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Abstract

Ancient DNA (aDNA) is used to explore the
genetic landscape of the past and investigate
the movement, mixture, and adaptation events
that shaped present-day patterns of human
genetic diversity. The present study was
designed to explore the genetic composition of
the ancient people of Sri Lanka. Despite the
low amino acid racemization often found in
skeletal remains of Sri Lanka, we attempted to
extract DNA from skeletal remains of 5
individuals found from several sites in
intermediate climatic zone in Sri Lanka by
using methodologies particularly designed for
highly damaged and degraded DNA. We
attempted to extract and sequence DNA from
the petrous part of the temporal bones and
tooth roots of remains excavated from Sigiriya
Potana, Pellemalala (4,500 YBP) and Mini-
atheliya (1,000 - 5,000 YBP) in Sri Lanka. The
bone processing, DNA extraction and
amplification were performed in three separate
rooms with dedicated equipment as
accordance to the recommendation for analysis
of aDNA. All measures were strictly taken to
minimize contamination with modern samples.
Using the DNA extracts, we prepared dual-
indexed single-stranded libraries treated with

uracil-DNA glycosylase (UDG) to reduce the
rate of ancient DNA damage. Prior to
sequencing, in-solution target hybridization
was used to enrich the sequences that overlap
the mitochondrial genome and about 1.24
million genome-wide SNPs. Sufficient data
passing quality control standards for any of the
five individuals studied was not obtained.
Coverage of the mitochondrial genome ranged
between 0.04-0.45x, with damage rates at the
terminal nucleotide that were not indicative of
authentic ancient DNA. A range of 453-2,838
SNPs out of ~1.24 million targets were
covered across the nuclear genome, translating
to a maximum coverage of 0.004x. The
damage rates at the terminal nucleotide were
not indicative of authentic ancient DNA. The
low numbers of SNPs hit on the X and Y
chromosomes  precluded the confident
assessment of genetic sex in all individuals but
it is possible that the ancient skeletal sample
represented by Sigiriya Potana is a female
individual. Although the recent published
work on using the petrous part of the temporal
bone has generated many times more data than
other skeletal elements, even this technique did
not work to generate aDNA on this set of
prehistoric skeletal remains found in the
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intermediate climatic zone in Sri Lanka. It is
possible that other sites might provide better
taphonomic preservation conditions than the
sites we analysed, and in addition a priority
should be to attempt ancient DNA analysis
from skeletal remains found in Sri Lanka’s dry
zone.

Keywords: ancient DNA, prehistoric skeletal
remains, Sri Lanka

Introduction

Ancient DNA (aDNA) is DNA from
organisms that lived decades to hundreds of
thousands of years ago. It can be used to
explore the genetic landscape of the past and
investigate the movement, mixture, and
adaptation events that shaped present-day
patterns of human genetic diversity. Ancient
DNA can be recovered from biological
remains (including hard and soft tissues) and
has also been recovered from sediment as well
as from residues on objects used by people;
however, it is most common to extract DNA
from bones and teeth. Particular elements of
the human skeleton — including the petrous
part of the temporal bone!>®, tooth
cementum?+18 and the auditory ossicles®*
have been shown to preserve DNA much better
than other skeletal elements (particularly
elements of the postcranial skeleton but also
other elements of the cranium and other parts
of the teeth). The most frequently used skeletal
element today in aDNA research is the petrous
bone, and in particular the cochlea, which has
shown to be even more DNA-rich than other
parts of the petrous bone® (a protocol for
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obtaining powder from the cochlea for aDNA
analysis is published in Pinhasi, et al. 2019.)?°

