Data in Brief 31 (2020) 106007

Contents lists available at ScienceDirect

Data in Brief E

journal homepage: www.elsevier.com/locate/dib

Data Article

Developmental data for several human R |
mitochondrial DNA (mtDNA) long S

amplification targets
Mark F. Kavlick*

Research and Support Unit, Laboratory Division, Federal Bureau of Investigation, 2501 Investigation Parkway,

Quantico, VA 22135, USA

ARTICLE INFO

ABSTRACT

Article history:

Received 7 May 2020
Revised 25 June 2020
Accepted 3 July 2020
Available online 9 July 2020

Keywords:
Mitochondrial DNA
MtDNA
Quantitative PCR
QPCR

Hydrolysis probe
DNA fragmentation

Candidate long mtDNA targets ~300bp in length were iden-
tified on the revised Cambridge mtDNA reference sequence
using Primer Express software (Applied Biosystems) with
modified default analysis settings. The primer and hydroly-
sis probe sequences for the resultant three (3) targets were
queried in the Mitomap database [1] to avoid common sin-
gle nucleotide polymorphisms (SNPs) which, if present in a
sample, could reduce binding to template and therefore re-
sult in inefficient amplification. Primers and probes identi-
fied by Primer Express, some synthesized degenerate to mit-
igate the presence of certain SNPs, were utilized in a Fast
Advanced Master Mix (Applied Biosystems) reaction which
was amplified on a 7500 Real Time PCR System using HID
Real Time PCR Software v1.2 (Applied Biosystems) to collect
and analyze the qPCR data. QPCR reaction conditions and
software analysis settings were optimized and modified to
yield efficient amplification and robust results. QPCR exper-
iments were exported into Excel (Microsoft Corp.) for ad-
ditional analyses and evaluation. The data was used to de-
velop a triplex qPCR method, which includes amplification of
one of the long targets, to quantify and assess degradation
of human mtDNA, the results of which were previously pub-
lished [2]. That triplex method also incorporated an internal
positive control to test for the presence of amplification in-
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hibitors in the sample [3]. The data presented herein may be

used to develop alternative amplification methods for user-
specific biomedical applications.

Published by Elsevier Inc.

This is an open access article under the CC BY license.

(http://creativecommons.org/licenses/by/4.0/)
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Value of the data

« This article provides useful developmental data for three long mtDNA targets for highly ef-
ficient hydrolysis probe qPCR, as originally developed to assess fragmentation of mtDNA [2].
The data includes important information on target mtDNA sequence variation, amplification
primer and hydrolysis probe optimizations, and specificity for human mtDNA.

» The biomedical, ancient DNA, and forensic science research communities may benefit from
this data by acquiring developmental information relevant to these long mtDNA targets for
use in alternative user-specific assays, methods, and applications, whether for general or
target-specific mtDNA studies.
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» The information may be used for development of alternative methods such as quantification
by intercalating dye qPCR, quantification of intact mtDNA, assessment of mtDNA degradation,
PCR amplification, and sequencing of specific mtDNA regions.

+ Additional value of these data includes 1) identification of similar-length targets both within
and outside the mtDNA 5Kb “common deletion” region [4] for potential use in studies of
aging and disease and 2) identification of a probable mtDNA target (long set #2) for quan-
tification of chimpanzee mtDNA.

1. Data
1.1. Identification of candidate long mtDNA targets

Three (3) separate long mtDNA target sets were identified which ranged in length from 265
to 316 bps, each with its own forward primer, reverse primer, and probe, and are referred to
herein as long set #1, long set #2, and long set #3 (Fig. 1). These candidate sets were queried for
the presence of any common single nucleotide polymorphisms (SNPs) in the Mitomap database
[1], defined here as those having a frequency >0.5%, among the various primer and probe se-
quences. This analysis identified a total of six SNPs which ranged in frequency from 0.5% to 14.4%
from among the database’s set of 50,175 full length mtDNA sequences collected from GenBank
[7] on January 1, 2020. To ensure that the vast majority of human mtDNA sequences encountered
in practice would be amplified by these sets, the relevant primers and probes were synthesized
with the appropriate degenerate bases (Table 1).

Target sequences were also subjected to searches at the National Center for Biotechnology
Information (NCBI) using the Basic Local Alignment Search Tool for nucleotides (BLASTN) against
the RefSeq Genome Database (refseq_genomes) [8] to detect potential homology to non-human
genome sequences. Those results revealed no complete homology for all human long target
mtDNA sets with any other species’ DNA, except for long set #2 which exhibited full homol-
ogy with chimpanzee DNA (data not shown).

