 5 6 0.222 45 0.307 1.77 63.89
5 7 7 0.200 0.282

HUMFESFPS 11 10 10 0.293 46 0.386 1.29 56.33
11 11 13 0.065 0.115

HUMBFXIII 8 8 8 0.170 47 0.245 1.11 52.6
9 10 10 0.351 0.447

HUMLIPOL 10 10 10 0.467 46 0.568 1.76 63.76
11 10 10

HUMHPRTB 12 12 13 0.358 39 0.464 1.07 51.69
13 13 13

Cumulative values: 232.6 99.57
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identification of the other three men and the historical ev-
idence.

The potential remains of the Peruvian Lucio Edilberto
Galván “Eustaquio” could not be identified by the pater-
nity analysis approach as only a brother was available for
comparison. Given the hereditary characteristics of the
human mitochondrial DNA, the analysis of hypervariable
control regions from both samples (bone and brother) was
done to attempt the identification of the remains. When
both strands of the amplified hypervariable region 1 (HV1)
were sequenced, a polymorphism was reproducibly found
on the mtDNA from the brother (A→G, 16181 at the An-
derson reference sequence) which was not present in the
bone mtDNA. This result was unable to support neither a
positive identification of the remains nor an exclusion al-
though the burden of historical and anthropological evi-
dence, now enhanced with additional evidence (the positive
identification of other men in the same grave), allowed the
forensic researchers to conclude that the remains belonged
to the Peruvian Lucio Edilberto Galván “Eustaquio”.

Although the analysis of the hypervariable regions in
the mitochondrial DNA is already a very promising tool
to exclude maternal relatedness, several events have been
described which may hamper such a conclusion. Errors
introduced by the polymerase while using a damaged tem-
plate [22], amplification of nuclear insertions of mito-
chondrial sequences [23] and new mutations leading to
homoplasmy or heteroplasmy [24], have been described
and might explain the differences found in this study be-
tween the two potential brothers. 

These results contributed to confirm the power and the
usefulness of the DNA typing as a means, in some cases
unique, to assess the identity of old human remains. Al-
though the samples analyzed for this study were about 30
years old, much older bones have been successfully typed
by using this procedure in our laboratory [25, and unpub-
lished results]. The positive identification of members of
the Ernesto “Che” Guevara guerrilla is important for both
historical and humanitarian reasons and it is a key part of
an on–going effort to find and identify all the members of
that group who died in battle in Bolivia.
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