International Journal of Human Sciences
I55N:1303-5134

Volume: 9 Issue: 1 Year: 2012

Standardization of PCR conditions for an Ancient DNA
Amplification

Rajeev Kumar Pandey?
Deepankar Pratap Singh®°
Godi Sudhakar?
Kumarasamy Thangaraj’
Vadlamudi Raghavendra Rao ***

Abstract

An ancient DNA provides us a powerful tool to study the miniscule amounts of DNA present
in hundreds of thousands of years old archaeological remains. Since the advent of the PCR, it
became possible for the population biologists to use this scarce and rare genetic material
(aDNA) to understand prehistoric population histories. Working with ancient DNA is
challenging in itself as it needs a manifold attention in order to maintain the archaeological
sample free from contemporary DNA contamination. Apart from that, there are several other
complications associated with ancient DNA work such as the preservation of DNA itself that
is in degraded state and low copy number, DNA isolation and its successful PCR
amplification. Despite the critical role of PCR in this field of research, till date no study has
comprehensively evaluated ancient DNA amplification. In this paper, we have reported our
results to optimize PCR component as well as PCR condition to amplify HVR1 region in
600 years old biological samples.
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Introduction

In order to elucidate human population and human prehistory scientists have long used the
archaeological and fossil records. Even though the archaeological record provides us with
clues about prehistoric events, but molecular genetics analyses may provide a further tool
in helping us understand the past. Ancient DNA provides numerous possibilities to
investigate ancient populations, their movements, diseases and much more. Investigation
on ancient DNA initiated in the mid-1980s from molecular evolutionary research, with the
plan of extending phylogenetics (studies of evolutionary relationships) and population
genetics to died out species and populations. Possibly the first ancient DNA study was in
1984, with a publication by Russ Higuchi and colleagues at Berkeley that was to reform
the capacity of molecular biology. Traces of DNA from a museum specimen of the
Quagga, which remained in the specimen over 150 years after the death of the individual
were extracted and sequenced (Higuchi et al, 1984). As ancient DNA is a potential tool to
access temporal data in order to delve deep and elucidate the hidden past. Currently aDNA
is playing a crucial role in the field of population genetics, homonids, sediments, diet and
behaviour, medical molecular archaeology, origins of domestication and solving the
mysteries, which are unsolved through the ages (Paabo et al, 2004). The two main
problems with the ancient DNA research are, (i) the amount of endogenous DNA available
in the sample is often limited and (ii) contemporary DNA contamination which is almost
always associated with ancient remains. A wide range of technique on extraction and
amplification has been published to date, all of them aiming to improvise the quality and
quantity of DNA vyields. (Hofreiter et al, 2004; Hoss et al, 1993; Kalmar et al, 2000;
Leonard et al, 2000; Yang et al, 1998; Hanni et al,1995). Although many studied were
made in comparison of extraction methods (Bouwman et al, 2002; Hummel et al, 2003,
Prado et al, 2002) but till date no study is done in order to optimize the PCR conditions.
We are reporting here a PCR standardization performed on approximately 600 years old
ancient DNA sample. The optimizations were tried at three different points, the first; an
efficient Tag Polymerase, second; to overcome PCR inhibitors (Pabbo et al, 1988)and third

is to check an effect of final extension time on successful PCR amplification
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Materials and Methods:

Ancient specimens:

Ancient bone samples were kindly provided by the Anthropological Survey of India and all
experiment performed at the Centre for Cellular and Molecular Biology (CCMB),
Hyderabad. These samples were collected from Himalayan region, India and carbon dating
was conducted by Anthropological Survey of India which tells us that these samples are 600

years old (unpublished data)

Contamination Precautions:

Standard contamination precautions were strictly followed in ancient DNA studies during the
experiments (Paabo et al, 2004; Kalmar et al, 2000; Willerslev et al, 2005; Hebsgaard et al,
2005; Kaestle and Horsburgh, 2002; Cappellini et al, 2004; Shinoda et al, 2006; Thomas et
al, 2004; Kemp and Smith et al, 2005; Willerslev et al, 2004)