1.2. QPCR amplification optimizations

Pre-optimized baseline amplification efficiencies for the three long target singleplex primer
and probe sets were observed to be >89% for each set (data file 070914.sds). Next, the three
(3) long target sets (VIC-labelled probes), as well as a short target set (FAM-labelled probe), and
a custom IPC target set (NED-labelled probe) - the latter two being targets which have been
incorporated in a triplex qPCR assay previously described [2], five (5) singleplex assays in total
- were optimized with respect to primer (data files 071614.sds and 071614_2.sds) and hydrolysis
probe (data file 071814_3.sds) concentrations. The optimal primer and probe concentrations for
the three long mtDNA targets are identified in Table 1.

The optimal primer and probe concentrations, as identified in each of the singleplex assays,
were used for the three (3) long and short target duplex assays as well as the three (3) triplex
assays, with the custom IPC added (see data files 072514.sds, 073014.sds, 073114.sds, 080614.sds,
and 080614_2.sds). With this approach, no substantial change in the amplification efficiencies
was evident (duplex efficiencies not shown; triplex efficiencies shown in Table 2). Among the
triplex assays, long set #1 appeared to be most reproducibly efficient within a range of 1.5%
while the short target set was similarly reproducible (1.7%). In addition, the difference between
the mean long set #1 and mean short set efficiencies was only 2.9%, with the former being
slightly more efficient than the latter (Fig. 2).
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Fig. 1. Locations of candidate long mtDNA target primer and probe sets. This diagram of the circular mtDNA genome
illustrates the relative positions and lengths of the three candidate long targets to that of a short target set. Shown are
the mtDNA base positions (top, center), the Control Region which contains three hypervariable regions, gene designations
(inner and outer rings), origins of replication for the heavy (OH) and light (OL) strands, and promoter locations for the
heavy (Py) and light (P;) strands. The blue bar depicts a short 105bp mtDNA target [5,6] and the red bars represent
the three candidate long mtDNA targets described here, each ~300bp in length, for potential use in assessing mtDNA
degradation in a triplex qPCR assay. Counter-clockwise from the top, the long targets were 1) a 316 bp amplicon wholly
within the 16s rRNA gene, 2) a 273 bp amplicon mostly within the 16s rRNA gene and extending into the “L” (tRNAleu)
gene, and 3) a 265 bp amplicon wholly within the cytochrome c oxidase subunit III gene. The figure is a modification of
that found at www.mitomap.org/MITOMAP [1] and is reproduced with permission.

1.3. Species specificity and RHO zero cell line DNA testing

All three candidate triplex assays were further evaluated for cross-reactivity to non-human
species’ DNA, and for activity to human A549 cell line DNA, and human Rho Zero 143B
cell line DNA, the latter purportedly depleted of mtDNA but not human nuclear DNA se-
quences of mitochondrial origin (NUMTs) [9,10]. DNA from up to 32 non-human species
was tested, including that of chimpanzee and other primates, mammals, fish, birds, fungi,
and bacteria (see data files 091614.sds, 091614.csv, 091614_1.sds, 091614_1.csv, 091714.sds,


http://www.mitomap.org/MITOMAP

Table 1
Three candidate long mtDNA amplicon primer and probe sets.

Set (mtDNA gene(s)) Start Stop nt Ampliconbp Sequence SNP #1 (freq.) SNP #2(freq.) Assay Conc.(nM)
#1 (16S rRNA)
Forward primer 2,332 2,351 20 316 YGCATAAGCCTGCGTCAGAT C2332T (0.5%) - 300
Reverse primer 2,628 2,647 20 CCCTCGTGGAGCCATTCATA - - 900
Probe (5' VIC; 3' MGB-NFQ) 2,429 2,443 15 AACACAGGCATGCYC T2442C (0.6%) - 250

#2 (16S rRNA; tRNA, ..}

Forward primer 2,981 3,001 21 273 ACGACCTCGATGTTGGATCAG - -~ 50
Reverse primer 3,234 3,253 20 ATTACCGGGCTCTGCCATCT - - 500
Probe (5' VIC; 3' MGB-NFQ) 3,005 3,020 16 ATCCCRATGGTGCAGC G3010A (14.4%) - 250

#3* (cytochrome c oxidase subunit I11)

Forward primer 9,372 9,391 20 265 CAATGRTGRCGCGATGTAAC A9377G (0.8%) G9380A (0.9%) 300
Reverse primer 9,611 9,636 26 TTGATACTCCTGATGCGAGTAATACG - - 900
Probe (5' VIC; 3' MGB-NFQ) 9,466 9,485 20 TTACCTCAGAARTTTTTTIC G9447A (3.9%) - 250

* Located within the 4,979 bp "Common Deletion" (8,482-13,460)
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Table 2
Long and short mtDNA target amplification efficiencies (triplex qPCR assays, with IPC).