While the identification and analysis of parts
of the skeleton that have been shown to be
particularly DNA-rich has greatly benefitted
the field of aDNA research, allowing the
recovery of greater amounts of DNA from
contexts where bio-molecular preservation is
likely to be poor, the DNA recovered from
these skeletal elements is still invariably
damaged because the enzymatic repair
processes that maintained the molecules
during life cease to function®. At the time of
an organism’s death, endogenous nucleases
begin to break down the nucleotide chain into
small pieces that can be millions of times
shorter than their original length, while
hydrolytic and oxidation reactions fragment
the DNA backbone and chemically modify the
nucleotide bases®!%?42".28 Post-mortem DNA
damage accumulates at a rate that is influenced
by various environmental factors, which
include temperature, exposure to moisture, and
the pH of the environment in which the
remains were deposited or interred?:?>3%, DNA
preserves best in cold and dry environments
with stable temperatures, and worst in hot and
humid places, particularly those that
experience temperature fluctuations®.

It is well known that the hot and humid
environmental  conditions  in  tropical
environments promote DNA degradation and
oftentimes results in poor DNA recovery from
ancient biological materials®®°3!, Although
there is presently no reliable way to evaluate
the preservation of DNA without carrying out
DNA analysis, amino acid racemization has
previously been used as a tool to estimate the
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preservation of DNA in bones®!. Reed (2003)
reported that the preservation of a DNA is
likely to be very poor in Sri Lanka according
to records on low amino acid racemization of
prehistoric bones found in highland dry
caves®>. Despite the low amino acid
racemization found in skeletal remains of Sri
Lanka, we attempted to extract DNA from
skeletal remains found in intermediate climatic
zones in Sri Lanka by using methodologies
particularly designed for highly damaged and
degraded DNA, as would be expected for
remains from Sri Lanka.

On the basis of the annual rainfall pattern, Sri
Lanka is classified into three main climatic
zones: the wet zone, dry zone and intermediate
zone. The wet zone runs over the south-
western region of the country which includes
the central hill country and receives
comparatively high mean annual rainfall of
over 2,500 mm. The dry zone runs
predominantly over the northern and eastern
part of the country and receives a mean annual
rainfall of less than 1,750 mm. The
intermediate zone lies in between wet and dry
zones and receives a mean annual rainfall
between 1,750 to 2,500 mm, with a shorter and
less-prominent dry season*?,

Prehistoric skeletal remains have been
excavated from sites in different climatic zones
in Sri Lanka. The sites of Fa-Hien lena at
Bulathsinghala (34,000 + 5,400 C* YBP),
Batadomba lena near Kuruwita (28,500-
11,500 C¥Y BP), Beli lena at Kitulgala
(27,000 - 35,000 C'** YBP), and Alu lena at
Attangoda - Kegalle (10,500 C* YBP) are
located in the wet zonal cave sites which have

yielded human skeletal remains belonging to
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Sri Lankan prehistory. Bellan bandi palassa at
Balangoda (6,500 C'* YBP), located in the low
country wet zone of the island, has also yielded
human skeletal remains belonging to Sri
Lankan prehistory®.

The cave site of Sigiriya Potana, in the Matale
district of Sri Lanka, which is situated in the
intermediate zone, has yielded human skeletal
remains dating to 4,000 YBP1. Pellamalala
which is one of the largest shell middens
situated at Hambantota district in the Southern
province in the intermediate zone has yielded
human skeletal remains dating to 4,500 YBP
36 Mini-atheliya, which is a shell midden area
at the Hungama, located at Hambantota
district, Southern province in the intermediate
zone 23 has yielded human skeletal remains
dated to 1,000 — 5,000 YBP.

The primary research question of our research
was to explore the utility of ancient DNA
technology to understand the genetic
composition of the ancient people of Sri Lanka
and in particular to investigate whether the
present-day inhabitants of the Sigiriya region
are genetically similar to these ancient people.
Therefore, we attempted to extract and
sequence DNA from the petrous part of the
temporal bones and tooth roots of remains
excavated from Sigiriya Potana, Pellemalala
(4,500 YBP) and Mini-atheliya (1,000 — 5,000
YBP) in Sri Lanka. (Figl.1).
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Fig 1.1 Location of the prehistoric sites from
which remains were studied - Potana,
Pellemalala and Mini —ethiliya. These sites are
located in the intermediate zone in Sri Lanka.