DNA Extraction:

About 3 mm of cortical bone surfaces is removed with a sterile scalpel from all samples,
followed by immersion in 10% bleach solution for 10 min and washing with 70% alcohol.
The cleaned bone fragments were mechanically pulverized into a fine meal in sterile pestle-
mortar. The samples (500mg) were then soaked in 5ml of 0.5M EDTA (pH 8.0) with 200pl
of 20mg/ml Proteinase K and 120ul of 10% SLS (Sodium Lauryl Sulphate) at 55°C for
overnight. Followed by the overnight incubation of bone powder in EDTA, approximate
volumes of 2ml of Lysis buffer, 200ul of SDS (Sodium dodecyl Sulphate), 50ul of 20mg/ml
Proteinase K was added to the pellet and again subjected to overnight incubation at 60°C.
Next day Centrifuge at 3000rpm for 15min, after adding equal volume of phenol to the
supernatant, centrifuge it for 5min at 3000rpm. Supernatant were collected in chloroform
/isoamyl alcohol and mixed by inverting for 10min and centrifuge 5min. The supernatant
collected was added on Centricon filter and centrifuged at 3000rpm till the remaining
volume is 200pl. Add equal volume of Isopropanol and 20l of sodium acetate to the remain

and keep it on -20C for precipitation for 2hours and centrifuge at 14,000rpm for 20min.
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After discarding the supernatant 1ml of fresh 70% Ethanol added to wash the pellet. Dry it
till the ethanol removes completely from the pellet and dissolve the pellet in 30 to 50ul of
T.E buffer.

PCR Performance

For performing PCR, we designed and custom synthesized (Sigma-Proligo; Proligo
Singapore Pty Ltd, Singapore, Singapore) primers to amplify Hypervariable Region-1 (HVS
region-1). The sequences of the primers used were F159965°CTCCACCATTAGCACCC
AAAG 3’ & R16420 5° TGATTTCACGGAGGATGGTG 3’ which amplified polymerase
chain reaction (PCR) products of 447 bp. PCR for each sample was performed in 0.2-mL,
thin-walled tubes using 4.0 puL of template, 4 pm of each primer, 200 mM dinucleotide
triphosphates, 10x PCR buffer, 1.5 mM MgCI2, and 0.5 units of AmpliTag Gold (Applied
Biosystems). Bovine serum albumin (BSA) was used as it can bind to various types of PCR
inhibitors that might have carried during extraction. The PCR reaction was carried out in a
GeneAmp 9700 Thermal Cycler (Applied Biosystems) under the following conditions: 96°C
for 10 minutes, 30 cycles at 96°C for 45 seconds, 57°C for 1 minute, and 72°C for 2 minutes,
and a final extension at 72°C for 20 minutes. PCR products of HVR1 were electrophoresed
at 120V in 2% agarose gel. The PCR products were then visualized under UV light in trans
illuminator. Following optimizations were done on above mentioned PCR conditions

performed on the ancient DNA extract.

Optimization of DNA polymerase

We compared the amplification efficiency of three commercially available DNA polymerase
with one home made DNA polymerase (CCMB made). We found that the PCR amplification
achieved with AmpliTag Gold (Applied Biosystems) was maximum in comparison to
Platinum Taq (Invitrogen), Bioron Tag, homemade polymerase, which yielded either no

amplification or faint bands. (Figl)
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lane 1 Lane? Lane3 Lanes

Figurel. Agarose DNA electrophoresis (2%) of PCR reaction products for Optimization of
DNA polymerase, [lanes 1-4: lane 1 Bioron Taq polymerase (no amplification), lane 2
Platinum Tag, Invitrogen (faint band), lane 3 AmpliTag Gold (maximum yeild), lane 4 home
made Taq (no amplification), and lane 5: A phage DNA marker].

