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Mummified human remains are valuable sources of information on past populations. Here we report on the
radiological and molecular findings of a partially mummified individual found in northern Botswana. This
desiccated mummy from the Tuli region is the first to have been reported from this region. The remains
were those of an older male adult of African origin. He was interred in a tightly flexed position and wrapped
in an animal skin. Computerised tomography (CT) scanning revealed that none of the internal organs was
preserved. Multiple post-mortem alterations are seen, but apart from some degenerative changes of the
lower vertebral column, the axial skeleton has remained intact. The advanced osteophytosis suggests an
older age than what was previously estimated. The aDNA analysis confirms Sotho–Tswana and possibly
Khoesan genetic relatedness, as could be expected from individuals from that region. These results represent
one of the first CT scans of a mummified individual from southern Africa, and also the first successful aDNA
extraction from such remains.
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Introduction
Mummified remains are uncommon finds, especially in southern Africa. They are valuable sources of information
on past populations1-5, and they also tend to evoke considerable emotion as they provide a very vivid view of life
in the past6. Such remains in southern Africa are usually preserved as a result of desiccation, and they are thus
found in caves, rock shelters or other areas where they are protected from water. Many other factors also contribute
to mummification, such as level of humidity, temperature, and covering or clothing. For example, mummified
remains have been recovered from a rock shelter in the Kouga region7, the Historic Cave in the Makapan Valley6
and Eland Cave8.
Recently, Mosothwane9 described the discovery of a partially mummified individual from the Tuli region of
Botswana – the first such remains found in Botswana (Figure 1). The site is located in a privately owned game
lodge, the Northern Tuli Game Reserve, approximately 20 km west of the Shashe-Limpopo confluence. Bone
collagen from the mummy was radiocarbon dated to 140±30 BP or AD 1675–1735 (2-sigma calibrated) or
alternatively from AD 1800 to post-1950 (Beta Analytic; 400348).
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The intact mummy, covered with animal skin, discovered in the Tuli region of Botswana.

The remains were found in a shallow grave at the base of a cliff. The cliff provided a roof directly above the grave
which then limited the amount of rain water falling directly on the grave. The cliff also provided full-day shade
coverage above the grave. The body was tightly flexed at the hips and elbows and wrapped with a cow skin with
the furry part against the human remains. It was then tied with a rope made of plant fibre.
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A list of the primers used, target region and expected PCR product size

Primer

B1
B1-F

Specialised medical analysis on mummified remains including diagnostic
imaging technologies such as X-ray or computerised tomography (CT)10,
isotopic analyses11,12, DNA extraction13-15 and histological analyses16
have become the standard for the assessment of mummies across the
world and to a limited extent also in southern Africa6,7. Such studies
allow us to answer more questions on the origins, diseases, and reasons
for preservation of the remains.

140

16131–16228

B1-R
TTGCAGTTGATGTGTGATAG
C1
C1-F

Materials and methods

C1-R

The Tuli mummy is currently housed at the Botswana National Museum
in Gaborone, Botswana. The mummified remains were radiographically
and macroscopically analysed. In addition, various samples were
extracted. These samples included those for aDNA extraction from soft
tissue and teeth and radiocarbon dating from bone (collagen). aDNA
comparative samples were obtained from the GenBank database.
Overall the macroscopic sample preservation was extremely good as
indicated by the results of the radiographic and osteometric analysis.
Likewise, bone collagen preservation was good and yielded reliable
radiocarbon dates.