Study Design, Materials and Methods

The present study was designed to extract and
sequence DNA from human skeletal remains
of five ancient individuals from sites within the
intermediate zone in Sri Lanka and was carried
out as a collaboration of researchers in Sri
Lanka and the United States (Harvard Medical
School - HMS; Boston, Massachusetts, USA).
Included in the study were three individuals
from the site of Pallemalala and one individual
from the site of Sigiriya Potana who were
curated at the Postgraduate Institute of
Archaeology at University of Kelaniya, and
one individual from Mini-athiliya, Hungama,
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Hambanthota who was curated at the Star Fort
Archaeological Museum at Matara. Ethical
approval for this work was granted by the
Ethics Review Committee of Faculty of
Medical Sciences, University Sri
Jayewardenepura, Sri Lanka. Two teeth that
included tooth roots from Pellemalala and
three petrous parts of skull fragments were
transported to HMS for DNA analysis after
obtaining official approval from the Director
General of Archaeology in Sri Lanka for
export of the remains and for their scientific
analysis. The processing of skeletal remains
and the extraction, amplification, sequencing,
and analysis of DNA data was done at HMS.

The selection of particularly DNA-rich bone
elements for analysis followed Pinhasi et al.
2015 and Hansen et al. 2017'8%0 The
processing of bone material was carried out in
a dedicated ancient DNA ‘clean room’ in order
the impact of modern
The powder for DNA
extraction was produced from petrous samples
(n=3) following the protocol described in
Pinhasi (2019)%® by combining the use of a
Dremel disk saw and a fine sandblaster
(Renfert Classic Basic). A drilling technique
was used to create powder from the tooth roots
(n=2). After processing the bone, DNA was
extracted from ~50mg bone powder by
dissolving it in a DNA extraction solution
following published protocols®?22, All bone
processing was carried out by trained
technicians wearing full cover suits, double
gloves, hair nets, and face masks. All non-
disposal equipment and work surfaces were
sterilized through chemical cleaning as well as
the use of UV-irradiation.

to  minimize
contamination.
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From the DNA extracts, we prepared dual-
indexed single-stranded libraries® treated with
uracil-DNA glycosylase (UDG) to reduce the
rate of ancient DNA damage*. Prior to
sequencing, we used in-solution target
hybridization to enrich for sequences that
overlap the mitochondrial genome and about
1.24 million genome-wide SNPs'*141726 e
adopted this approach because we expected
that these ancient samples would likely have
low percentages of human DNA, making a
strategy to enrich for informative positions
more plausible than a shotgun sequencing
approach. DNA libraries were sequenced using
Illumina sequencing technology.

Results and Discussion

We did not obtain sufficient amounts of data
passing quality control standards for any of the
five individuals studied. Coverage of the
mitochondrial genome ranged between 0.04-
0.45x, with damage rates at the terminal
nucleotide that were not indicative of authentic
ancient DNA. A range of 453-2,838 SNPs out
of ~1.24 million targets were covered across
the nuclear genome, translating to a maximum
coverage of 0.004x. For this small amount of
DNA, the damage rates at the terminal
nucleotide were not high enough to be
indicative of authentic ancient DNA.

Although low numbers of SNPs hit on the X
and Y chromosomes precluded the confident
assessment of genetic sex in all individuals, the
sequences from the extracted DNA from the
ancient skeletal sample represented by Sigiriya
Potana are consistent with being a female.
Individual sex identification from skeletal
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material has become a complimentary analysis
to morphological assessment, the latter
requiring at least some level of skeletal
preservation and limited to adult individuals or
sub-adults with soft tissue preservation. Sex
determination is critical for investigating the
demography of a population, such as sex-based
population movements, marriage practices,
settlement practices, and infanticide, among
other topics. The female genetic sex of the
Potana individual is consistent  with
morphological assessment by Chandimal et al.
(2018)7. However, since there is no clear
damage associated with the sequences, it is
possible that the female DNA we have
sequenced is not that of the ancient individual,
but instead of a contaminating individual. An
important aspect of ancient DNA research is to
record the sex of the ancient individuals
studied whenever possible in order to obtain
greater insight into social structures or sex-
biased practices in the past.