Optimization of PCR inhibitors

To investigate the effect of BSA, we compared the amplification success of AmpliTag Gold
polymerase in both the presence and absence of BSA. We used 5 mg/ml BSA final in 20-50
microlitre PCR assay to compare with the PCR without BSA. We found a striking difference
between the PCR without using BSA (lane 1, Fig 2), which was unable to yield any product,
whereas with BSA the amplification was achieved (lane 4, Fig 2). Hence, BSA plays an
important role in binding to inhibitors and enhancing the amplification of PCR products.

Figure2. Agarose DNA electrophoresis (2%) of PCR reaction products for Optimization of
PCR inhibitors, [Lane 1 without BSA (no amplification), lane 4 with BSA (High intensity of
amplification), and lanes 2-3: blank].
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Optimization of Extension Time

We also tried to check an effect of final extension time on the efficiency of PCR carried out
on ancient DNA sample. We tried three different extension times; 30mins, 25mins and
20mins, on 3 different PCRs derived from the same PCR master mix. We observed that after
30 cycles of PCR a final extension time of 20 mins yeilds the maximum amplification (Fig
3).

I anel Lane? Lane3

Figure3. Agarose DNA electrophoresis (2%) of PCR reaction products for Optimization of
Extension Time, [lane 1: 30 minute’s final extension (dimer formation), lane 2: 25 minutes
final extension (no dimer formation and faint amplification, lane 3: 20 minutes final
extension (no dimer formation with high intensity band) and lane 4: contain A phage DNA
marker.]

Result and Discussion:

We successfully investigated the positive effect of BSA on the amplification of ancient DNA
in the present study. In addition to this, we have also demonstrated that the gradual increase
in final extension time also affects the amplification. Finally on comparing the amplification
efficiency of various available Tag Polymerase, our study showed that AmpliTag Gold
polymerase is more effective than others. It is also noticed that gradual increasing of
extension time yields unspecific bands (Fig.3). In India, the present work is a preliminary
effort on the standardization and amplification of ancient DNA from human bone samples
excavated from the Himalayan regions by anthropological survey of India. Attempts on
Indian specimens have been few but initial results are encouraging, however, such studies
need adequate attention in order to interpret the analyses. Our proposed method of
amplification could be helpful in successful examination of excavated materials which will

further provide a deeper insight. A wide range of literature concerning extraction and
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amplification of ancient DNA is available but according to our knowledge, till date, no study
had been done on standardization of PCR condition. In this paper, we have shown the
combination of technical methods and alternative ways of already known processing
methods by optimizing each step of the Polymerase Chain Reaction. This experimental
attempt is providing a systematic method of ancient DNA amplification and expected to give
a significant impetus to this subject which might be useful for other researchers from
different institutions. Taken altogether, our results provide a consolidated protocol to amplify
the ancient DNA. At the same time, we hope that the current study will encourage further
research in this field to solve migration pattern as well as mysteries using different ancient

specimens.

Acknowledgment
The financial assistance of Anthropological survey of India is gratefully acknowledged.

References

Bouwman, A.S. and T.A. Brown. 2002. Comparison between silica-based methods for the
extraction of DNA from human bones from 18th to mid-19th century London. Anc.
Biomol. 4:173-178.

Cappellini E, Chiarelli B, Sineo L, Casoli A, 2004, Journal of Archaeological Science,
Biomolecular study of the human remains from tomb 5859 in the Etuscan necropolis of
Monterozzi, Tarquinia (Viterbo,ltaly), 31, 603-612.

Hanni, C., T. Brousseau, V. Laudet, and D. Stehelin. 1995. Isopropanol precipitation
removes PCR inhibitors from ancient bone extracts. Nucleic Acids Res. 23:881-882.

Hebsgaard M B, Phillips M J. and Willerslev E, 2005, Geologically ancient DNA: fact or
artefact? Trends in Microbiology, 13, 212-220.

