
ORIGINAL ARTICLE

Effects of the Ion PGM™ Hi-Q™ sequencing chemistry
on sequence data quality

Jennifer D. Churchill1 & Jonathan L. King1 & Ranajit Chakraborty1 & Bruce Budowle1,2

Received: 22 January 2016 /Accepted: 4 March 2016 /Published online: 30 March 2016
# Springer-Verlag Berlin Heidelberg 2016

Abstract Massively parallel sequencing (MPS) offers sub-
stantial improvements over current forensic DNA typing
methodologies such as increased resolution, scalability, and
throughput. The Ion PGM™ is a promising MPS platform
for analysis of forensic biological evidence. The system em-
ploys a sequencing-by-synthesis chemistry on a semiconduc-
tor chip that measures a pH change due to the release of hy-
drogen ions as nucleotides are incorporated into the growing
DNA strands. However, implementation of MPS into forensic
laboratories requires a robust chemistry. Ion Torrent’s Hi-Q™
Sequencing Chemistry was evaluated to determine if it could
improve on the quality of the generated sequence data in as-
sociation with selected genetic marker targets. The whole mi-
tochondrial genome and the HID-Ion STR 10-plex panel were
sequenced on the Ion PGM™ system with the Ion PGM™
Sequencing 400 Kit and the Ion PGM™ Hi-Q™ Sequencing
Kit. Concordance, coverage, strand balance, noise, and dele-
tion ratios were assessed in evaluating the performance of the
Ion PGM™ Hi-Q™ Sequencing Kit. The results indicate that
reliable, accurate data are generated and that sequencing
through homopolymeric regions can be improved with the
use of Ion Torrent’s Hi-Q™ Sequencing Chemistry. Overall,

the quality of the generated sequencing data supports the po-
tential for use of the Ion PGM™ in forensic genetic
laboratories.

Keywords Massively parallel sequencing (MPS) . Ion
PGM™ . Mitochondrial DNA . STRs . Hi-Q™

Introduction

Massively parallel sequencing (MPS) technologies have rev-
olutionized genetic analyses by enabling the production of an
unprecedented amount of data. These technologies offer the
potential to analyze a larger number of markers and different
combinations of marker types (e.g., short tandem repeats
(STRs), SNPs, insertions/deletions) than was possible previ-
ously to analyze with currently used standard capillary elec-
trophoresis (CE) methods [1–3]. MPS also enables detection
of length-based and sequence-based genotypes for STRs,
thereby providing greater resolution of alleles than previously
possible with CE-based systems [2–8].

The advantages of MPS compared to standard CE typing
are substantial, and there remains little doubt that MPS tech-
nologies will be implemented into forensic genetic laborato-
ries in the not too distant future [2, 3, 8–14]. The Ion Torrent
Personal Genome Machine® (Thermo Fisher Scientific,
Waltham, MA USA) (Ion PGM™) is a MPS platform that
employs a sequencing-by-synthesis chemistry where incorpo-
ration of a nucleotide into the growing nascent strand releases
a hydrogen ion that is detected by the resulting change in pH
in wells in a semiconductor chip [15–17]. The scalability, read
length, sequencing time, and cost per analysis make the Ion
PGM™ a desirable instrument for forensic genetic analyses
[2, 8, 9]. Recent studies have demonstrated the Ion PGM’s
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potential applicability to genetic analysis in forensic laborato-
ries [7, 8, 12, 13, 18–21].

Since their introduction almost a decade ago, MPS tech-
nologies continue to improve. There is every expectation that
technical improvements inMPS technologies will continue. In
fact, Ion Torrent’s Ion PGM™Hi-Q™ Sequencing Chemistry
(Thermo Fisher Scientific) is one potential approach to in-
crease the quality of sequence data generated by the Ion
PGM™. In the study herein, the Hi-Q™ Sequencing
Chemistry was evaluated to determine what effects the Hi-
Q™ Sequencing Chemistry had on the quality of the generat-
ed sequencing data in association with selected genetic marker
targets. The whole mitochondrial genome and the HID-Ion
STR 10-plex (includes amelogenin) panel (Thermo Fisher
Scientific) were sequenced on the Ion PGM™ system with
the Ion PGM™ Sequencing 400 Kit (Thermo Fisher
Scientific) and the Ion PGM™ Hi-Q™ Sequencing Kit
(Thermo Fisher Scientific). The results support that sequenc-
ing through homopolymeric regions can be improved with the
use of the Hi-Q™ Sequencing Chemistry.

Materials and methods

Samples

DNA samples from 31 previously described [11, 18], unrelat-
ed African-Americans (n = 24), Hispanics (n = 3), and
Caucasians (n=4) and a negative control were used for this
study. The policies and procedures approved by the
Institutional Review Board for the University of North Texas
Health Science Center in Fort Worth, TX, were followed for
the collection and use of these samples. DNA was extracted
using the QIAamp DNA Blood Mini Kit (Qiagen, Valencia,
CA, USA) following the manufacturer’s protocols [22]. The
quantity of recovered DNAwas determined using the Qubit®
dsDNA BR Assay Kit (Thermo Fisher Scientific) and a
Qubit® 2.0 Fluorometer (Thermo Fisher Scientific). Samples
were normalized to one ng/μl.