A likely reason that we failed to recover
authentic aDNA from the five ancient
individuals from Sri Lanka is that the bio-
molecular preservation of these individuals
was extremely poor due to the climatic features
of Sri Lanka’s intermediate zone. In addition,
after removal from the archaeological site,
samples are frequently stored in archives or
museums, and the process of DNA degradation
continues. Long term storage of archaeological
specimens outside a lab freezer and prolonged
exposure to UV irradiation can function to
reduce the amount and the quality of DNA in
ancient specimens®. This may be another factor
contributing to the poor DNA preservation
from of the individuals studied as part of this
project. The skeletal samples of Potana and
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Pellamalala were excavated about ten years
prior to their attempted DNA analysis, and are
presently stored in boxes at room temperature
at the museum and the osteology laboratory of
the Postgraduate Institute of Archaeology,
located in Sri Lankan wet zone where the
environmental conditions are not conducive to
the preservation of DNA.

As aridity, low temperature, and neutral or
slightly alkaline pH are conditions that
promote the preservation of DNA®, a next
step of this research project could be to attempt
to recover DNA from skeletal remains found
in Sri Lankan dry zone, such as Mantai, Jaffna,
and Anuradhapura (among other sites), and
also to attempt analysis of DNA from fresh
excavations. Before attempting DNA analysis
on such unique prehistoric bones, it would be
informative to attempt DNA analysis on
historic bones from the same or similar
context, as it is evident that the DNA
preservation in tropics is not ideal. Although
the recent published work on using the petrous
part of the temporal bone has generated many
times more data than other skeletal elements,
even this technique did not work out to
generate aDNA on prehistoric skeletal remains
found in intermediate climatic zone in Sri
Lanka; however, given that the superior DNA
preservation of this bone is evident, we believe
that it should continue to be targeted in future
ancient DNA work in Sri Lanka.

With the very limited availability of prehistoric
skeletal remains it is of utmost importance that
even negative results are published, and that
researchers minimize the damage caused to
each bone, recognizing that there is a non-
trivial chance that their analyses will not yield
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usable data based on current methods.
Whenever possible, an antimere should be
preserved untouched for future research that
may utilize more powerful methods than are
available today. In addition, we encourage
archaeologists to store human remains in
temperature-controlled  settings  following
excavation to reduce further degradation to
aDNA within the skeletal remains.

Acknowledgement

The Department of Archaeology is
acknowledged for granting approval for
transportation of bone samples to the USA for
aDNA analysis and Postgraduate Institute of
Archaeology, University of Kelaniya is
acknowledged for providing bone samples for
the study. This work was supported by funds
from the Howard Hughes Medical Institute and
the John Templeton Foundation.

Conflict of Interest

None declared

Corresponding Author

Dr K M Chandimal
Department of Anatomy
University of Wayamba
Sri Lanka
kmchandimal@wyb.ac.lk



Sri Lanka Anatomy Journal (SLAJ), 5(11) 2021, 9-19

Chandimal KM, Sirak K, Edirisinghe EAST, Adikari G, Reich D, Yasawardene SG - An attempt to extract ancient DNA from the
petrous part of the temporal bones and roots of teeth of skeletal remains found in the intermediate climatic zone in Sri Lanka

CCBY 4.0

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution 4.0 license (unless stated

otherwise) which permits unrestricted use,

distribution and reproduction in any medium,
provided the original work is properly cited.