Expl Exp2 Exp3 Exp4 Exp5 MEAN Difference of Means Min Max Range

Short Set Mean 92.6% 91.3% 92.4% 92.6% 92.7% 92.3%

Short Set with Long Set 1 93.2% 91.7% 92.7% 93.4% 92.9% 92.8% 91.7% 93.4% 1.7%
Long Set 1 95.9% 95.4% 96.3% 959% 94.8% 95.7% 2.9% 94.8% 96.3% 1.5%
Short Set with Long Set 2 91.4% 92.2% 93.2% 93.2% 92.8% 92.6% 914% 93.2% 1.8%
Long Set 2 94.7% 98.8% 97.4% 96.0% 95.7% 96.5% 3.9% 94.7% 98.8% 4.1%
Short Set with Long Set 3 93.1% 89.9% 91.4% 91.1% 92.5% 91.6% 89.9% 93.1% 3.2%
Long Set 3 95.6% 93.5% 94.3% 92.4% 94.3% 94.0% 2.4% 92.4% 95.6% 3.2%

091714.csv, 110514.sds, 110514_2.sds, and 110514_3.sds). The results showed that (see data file
Species_Specificity_Tables_0720.xlsx) for the long set #1 and long set #3 triplex reactions, lit-
tle cross-reactivity to other species’ DNA was observed, chimpanzee DNA included. However,
the long set #2 triplex reaction exhibited high cross-reactivity to chimpanzee DNA, a result
which was not unexpected since the human long set #2 target sequence was found to be fully
homologous with the chimpanzee mtDNA sequence in the NCBI database. Because of this ob-
served cross-reactivity, further species specificity testing for the long set #2 triplex was limited
in scope; however, virtually no additional cross-reactivity was observed for the set #2 triplex.
Amplification of Rho zero DNA by the three long mtDNA amplification sets was negligible. It
is also noteworthy that the short 105bp mtDNA target [5,6] did not appreciably amplify chim-
panzee DNA within any of the three triplex reactions.

1.4. Selection of triplex assay for further development

Taken together, all three triplex reactions for human mtDNA quantification and determination
of fragmentation were deemed suitable for further development and testing. However, the long
set #1 triplex reaction alone was chosen for further triplex assay development due to certain
favorable aspects of that assay compared to the other two (Table 3). This included the location
of long set #1 within the mtDNA genome, i.e., outside of the major mtDNA common deletion
[4] and therefore an alternative location to the short 105bp target, a minimal number of re-
ported SNPs, a greater consistency of amplification efficiency, lack of cross-reactivity to chim-
panzee DNA, and a higher ARn value, i.e., greater fluorescent signal, relative to the other two
long sets. The fully developed triplex assay has been reported elsewhere [2].

2. Experimental design, materials, and methods
2.1. DNA samples

Non-human vertebrate DNA samples were purchased from Zyagen Laboratories (San Diego,
CA) with the exception of chimpanzee DNA which was obtained from the NIGMS Human Genetic
Cell Repository at the Coriell Institute for Medical Research (Camden, NJ): # NS06006. Human
HL60 cell line DNA, human A549 cell line DNA, bacterial DNA, and fungal DNA were purchased
from the American Type Culture Collection (ATCC; Manassas, VA). Human rho zero (p0) 143B
cell line DNA, which is mtDNA depleted [9,10], was a component of the NovaQUANT Human
Mitochondrial to Nuclear DNA Ratio Kit (EMD Millipore Corp., San Diego, CA).

2.2. Identification of candidate targets

To identify long candidate mtDNA sequence targets, the complete 16,569 nucleotide FASTA se-
quence of the revised Cambridge Reference Sequence (rCRS) [11], GenBank sequence NC_012920,
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Fig. 2. Standard curves for mtDNA short and long set #1 targets. Shown are the standard curves for a representative triplex experiment, of five such experiments, in which HL60 DNA
dilutions were used as the standard. Short set (blue diamonds) and long set #1 mtDNA targets (red squares) were assayed in duplicate and exhibited similar slopes, and thus similar
efficiencies which averaged 92.8 and 95.7%, respectively. Not shown is the NED-signal since the IPC system does not amplify HL60 DNA.
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Table 3

Attributes of three candidate long set targets and their respective triplex assays.

VIC/FAM
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was selected as the template to identify suitable amplification primers and fluorogenic hydrol-
ysis probes for assessing DNA degradation in a triplex assay. This sequence was queried with
Primer Express software, v2.0 and v3.0, (Applied Biosystems, Foster City, CA) using the default
analysis parameters with the exception of target amplicon length which was increased to the
range of 250-350bp, or ~3x the length of the short 105bp mtDNA target described previously
[5,6].