Mitochondrial genome

The mitochondrial genomes of these 31 individuals and a
negative control were sequenced with two different protocols.
One was performed using the Ion PGM™ Sequencing 400 Kit
following the manufacturer’s protocols [23], and the second
was performed using the Ion PGM™ Hi-Q™ Sequencing Kit
followingmanufacturer’s protocols [24]. The entire mitochon-
drial genome was amplified using previously described long
PCR primers [25] that generated amplicons approximately
eight kb in length. Library preparation, emulsion PCR, enrich-
ment of template beads, and sequencing on the Ion PGM™
were completed as described by Churchill et al. [8]. Sequence

data were analyzed using the Torrent Suite software v4.6 with
the Alignment (v4.0-r77189), Coverage Analysis (v4.4.2.2),
and Variant Caller plugin (v4.6.0.7). Data were aligned to the
revised Cambridge Reference Sequence (rCRS) [26], and
Integrative Genomic Viewer (IGV) was used for visualization
of the aligned binary alignment map (BAM) files [27, 28]. The
variant call format (vcf) output files generated by the Variant
Caller plugin were used in conjunction withmitoSAVE [29] to
generate haplotype calls in standard forensic conventions. A
minimum coverage threshold of 10X and point heteroplasmy
threshold of 0.20 was set for mitochondrial DNAvariant calls.

Mitochondrial genome concordance data—MiSeq

The mitochondrial genomes of the samples included in this
study were sequenced previously on the MiSeq desktop se-
quencer (Illumina, San Diego, CA, USA) as described in King
et al. [11]. These data were used to provide concordance in-
formation between two different MPS platforms.

STRs

The HID-Ion STR 10-plex panel allows for amplification of
amelogenin and nine STRs (CSF1PO, D16S539, D3S1358,
D5S818, D7S820, D8S1179, TH01, TPOX, and vWA), with
amplicon sizes that range from 75 to 170 base pairs (bp) [7].
Library preparation, emulsion PCR, enrichment of template
beads, and sequencing on the Ion PGM™ were completed as
described in Churchill et al. [8]. The DNA samples and neg-
ative control were sequenced using the Ion PGM™
Sequencing 400 Kit with manufacturer’s recommended pro-
tocols [23] and the Ion PGM™ Hi-Q™ Sequencing Kit with
manufacturer’s recommended protocols [24]. Sequence data
were analyzed using the Torrent Suite software v4.6 with the
Alignment (v4.0-r77189), Coverage Analysis (v4.4.2.2), and
HID_STR_Genotyper (v3.1) plugins. Data were aligned to the
Hg19 reference genome. The HID_STR_Genotyper plugin
makes genotyping calls on Ion PGM™ data using BAM files
generated with the Torrent Suite software and BED files that
specify the targeted areas of interest within the Hg19 reference
genome. Additionally, FASTQ files generated with the
Torrent Suite software were analyzed with the STR Allele
Identification Tool—Razor (STRait Razor) [30, 31]. A mini-
mum coverage threshold of 10X was set for genotype calls.

CE concordance data

Conventional STR typing by CE was performed to provide
concordance data using the GlobalFiler™ PCR Amplification
Kit (Thermo Fisher Scientific) with 1 ng of DNA for each
reaction following the recommended manufacturer’s proto-
cols [32]. The GeneAmp® PCR System 9700 thermal cycler
(Thermo Fisher Scientific) was used for PCR amplification,
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Fig. 1 Average RLP across the mitochondrial genome (N= 31) for the Ion PGM™ Sequencing 400 Kit (a) and for the Ion PGM™Hi-Q™ Sequencing
Kit (b)
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and electrophoresis was completed on anABI Prism® 3500xL
Genetic Analyzer (Thermo Fisher Scientific). Raw data were
analyzed with GeneMapper® ID-X software v1.2 (Thermo
Fisher Scientific). A minimum peak height of 50 relative fluo-
rescence units (RFUs) was set for data interpretation.