Copyright is retained by the author(s).

References

1. Adikari and Adikari, G. 1998. Aspects of
the prehistory of the Sigiriya-Dambulla

Region. Postgraduate Institute of
Archaeology, Colombo. (1998).

Adler, P.B., Seabloom, E.W., Borer, E.T.,
Hillebrand, H., Hautier, Y., Hector, A.,
Stanley Harpole, W., O’Halloran, L.R.,
Grace, J.B., Michael Anderson, T.,
Bakker, J.D., Biederman, L.A., Brown,
C.S., Buckley, Y.M., Calabrese, L.B.,
Chu, C.J., Cleland, E.E., Collins, S.L.,
Cottingham, K.L., Crawley, M.J.,
Damschen, E.I., Davies, K.F.,
DeCrappeo, N.M., Fay, P.A., Firn, J.,
Frater, P., Gasarch, E.l., Gruner, D.S.,
Hagenah, N., Lambers, J.H.R.,
Humphries, H., Jin, V.L., Kay, A.D.,
Kirkman, K.P., Klein, J.A., Knops,
J.M.H., La Pierre, K.J., Lambrinos, J.G.,
Li, W., MacDougall, A.S., McCulley,
R.L., Melbourne, B.A., Mitchell, C.E.,
Moore, J.L., Morgan, J.W., Mortensen,

15

B., Orrock, J.L., Prober, S.M., Pyke,
D.A., Risch, A.C., Schuetz, M., Smith,
M.D., Stevens, C.J., Sullivan, L.L.,
Wang, G., Wragg, P.D., Wright, J.P. and
Yang, L.H. 2011. Productivity is a poor
predictor of plant species richness.
Science. 333, 6050 (2011), 1750-1753.

Bada, J.L., Wang, X.S. and Hamilton, H.
1999. Preservation of key biomolecules
in the fossil record: Current knowledge
and future challenges. Philosophical
Transactions of the Royal Society B:
Biological Sciences. 354, 1379 (1999),
77-87.

Briggs, A.W., Stenzel, U., Meyer, M.,
Krause, J., Kircher, M. and Paabo, S.
2009. Removal of deaminated cytosines
and detection of in vivo methylation in
ancient DNA. Nucleic Acids Research.
38, 6 (2009), 1-12.

Brotherton, P., Endicott, P., Sanchez, J.J.,
Beaumont, M., Barnett, R., Austin, J. and
Cooper, A. 2007. Novel high-resolution
characterization of ancient DNA reveals
C > U-type base modification events as
the sole cause of post mortem miscoding
lesions. Nucleic Acids Research. 35, 17
(2007), 5717-5728.

Burger, J., Hummel, S., Herrmann, B.
and Henke, W. 1999. DNA preservation:
A microsatellite-DNA study on ancient
skeletal remains. Electrophoresis. 20, 8
(1999), 1722-1728.

Chandimal, K.M., Adhikari, G. and
Yasawardene, S.G. 2018. Morphological
Evaluation of Cephalic Phenotypes in



Sri Lanka Anatomy Journal (SLAJ), 5(11) 2021, 9-19

Chandimal KM, Sirak K, Edirisinghe EAST, Adikari G, Reich D, Yasawardene SG - An attempt to extract ancient DNA from the
petrous part of the temporal bones and roots of teeth of skeletal remains found in the intermediate climatic zone in Sri Lanka

10.

11.

12.

Purana (old) Inhabitants at Sigiriya
Suburbs, Sri Lanka. Sri Lanka Anatomy
Journal. 2, 2 (2018), 14.

Collins, M.J., Waite, E.R. and Van Duin,
A.C.T. 1999. Predicting protein
decomposition: The case of aspartic-acid
racemization Kinetics. Philosophical
Transactions of the Royal Society B:
Biological Sciences. 354, 1379 (1999),
51-64.