Higuchi R, Bowman B, Freiberger M, Ryder OA, Wilson AC (1984). DNA sequences
from the quagga, an extinct member of the horse family. Nature 312 (5991): 282—-4.

Hofreiter, M., G. Rabeder, V. Jaenicke-Despres, G. Withalm, D. Nagel, M. Paunovic, G.
Jambresic, and S. P&&bo. 2004. Evidence for reproductive isolation between cave bear
populations. Curr. Biol.14:40-43.

Hoss, M. and S. Paabo. 1993. DNA extraction from Pleistocene bones by a silica-based
purification method. Nucleic Acids Res. 21:3913-3914.


http://www.insanbilimleri.com/en

109

Pandey, R. J,, Singh, D. P., Sudhakar, G., Thangaraj, K., Rao, V. R. (2012). Standardization of PCR conditions

for an Ancient DNA Amplification. International Journal of Human Sciences [Online]. 9:1. Available:
http://www.insanbilimleri.com/en

Hummel, S. 2003.In Ancient DNA Typing. Springer Verlag, Berlin. aDNA extraction, p.
57- 63

Kaestle. F.A and Horsburgh.K.A, Am J Phys Anthropology, 2002, Suppl, Ancient DNA
in Anthropology: methods, applications, and ethics, 35, 92-130.

Kalmar T, Bachrati C Z, Marcsik A and Rasko I, 2000, A simple and efficient method for
PCR amplifiable DNA extraction from ancient bones, Nucleic Acids Research, 28, e67.

Kalmar, T., C.Z. Bachrati, A. Marcsik, and 1. Rasko. 2000. A simple and efficient method
for PCR amplifiable DNA extraction from ancient bones. Nucleic Acids Res. 28:E67.

Kemp B M and Smith D G, 2005, Use of bleach to eliminate contaminating DNA from
the surface of bones and teeth, Forensic Science international, 154, 53-61.

Leonard, J.A., R.K. Wayne, and A. Cooper. 2000. Population genetics of ice age brown
bears. Proc. Natl. Acad. Sci. USA 97:1651- 1654.

Paabo, S., J.A. Gifford, and A.C. Wilson. 1988. Mitochondrial DNA sequences from a
7000-year old brain. Nucleic Acids Res 16:9775-9787.

Paabo,S., Poinar, H., Serre, D., Jaenicke-Després, V., Hebler, J., Rohland, N., Kuch, M.,
Krause, J., Vigilant, L., and Hofreiter, (2004) M. Ann. Rev. Genetics 38: 645-79.

Prado, M., C.M. Franco, C.A. Fente, A. Cepeda, B.l. Vazquez, and J. Barros- Velazquez.
2002. Comparison of extraction methods for the recovery, amplification and species-
specific analysis of DNA from bone and bone meals. Electrophoresis 23:1005-1012.

Shinoda K, Adachi N, Guillen S and Shimada I, 2006,Mitochondrial DNA Analysis of
ancient Peruvian Highlanders, Am J Phys Anthropology, Sep, 131, 98-107.

Thomas M, Gilbert P, Cuccui J, White W, Lynnerup N, Titball R W, Cooper A and
Prentice M B., 2004, Absence of yersinia pestis-specific DNA in human teeth from five
European excavations of putative plague victims, Microbiology, 150, 341-354.

Willerslev E and Cooper A, Ancient DNA, 2005, Pro.R.Soc.B, 272, 3-16.

Willerslev E, Hansen A J. and Poinar H N, 2004,Isolation of nucleic acids and cultures
from fossil ice and permafrost, TRENDS in Ecology and Evolution, 19, 141-147.

Yang, D.Y., B. Eng, J.S. Waye, J.C. Dudar, and S.R. Saunders. 1998. Technical note:
improved DNA extraction from ancient bones using silica-based spin columns. Am. J.
Phys. Anthropol. 105:539-543.


http://www.insanbilimleri.com/en

