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Table 1 Primers for PCR amplification

Fragment

length/bp

mtDNA site ~ Primer” Primer sequence

Cytb gene L468 5’ cggaacagacctcgtagaatg 142

R609 5’ ggtttcgtgcaggaatagga
D-loop region L181 5’ tgctagtccecatgeatataa 179

R358 5’ cctgecaagegggttgetgg

YL: Upstream primer; R: Downstream primer.
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Fig. 1 Agarose electrophoresis of ancient DNA amplified
Methods used were the extraction method of improved isopropanol
precipitation and the amplification method of PCR after UNG
treatment. L: 100 bp DNA ladder; TS1, TS2: Ancient sample code; EC:
Mock extraction; PC: Mock PCR. The part-D (left) shows the products
amplified with primers for 179 bp D-loop region and the part-B (right)
shows the products of 142 bp Cytb gene.
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Table 2 Characteristics of two extraction methods and two amplification methods studied
Method Item Fidelity Time Cost
Improved method Extraction with improved t c
isopropanol precipitation method
PCR after UNG treatment 100% tp cp
and one-time clone sequencing
Current method Extraction with QIAquik PCR 2t =10c
purification kit
One-time PCR and one-time clone 66% tp cp
sequencing
Multiple times PCR and multiple clone <88% =2tp =2cp

sequencing

“-” Represents item dismissed. “ t” Represents the time consumed by DNA extraction with improved method and “tp” Represents

the time consumed by PCR and one-time clone sequencing. “c” Represents the cost of one-time DNA extraction with improved method

and “cp” Represents the cost of one-time PCR and clone sequencing.
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Fig. 2 Alignment of 52 clones sequenced from ancient DNA extracted by improved isopropanol method
and amplified without UNG treatment
Clones are identified by recombination of 1 code and 2 numbers: the first code indicates the sample code (TS1, TS2, TS6, TS7); the first number
indicates the amplification; the second number indicates the clone. The “Endogenous” sequence determined by the results of amplification after
UNG treatment. The numbering of nucleotide position was based on two reference sequences in GenBank: AF486871 for fragment in Cytb gene and
AF276927 for fragment in control region, respectively. Sequences in figure (a), (b), (e) are from Cytb genes and (c), (d) are from control regions.

Nucleotides identical to the endogenous sequence are indicated by dots. Dots within the endogenous sequences indicate nucleotides omitted.
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qTS2-1-1
qTS2-1-2
qTS2-1-3
qTS2-1-4
qTS2-1-5
qTS2-1-6

(b) 489 501

553 589

Endogenous AATCTGAGGGGGCTTTTCCGTCGACAAAGCAACCCTCACACGATTCTTCGCCTTTCACTTTATCCTGCCATTCATCATTACCGCCCTCGCAGCCGTACATC

qTS7-1-1
qTS7-1-2
qTS7-1-3
qTS7-1-4
qTS7-1-5
qTS7-1-6
qTS7-1-7

Fig. 3 Alignment of 13 clones sequenced from ancient DNA extracted with QIAquik
PCR purification kit and amplified without UNG treatment

Clones are identified by recombination of 1 code and 2 numbers: the first code indicates the sample code with addition of “q” (qTS2 &qTS7); the first

number indicates the amplification; the second number indicates the clone. The “endogenous” sequence determined by the results of amplification

after UNG treatment. The numbering of nucleotide position was based on the reference sequence in GenBank: AF486871. These two sequences are

all from Cytb genes. Nucleotides identical to the endogenous sequence are indicated by dots.
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A Practical and Efficient Method for The Retrieval
of Ancient DNA Sequence’
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Abstract Retrieval of ancient DNA (aDNA) sequences from organism remains provide direct view of their
evolutionary history. However, researches on aDNA have suffered from lots of technical problems. Specifically,
discredited sequences were generated from damaged aDNA templates, and expensive and time-consuming methods
were employed. Here, a method which could recover the endogenous aDNA as well as to reduce the cost and
research period is described. This is achieved by improving the ancient DNA extraction method of isopropanol
precipitation, and reevaluating the method of PCR after N-glycosylase (UNG) treatment, which could remove the
damaged DNA from the aDNA extract. The efficiency of these methods were tested by comparing with traditional
methods using ancient specimens of pig teeth aged between 4 300 years before present (BP) and 3 900 BP. The
results showed that: firstly, the extraction efficiency of the improved method of isopropanol precipitation and
current method with silica-based spin column were all 60%. Furthermore, the research period at least could be
reduced by half with the application of the improved methods and the cost to 1/10 of the current method. Secondly,
sequences obtained through the method of PCR after UNG treatment were 100% authentic. In contrast, 66%~ 88%
sequences were authentic based on the results obtained with the method of multiple PCRs without UNG treatment.
And the research cost and period needed by the method with UNG treatment were only half of the later one. These
results demonstrate that the improved extraction method of isopropanol precipitation combined with the method of
PCR after UNG treatment could increase the success rate of authentic DNA amplified and at least reduce the
research cost and period by half. Therefore, this method can be applied in the large-scale detection of ancient

specimens.
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