Colson, I.B., Richards, M.B., Bailey, J.F.,
Sykes, B.C. and Hedges, R.E.M. 1997.
DNA Analysis of Seven Human
Skeletons Excavated from the Terp of
Wijnaldum. Journal of Archaeological
Science. 24, 10 (1997), 911-917.

Dabney, J., Knapp, M., Glocke, 1.,
Gansauge, M.T., Weihmann, A., Nickel,
B., Valdiosera, C., Garcia, N., P&abo, S.,
Arsuaga, J.L. and Meyer, M. 2013.
Complete mitochondrial genome
sequence of a Middle Pleistocene cave
bear reconstructed from ultrashort DNA
fragments. Proceedings of the National
Academy of Sciences of the United States
of America. 110, 39 (2013), 15758-
15763.

Damgaard, P.B., Margaryan, A.,
Schroeder, H., Orlando, L., Willerslev, E.
and Allentoft, M.E. 2015. Improving
access to endogenous DNA in ancient
bones and teeth. Scientific Reports. 5,
(2015), 1-12.

Domros, M.Chandler, T.J. 1975. The
Agroclimate of Ceylon. Agricultural
Meteorology. 15, 1 (1975), 135-136.

16

13.

14.

15.

16.

Fu, Q., Hajdinjak, M., Moldovan, O.T.,
Constantin, S., Mallick, S., Skoglund, P.,
Patterson, N., Rohland, N., Lazaridis, 1.,
Nickel, B., Viola, B., Prifer, K., Meyer,
M., Kelso, J., Reich, D. and P&é&bo, S.
2015. An early modern human from
Romania with a recent Neanderthal
ancestor. Nature. 524, 7564 (2015), 216—
219.

Fu, Q., Mittnik, A., Johnson, P.L.F., Bos,
K., Lari, M., Bollongino, R., Sun, C.,
Giemsch, L., Schmitz, R., Burger, J.,
Ronchitelli, A.M., Martini, F.,
Cremonesi, R.G., Svoboda, J., Bauer, P.,
Caramelli, D., Castellano, S., Reich, D.,
Paabo, S. and Krause, J. 2013. A revised
timescale for human evolution based on
ancient mitochondrial genomes. Current
Biology. 23, 7 (2013), 553-559.

Gamba, C., Jones, E.R., Teasdale, M.D.,
McLaughlin, R.L., Gonzalez-Fortes, G.,
Mattiangeli, V., Domboréczki, L.,
Kovari, 1., Pap, 1., Anders, A., Whittle,
A., Dani, J., Raczky, P., Higham, T.F.G.,
Hofreiter, M., Bradley, D.G. and Pinhasi,
R. 2014. Genome flux and stasis in a five
millennium transect of European
prehistory. Nature Communications. 5,
(2014), 1-9.

Gansauge, M.T., Aximu-Petri, A., Nagel,
S. and Meyer, M. 2020. Manual and
automated preparation of single-stranded
DNA libraries for the sequencing of
DNA from ancient biological remains
and other sources of highly degraded
DNA. Nature Protocols. 15, 8 (2020),
2279-2300.



Sri Lanka Anatomy Journal (SLAJ), 5(11) 2021, 9-19

Chandimal KM, Sirak K, Edirisinghe EAST, Adikari G, Reich D, Yasawardene SG - An attempt to extract ancient DNA from the
petrous part of the temporal bones and roots of teeth of skeletal remains found in the intermediate climatic zone in Sri Lanka

17.

18.

19.

20.

21.

Haak, W., Lazaridis, I., Patterson, N.,
Rohland, N., Mallick, S., Llamas, B.,
Brandt, G., Nordenfelt, S., Harney, E.,
Stewardson, K., Fu, Q., Mittnik, A.,
Banffy, E., Economou, C., Francken, M.,
Friederich, S., Pena, R.G., Hallgren, F.,
Khartanovich, V., Khokhlov, A., Kunst,
M., Kuznetsov, P., Meller, H., Mochalov,
0., Moiseyev, V., Nicklisch, N., Pichler,
S.L., Risch, R., Rojo Guerra, M.A., Roth,
C., Szécsényi-Nagy, A., Wahl, J., Meyer,
M., Krause, J., Brown, D., Anthony, D.,
Cooper, A., Alt, K.W. and Reich, D.
2015. Massive migration from the steppe
was a source for Indo-European
languages in Europe. Nature. 522, 7555
(2015), 207-211.