2.3. QPCR

The sequences and concentrations for the qPCR primers and probes are described in
Table 1 and elsewhere [2]. Primers were HPLC-purified (Integrated DNA Technologies, Coralville
IA) and reconstituted with 10 mM tris 0.1 mM EDTA buffer, pH 8 (TE) as 100uM stocks. Probes
were FAM-, VIC-, or NED-labelled, each containing a 3’ minor groove binder non-fluorescent
quencher (MGB-NFQ) and supplied as 100 uM stocks (Applied Biosystems).

The short target qPCR standard sequence corresponded to nucleotide positions 13,288 ~
13,392 in the ND5 gene of the mtDNA rCRS, i.e., the target sequence, plus five additional base
pairs at both the 5’ and 3’ ends and a signature sequence, both for quality control [5,6]. The
standard consisted of two complementary, PAGE-purified synthetic oligonucleotides (Ultramers;
Integrated DNA Technologies) which were diluted in TE to achieve serial 10-fold dilutions from
107 to 10! copies/uL. Briefly, paired forward and reverse oligonucleotides were separately recon-
stituted in TE, quantified by absorbance at 260 nm using the extinction coefficients 1,082,000
and 1,138,100 L/(molescm), respectively, then adjusted to 2pM. The adjusted oligonucleotides
were mixed in equal proportions to generate a 1uM ds, primary standard stock. On applying
Avogadro’s constant, the primary stock was further diluted with TE to generate the first stan-
dard, 107/uL, which was serially diluted 10-fold to generate the remaining standards in the dilu-
tion series: 108, 10°, 104, 103, 102, and 10! copies per pL.

The novel IPC template similarly consisted of two complementary, PAGE-purified syn-
thetic oligonucleotides (Ultramers; Integrated DNA Technologies) which were reconstituted
in TE, quantified by absorbance at 260nm using the extinction coefficients 628,700 and
621,800 L/(mole-cm), respectively, prepared as a duplex in equimolar proportions, and diluted
to 1,250 copies/uL [2,3]. HL60 DNA (ATCC), diluted to 20 pg/uL in TE, served as the calibrator in
triplex reactions [2].

QPCR assays were performed using 2 pL of sample DNA, standard DNA, TE as a no template
control (NTC), or HL60 calibrator, in a 20 pL reaction containing 10 pL of TagMan 2X Fast Ad-
vanced Master Mix (Applied Biosystems) following the manufacturer’s recommendations [12,13]
in a hybrid, relative-absolute quantification assay [2,14].

2.4. QPCR amplification optimizations

The three long target primer and probe sets were first separately tested in singleplex qPCR
reactions using a dilution series of HL60 DNA as a standard to determine the baseline efficiency
of the respective reactions. Next, each of the five (5) singleplex assays - the short target set
(FAM-labelled probe), each of the three (3) long target sets (VIC-labelled probes), and the cus-
tom IPC set (NED-labelled probe) - were optimized with respect to primer and hydrolysis probe
concentrations, using fixed HL60 DNA or IPC template DNA concentrations as appropriate, ac-
cording to the recommendations of the probe manufacturer, Applied Biosystems [15]. Briefly, for
each amplification set, forward and reverse primer concentrations were varied at 50, 300, and
900 nM final concentrations to achieve a minimal Ct value. Probe concentrations were varied at
50, 100, 150, 200, and 250 nM final concentrations to achieve a maximal ARn value. Finally, the
three long target primer and probe (VIC-labelled) set concentrations, thus optimized, were sep-
arately tested in duplex reactions, which included the short target set (FAM-labelled probe), and
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in triplex qPCR reactions, which also included the custom IPC set (NED-labelled probe). These
reactions utilized HL60 DNA as the standard so that efficiencies for the long sets could be deter-
mined.

2.5. Species specificity and rho zero cell line dna testing

DNA from up to 32 non-human species as well as from human HL60, A549, and 143B Rho
zero cell lines was tested with the triplex qPCR assays, this included DNA from chimpanzee
and other primates, mammals, fish, birds, fungi, and bacteria (described above). Since the as-
say was designed for human specificity, the non-human test DNA samples were not expected
to appreciably amplify. However, cross-reactivity, when present, was manifested by a positive
quantity for the short target. In such cases, the non-human DNA “quantity” was divided by
the quantity determined for human HL60 DNA, after normalization, to derive the percent cross
reactivity of DNA from that species to the short target, i.e, percent of human (see data file
Species_Specificity_Tables_0720.xlsx). Percent cross-reactivity to the long targets, also as a per-
cent of human, was determined using the delta delta Ct method [14] with HL60 as the calibrator
and relative comparison to the respective short target percent of human cross-reactivity.
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