CTGTAATGTGCTATGTACGGTA

56

HVRI

141

16225–16325

AAGTACAGCAATCAACCCTC

D3

54

D3-F

HVRI

136

16307–16406

TACCCACCCTTAACAGTACA
D3-R
TATTGATTTCACGGAGGA
U2e1

The remains of the Tuli individual were examined using a clinical CT
scanner (Toshiba) at the Bokamoso Private Hospital in Gaborone in
August 2011. Imaging parameters were as follows: 512×512 matrix;
5 mm slice thickness, 80 mA tube current, 120 kV tube voltage and
1.087×1.087 pixel spacing. In total, three series were obtained:
axial (194 images), coronal (38 images) and sagittal (30 images).
The data sets were processed with OsiriX–64 bit (version 5.8.5)
software, including multiplanar reconstructions and three-dimensional
volume rendering.

63

U2e1-F

HVRII

112

274–348

CACAGCCACTTTCCACACAG
U2e1-R
TCTTTGTTTTTGGGGTTTGG
Ha

63

Ha-F

After the remains were scanned, the cow hide was carefully removed
and several samples were collected at the archaeology laboratory of
the University of Botswana. This sampling was done under controlled
circumstances, with investigators wearing masks and gloves so as
to avoid contaminating the remains. However, it should be taken into
account that the remains were not excavated under such controlled
conditions, but it can be assumed that the cow hide would have to
some extent protected the remains from contamination. These samples
were exported and DNA extraction was undertaken at dedicated aDNA
laboratories in Zurich (Switzerland) at the Institute for Evolutionary
Medicine. Other samples were sent to Beta Analytic Inc. (Miami, FL, USA)
for radiocarbon dating.

COII

153

6938–7059

TCTGAGCCCTAGGATTCATC
Ha-R
TGATGGCAAATACAGCTCCT
Hb

63

Hb-F

COII

90

7013–7062

AGACATCGTACTACACGACACG
Hb-R
AAGCCTCCTATGATGGCAAA

Both bone and soft tissue were used to extract DNA and this extraction
was performed under strict, sterile conditions. A modified phenolchloroform method17,18 was used, in which elution of the DNA was done
by using a column tube with a chaotropic agent. DNA concentration was
measured using a digital spectrophotometer (Qubit). This method was
followed by standard polymerase chain reaction (PCR) amplification of
the SRY gene and real-time PCR for the AMELX and AMELY genes to
determine genetic sex. Standard PCR amplification of ancestry-specific
mtDNA markers (HVRI, HVRII, COII) was performed using a HotStart
polymerase and PCR primers that targeted overlapping gene regions.
Table 1 is a summary of the mtDNA primers used (with forward and
reverse sequences), the optimal annealing temperature for each primer
pair, as well as the expected size of the PCR product after amplification.
The PCR temperature conditions were as follows: 98 °C, 3 s, (98 °C,
10 s, Tm, 20 s, 72 °C, 15 s) x 46 cycles, 72 °C, 5 min, 10°C, ∞.

http://www.sajs.co.za

HVRI

CACCATGAATATTGTACGGT

The aim of this paper is to report on the outcomes of specialised
analyses of the Tuli mummy, including CT scanning and aDNA analysis.
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mtDNA/primer
position 3’

Product size (bp)

Table 1:

Melting
temperature (°C)

The remains were nearly complete, except for parts of the right femur
and some phalanges which may have been carried off by scavenging
animals. Skin, tendons, hair and nails were preserved. Based on the
facial hair and skeletal characteristics that were visible, the remains were
assessed to be that of a male adult aged between 40 and 55 years.
When the animal skin was removed as part of the detailed study
described below, soft tissues of the genital region could be visualised,
further confirming the sex of the individual. The initial publication by
Mosothwane9 only provided a basic morphological description of the
remains, with no detailed or specialised analyses.

Amel

66

AMEL

106

Amel-F
CCCTGGGCTCTGTAAAGAATAGTG
Amel-R
ATCAGAGCTTAAACTGGGAAGCTG

PCR was followed by cloning in Escherichia coli bacteria, purification
and automated Sanger sequencing. CLCBio (www.clcbio.org) was used
to view and edit the sequences and to create contigs. Then the MEGA6
platform19 was used to create alignments with matching reference
sequences from GenBank; the algorithm SplitsTree4 was used to
construct an allele network.
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Results

of post-mortem damage, most probably caused by animals burrowing
into the grave. Figure 2 shows a volume-rendered image of the remains,
in which the reversed position of the distal femur can be seen. The rest of
the femur had been broken off post-mortem but was recovered next to the
burial. Skin lesions and damage were found at multiple parts of the body.