Hansen, H.B., Damgaard, P.B.,
Margaryan, A., Stenderup, J., Lynnerup,
N., Willerslev, E. and Allentoft, M.E.
2017. Comparing ancient DNA
preservation in petrous bone and tooth
cementum. PLoS ONE. 12, 1 (2017), 1-
18.

Ha6ss, M., Jaruga, P., Zastawny, T.H.,
Dizdaroglu, M. and P&abo, S. 1996. DNA
damage and DNA sequence retrieval
from ancient tissues. Nucleic Acids
Research. 24, 7 (1996), 1304-1307.

Kennedy, K.A.R. 1993. Recent
discoveries and studies of the human
skeletal remains of ancient Sri Lanka, In
P. K. Seth and S. Seth (eds). New
perspective in Anthropology. New Delhi:
MD publications. (1993), 299-320.

Kistler, L., Ware, R., Smith, O., Collins,
M. and Allaby, R.G. 2017. A new model

17

22.

23.

24,

25.

26.

for ancient DNA decay based on
paleogenomic meta-analysis. Nucleic
Acids Research. 45, 11 (2017), 6310
6320.

Korlevi¢, P., Gerber, T., Gansauge, M.T.,
Hajdinjak, M., Nagel, S., Aximu-Petri, A.
and Meyer, M. 2015. Reducing microbial
and human contamination in dna
extractions from ancient bones and teeth.
BioTechniques. 59, 2 (2015), 87-93.

Kulatilake, S. 2012. Early occupation of
coastal Sri Lanka.In A.R. Sankhyan
(eds).16™ Annual IUAES Conference
Proceedings in Asian Perspectives on
Human Evolution. (2012), 207-214.

Lindahl, T. 1993. Instability and decay of
the primary structure of DNA. Nature.
(1993), 709-715.

Lindahl, T. and Nyberg, B. 1972. Rate of
Depurination of Native Deoxyribonucleic
Acid. Biochemistry. 11, 19 (1972), 3610—
3618.

Mathieson, I., Lazaridis, I., Rohland, N.,
Mallick, S., Patterson, N., Roodenberg,
S.A., Harney, E., Stewardson, K.,
Fernandes, D., Novak, M., Sirak, K.,
Gamba, C., Jones, E.R., Llamas, B.,
Dryomov, S., Pickrell, J., Arsuaga, J.L.,
De Castro, J.M.B., Carbonell, E.,
Gerritsen, F., Khokhlov, A., Kuznetsov,
P., Lozano, M., Meller, H., Mochalov,
0., Moiseyev, V., Guerra, M.A.R.,
Roodenberg, J., Verges, J.M., Krause, J.,
Cooper, A., Alt, KW., Brown, D.,
Anthony, D., Lalueza-Fox, C., Haak, W.,
Pinhasi, R. and Reich, D. 2015. Genome-



Sri Lanka Anatomy Journal (SLAJ), 5(11) 2021, 9-19

Chandimal KM, Sirak K, Edirisinghe EAST, Adikari G, Reich D, Yasawardene SG - An attempt to extract ancient DNA from the
petrous part of the temporal bones and roots of teeth of skeletal remains found in the intermediate climatic zone in Sri Lanka

27.

28.

29.

30.

31.

wide patterns of selection in 230 ancient
Eurasians. Nature. 528, 7583 (2015),
499-503.

O’Rourke, D.H., Hayes, M.G. and
Carlyle, S.W. 2000. Ancient DNA studies
in Physical Anthropology. Annual Review
of Anthropology. (2000), 217-242.

Paabo, S. 1989. Ancient DNA:
Extraction, characterization, molecular
cloning, and enzymatic amplification.
Proceedings of the National Academy of
Sciences of the United States of America.
86, 6 (1989), 1939-1943.

Pinhasi, R., Fernandes, D., Sirak, K.,
Novak, M., Connell, S., Alpaslan-
Roodenberg, S., Gerritsen, F., Moiseyev,
V., Gromov, A., Raczky, P., Anders, A.,
Pietrusewsky, M., Rollefson, G.,
Jovanovic, M., Trinhhoang, H., Bar-Oz,
G., Oxenham, M., Matsumura, H. and
Hofreiter, M. 2015. Optimal ancient
DNA yields from the inner ear part of the
human petrous bone. PLoS ONE. 10, 6
(2015).

Pinhasi, R., Fernandes, D.M., Sirak, K.
and Cheronet, O. 2019. Isolating the
human cochlea to generate bone powder
for ancient DNA analysis. Nature
Protocols. 14, 4 (2019), 1194-1205.

Poinar, H.N. and Artur Stankiewicz, B.
1999. Protein preservation and DNA
retrieval from ancient tissues.
Proceedings of the National Academy of
Sciences of the United States of America.
96, 15 (1999), 8426-8431.

18

32.

33.

34.

35.

Reed, F.A., Kontanis, E.J., Kennedy,
K.A.R. and Aquadro, C.F. 2003. Brief
communication: Ancient DNA prospects
from Sri Lankan highland dry caves
support an emerging global pattern.
American Journal of Physical
Anthropology. 121, 2 (2003), 112-116.

Rohland, N., Glocke, 1., Aximu-Petri, A.
and Meyer, M. 2018. Extraction of highly
degraded DNA from ancient bones, teeth
and sediments for high-throughput
sequencing. Nature Protocols. 13, 11
(2018), 2447-2461.

Sirak, K., Fernandes, D., Cheronet, O.,
Harney, E., Mah, M., Mallick, S.,
Rohland, N., Adamski, N.,
Broomandkhoshbacht, N., Callan, K.,
Candilio, F., Lawson, A.M., Mandl, K.,
Oppenheimer, J., Stewardson, K.,
Zalzala, F., Anders, A., Bartik, J., Coppa,
A., Dashtseveg, T., Evinger, S., Farkas,
Z., Hajdu, T., Bayarsaikhan, J., Mclintyre,
L., Moiseyev, V., Okumura, M., Pap, I.,
Pietrusewsky, M., Raczky, P., Sef¢akova,
A., Soficaru, A., Szeniczey, T., Szoke,
B.M., van Gerven, D., Vasilyev, S., Bell,
L., Reich, D. and Pinhasi, R. 2020.
Human auditory ossicles as an alternative
optimal source of ancient DNA. Genome
Research. 30, 3 (2020), 427-436.

Smith, C.1., Chamberlain, A.T., Riley,
M.S., Stringer, C. and Collins, M.J. 2003.
The thermal history of human fossils and
the likelihood of successful DNA
amplification. Journal of Human
Evolution. 45, 3 (2003), 203-217.



Sri Lanka Anatomy Journal (SLAJ), 5(11) 2021, 9-19

Chandimal KM, Sirak K, Edirisinghe EAST, Adikari G, Reich D, Yasawardene SG - An attempt to extract ancient DNA from the
petrous part of the temporal bones and roots of teeth of skeletal remains found in the intermediate climatic zone in Sri Lanka

36. Somadeva, R. and Ranasinghe, S. 2006.
An Excavation of a Shell-midden at
Pallemalla in Southern Littoral area of Sri
Lanka: Some Evidence of Prehistoric
Chenier Occupation in c. 4™ millennium
BC. Ancient Asia.

19