Radiocarbon dating
Two possible dates were obtained, based on where the samples fell
on the calibration curve: 140±30 BP or AD 1675–1735 (2-sigma
calibrated) and AD 1800 to post-1950. The earlier date seems more
likely based on the few available potsherds, although the cultural
material does not help to refine the age of the burial. Further dating,
perhaps of the wooden posts, may provide more clarity. Broadly
speaking it can be concluded that the age of this burial fell into the
Late Iron Age.20

As far as the skull specifically was concerned, the facial bones were
found to be intact but no remnants of the brain could be identified
(Figure 3). The lamina cribrosa as well as the foramen magnum itself
were intact, which mostly excludes artificial excerebration, as seen
in, for example, Egyptian mummies. The cranial cavity was almost
completely filled with radiodense material (ranging from -177 to
+344 HU); only the right cranial cavity showed a 20-mm wide empty
region. The infill was probably soil, although some of the debris
potentially included brain or dura remnants. The fact that the soil had
accumulated on the left side of the cranial cavity with empty space on
the right, indicates that the remains had been buried lying on the right
side from the start (i.e. it is unlikely that the body fell over after initially
having been positioned in a sitting position, for example). The scalp is
mostly intact.

CT scanning
The quality of the CT scans (slice thicknesses of several millimetres)
did not allow a definite anatomical-pathological assessment of this
individual. Any diagnosis thus has to be taken as provisional.
Several bones and bone parts were missing, including the proximal part
of the right femur, some carpals, metacarpals and phalanges of the left
hand and some phalanges of the right hand. These parts probably were
lost as a result of wild animals burrowing into the grave.9 The mummy was
in a foetal position, with the arms and legs flexed and the head inclined
forward. The left hand was under the head, close to the angle of the jaw,
and the right hand was found in front of the mouth area. The chest and
abdomen were heavily compressed, with the entire left side of the chest
and abdomen severely damaged. The distal part of the right femur was
out of position, in front of the body but rotated. The rotation was a result

All sinuses as well as the mastoids were well pneumatised. The contents
of both orbits were not preserved; while the left orbit was empty the right
orbit was filled with soil. The mouth was slightly open and empty, but the
nasal cavity was filled with soil.
Because of the relatively large slice thicknesses of the CT scans,
assessment of the oral structures and dental pathologies was difficult.

a

b

c

Arrows, soil/stones in cranial and thoracic cavity and pelvis; C, left calcaneal bone; LF, left femoral head; RF, right distal femur in reverse position.

Figure 2:

(a) Three-dimensional volume rendering, (b) maximal intensity projection and (c) sagittal slice of the Tuli mummy.
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Several teeth were lost, probably post-mortem (lower left incisors, upper
right incisors, upper left incisors and canine, upper left second premolar,
lower left first premolar) (Figure 4). These teeth were not found elsewhere
in the wrapping and it is assumed that they may have fallen out and been
lost. The alveolar bone of the maxilla and mandible seemed to be lost
around the incisival area. It seemed that there was heavy abrasion or
wear on the molars, and possibly a deep carious lesion on the occlusal
surface of the left lower first molar, with possible ante-mortem loss of
the second molar.

a

L2

b

c

L3

L4

right
a

right

Figure 5:

b

right

The pelvic girdle was compressed. While the right hip joint was damaged,
the left hip was intact with the head of the femur positioned inside the
acetabulum. The joint space was filled with soil. The sacroiliac joints
were intact, and some soil entered in the joint space on the left side.

S

The chest was heavily compressed, mainly on the left side (Figure 6).
The left shoulder girdle was moved dorsally whereas the right side was
displaced more anteriorly. Both clavicles were rotated dorsally. While
the costo-vertebral joints remained intact the ribs were luxated forward
in many places and showed multiple fractures. These distortions and
fractures are all the result of post-mortem/perimortem damage. The left
thoracic cavity was filled with soil; the right thoracic cavity was empty.
No internal organs nor the mediastinum could be differentiated. Diverse
large skin lesions (most likely post-mortem as a result of handling and
taphonomic alterations) were found in the upper chest and neck area.

S

S, soil/stones in cranial cavity; arrow, soil/stones in orbital cavity.

Figure 3:

(a) Coronal slice of the lower vertebral column with degenerative alterations (shown by arrows); and axial slices of (b)
lumbar vertebra number 3 and (c) lumbar vertebra number 4
(red arrowheads show soil entering the spinal canal).

(a) Axial slice and (b) coronal slice of the skull of the Tuli mummy.

While the left part of the abdomen was compressed, the right was
mainly intact (Figure 6b). No internal organs could be identified. Again,
the radiodense material (soil) was seen in the lesser pelvis.

a

a

Th9

b

right

L4

right
Arrows, dense structures, dry density soil.

b

c

Note the absence of internal organs.

Figure 6:

Figure 4:

Both arms were in a flexed position, with the elbow joints intact and
showing no degenerative changes. Both knee joints were fully luxated.
However, the patello-tibial as well as the proximal tibio-fibular joints
remained intact and the right patellar ligament was visible. Both feet were
in eversion, with subluxed ankle joints. This position may be the result of
tightly flexing the body while wrapping it in the animal skin. Radiodense
material was visible in the distal right femur; most likely surrounding soil
had entered into the open long bone, but it might also have been liquid
material which thickened postmortally.

(a) A three-dimensional curved multiplanar reconstruction of
the dentition; (b) a two-dimensional multiplanar reconstruction
of a sagittal slice of the lower left jaw; and (c) a twodimensional multiplanar reconstruction of a sagittal slice, with
a possible deep carious lesion on the occlusal surface of 36
with apical osteolysis.

Molecular analyses
Some minimal contamination of the PCR reactions was noted, namely by
microbial genes such as Candida, Mycobacter and Gluconacetobacter,
which was verified through comparison with GenBank sequences.
Contaminated samples were not used in further analyses. The DNA
sequences obtained were not all usable, and owing to the degraded
nature of aDNA, only the HVRI sequences could be used. Sequences
were then queried against the GenBank database and apart from the
above-mentioned contaminated samples, all shared some sequence
similarities with human mtDNA sequences. Among the matches were

The vertebral canal was filled with soil and possibly some remains of
dura. The dens of the axis was intact but slightly moved forward within
the atlanto-axial joint. The disc spaces from L2 to L5 were widened
and an anterolisthesis L4 to L5 (10 mm) was seen (post-mortem
alterations). Multiple osteophytes could be observed on the lumbar
spine (L2–L5; very pronounced at L3 and L4) (Figure 5), mainly at
the right frontal side of the vertebral bodies. No further degenerative
changes were seen on the vertebral column.

South African Journal of Science
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Severely compressed (a) thoracic and (b) abdominal cavities.
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haplotype network, using the program SplitsTree422, which is presented
in Figure 8. The abbreviations to the sequence labels denote countries of
origin or group affinities as reported by anonymous DNA donors.

mtDNA sequences from a Kgalagadi individual, Sotho, Khoi, Tswana
and Zulu individuals. The names of these sequences, named after
cultural affinities, were based on self-identification of the donors. Table 2
shows a summary of the alignments between the Tuli mummy and
each of the above-mentioned reference sequences. Figure 7 depicts
these alignments.
Table 2:

Discussion
Huffman20 describes burial practices in Zimbabwe, in which burials of
sacred leaders were said to receive special attention. After such a leader
died, his body was not immediately interred but instead was mummified,
usually by slowly drying it over a low fire. This preserved body would
then be wrapped in a cloth or bull hide, and buried at the same time
that the successor came into power. It seems possible that a similar
process was followed here, and that the body may have been cured or
smoked over a low fire which lead to its preservation. What is not clear
is whether the internal organs were removed before this process. In the
Tuli mummy, no evidence of the presence of internal organs was found.
It is possible that the organs have decayed completely, but the possibility
that they were removed prior to desiccation should be considered. The
extreme flexion of the body is interesting, as is the fact that this level of
flexion could be achieved possibly such a long time after death; although
wrapping the body in an animal skin and then tying it together with a rope
assisted in the process. On the other hand, the fact that other biological
material (e.g. buried wooden poles, the skin wrapping the body and plant
fibre used to tie the body) was found in good preservation raises the
possibility that desiccation of the remains may have occurred naturally.

Summary of variants between query sequence and reference
sequences
Sequence
length (bp)

% Identity

Kgalagadi

121

87

0.91

Sotho

121

87

0.91

Tswana

121

86

0.92

Zulu

121

86

0.92

Reference sequence

Transitions/
transversions (R)

When compared to the revised Cambridge Reference Sequence,
the mtDNA sequence obtained from the Tuli mummy was assigned
to haplogroup L0, without any further resolution as to which subhaplogroup it may belong to, owing to the poor quality of the sequences.
Therefore, in order to better understand the likely genetic heritage of the
Tuli mummy, the sequences were used to create an alignment that also
included mtDNA control region sequences from other African sequences,
accessed via GenBank.21 Most of these were southern African and were
added for better comparison. This alignment was used to create a

Figure 7:

The individual shows multiple post-mortem alterations, including a
compressed thorax/abdomen as well as missing bone parts. However,
apart from some degenerative changes of the lower vertebral column, the
axial skeleton remained intact. The presence of these multiple degenerative
changes warrants a revision of the initial age estimation, indicating that

a

b

c

d

Alignment of the Tuli HVRI sequence against reference sequences representing a (a) Kgalagadi, (b) Sotho, (c) Tswana and (d) Zulu individual, respectively
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BOT6252
Mozambique, NAM459

Sot65
Tuli

L2

Kgalagadi

ZAM608, Tsw25CR1, KZU034CR1, SanC1L3, KHO064
San102LOk, SanC3LOk

SanC6LOd2, San107LOd2, SKOO2, NAM119
BOT5019

Zam461

Sotho, Tswana, Zulu
MARBr592
Tsw24
Zam201
San54LOd
SanC5LOd

KGA008
Zu35

MARB592, Morocco; Zu, Zulu; KHO, Khoi; BOT, Botswana; ZAM, Zambia; KGA, Kgalagadi; Tsw, Tswana; NAM, Namibia; L2, haplogroup L2.

Figure 8:

Network showing the relationship between the Tuli mummy and other reference sequences. The Tuli individual is marked in bold print for
easier viewing.

Southern African mummies are rare finds, and detailed analyses even
rarer. We have reported the first successful extraction of aDNA from such
mummified remains, and included detailed CT scanning results. These
may serve as reference for future such studies, which may include other
such remains, for example the Kouga mummy.

the individual was probably older than what was initially thought. This
revision is supported by the observation of advanced dental wear. An age
estimate of over 50 years is thus deemed to be more accurate. The Tuli
mummy could not be fully evaluated based only on the available CT scans.
Difficulties were caused by the slice thickness and partially incongruent
scan series, as well as the soil, which entered at diverse regions.
Unfortunately, limited facilities are available in Gaborone for this purpose
and specialised analyses remain difficult.
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significant because of the lengths of these alignments and also because
of the 11 nucleotide gap.
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