Statistical analysis

Coverage (or read depth) was used to calculate normalized
relative locus performance (RLP) at each nucleotide position
of the mitochondrial genome (i.e., coverage of one nucleotide
position divided by the total coverage across the entire mito-
chondrial genome for that sample all multiplied by the length
of the rCRS (i.e., 16,569)). Strand balance for the mitochon-
drial genome data was calculated by dividing the coverage of
one strand by the total coverage of that nucleotide position
(e.g., 275X/500X= 0.55; 0.5 indicating equal coverage).
Noise for the mitochondrial genome data was calculated by
dividing the number of reads not attributed to nominal allele
calls at a nucleotide position by the total coverage at that
nucleotide position. False deletions were measured as a ratio
of the number of reads indicating a deletion divided by the
total number of reads at that position. The deletion ratios from
the two data sets were compared by calculating a delta (i.e.,
deletion ratio from data generated with the Sequencing 400
Kit minus the deletion ratio from the data generated with the
Hi-Q™ Sequencing Kit = delta). A positive delta indicates that
less false deletions were observed with the Hi-Q™
Sequencing Kit, and a negative delta indicates that less false
deletions were observed with the Sequencing 400 Kit.
Statistical significance from delta = 0 was assessed with a
paired t test [33] for each nucleotide position analyzed using
one-sided p values. These calculations allowed classification
of each nucleotide position as non-significant (NS), +ve (when
delta >0 and is significant with p<0.05), and –ve (when delta
<0 and is significant with p<0.05). To examine whether or not
the significance of the delta values is dependent on the nucle-
otide type (A, T, G, or C) and the length of homopolymers, the
trinomial (NS, +ve, −ve) distribution was tabulated grouping
the site by nucleotide type and length of homopolymers. A chi-
square test of heterogeneity of contingency table analysis was
performed, with p values determined by shuffling to test if the

differences of three classifications of the delta values depended
upon nucleotide types and/or length of homopolymers.

Coverage for the HID-Ion STR 10-plex panel also was
used to calculate RLP at each locus in the panel (i.e., coverage
of one marker divided by total coverage for that sample).
Allele coverage ratios (ACRs; i.e., heterozygote balance) were
calculated for each STR locus by dividing the lower coverage
allele by the higher coverage allele at that locus (e.g., 400X/
500X=0.8; 1.0 indicating equal coverage). Sequence cover-
age ratios (SCRs) analyze noise levels for STRs by dividing
the number of reads used to make nominal repeat length allele
calls and the number of reads attributed to stutter by the total
number of reads at that locus (e.g., 360X/400X=0.9 indicat-
ing that 10 % of reads are attributable to noise).

Results and discussion

Mitochondrial genome data

Run information

All 32 samples per sequencing chemistry were run on separate
semi-conductor chips. The mitochondrial genome sequencing
runs generated 674 and 606 megabases (Mb) of sequence data
with the Sequencing 400 Kit and Hi-Q™ Sequencing Kit,
respectively, and the mean read lengths were 199 and
187 bp, respectively.

Concordance

The two mitochondrial genome data sets generated using the
Ion PGM™ Sequencing 400 Kit and the Ion PGM™ Hi-Q™
Sequencing Kit were compared to evaluate the effect on the
quality and accuracy of the generated sequence data. Data
analysis showed negative controls were clean with a read
depth across the entire mitochondrial genome of 2X or lower.
Haplotype calls for data generated with both the Sequencing
400 Kit and the Hi-Q™ Sequencing Kit were concordant.

Fig. 2 View of coverage plots with IGV illustrating areas of consistently high and low coverage across samples

�Fig. 3 Average noise across the mitochondrial genome (N= 31) for the
Ion PGM™ Sequencing 400 Kit (a) and for the Ion PGM™ Hi-Q™
Sequencing Kit (b)
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These samples were sequenced previously on the MiSeq [11]
allowing for an evaluation of concordance between MPS plat-
forms as the lower throughput of Sanger sequencing makes it
impractical for concordance testing. Thus, other positive con-
trol samples were not needed. Haplotypes were concordant
between the PGM and MiSeq data, excluding the number of
Cs in homopolymers around nucleotide positions 310 and 16,
189. Parson et al. [12] and Seo et al. [18] reported similar
results when evaluating concordance.

Coverage

Average coverage across the mitochondrial genome for the 31
samples ranged from 145 reads (X) (±65X) to 2713X
(±1255X) for the Sequencing 400 Kit and 222X (±91X) to
2224X (± 1006X) for the Hi-Q™ Sequencing Kit. However,
since the two data sets were sequenced on different Ion 318™
Chips v2, a RLP calculation was performed to account for
variability between the two runs that would not be attributed
to chemistry performance (e.g., chip loading). Average RLP
across the mitochondrial genome for the 31 samples ranged
from 0.13 (± 1.56E−06) to 2.25 (±1.94E−05) for the
Sequencing 400 Kit (Fig. 1a) and 0.22 (±2.80E−06) to 2.01
(±1.86E−05) for the Hi-Q™ Sequencing Kit (Fig. 1b). The
RLP plots (Fig. 1) illustrate that both sequencing chemistries
yield similar high- and low-coverage areas across the mito-
chondrial genome (Fig. 2) as was observed by Seo et al. [18].
Some of the coverage variation likely is attributable to the Ion
PGM™ Chemistry’s difficulty sequencing through homopol-
ymeric stretches [2, 12, 16–18, 34] which is supported by the
drop in coverage around the homopolymeric C stretches at
nucleotide positions 310 and 16,189. An increase in the min-
imum RLP was observed with the Hi-Q™ Sequencing Kit,
which may be indicative of better sequencing performance
through homopolymeric regions.

Strand balance

Coverage on a per strand basis was analyzed to assess strand
balance. Strand balance ratios for the Sequencing 400 Kit
(Supplementary Fig. 1A) and the Hi-Q™ Sequencing Kit
(Supplementary Fig. 1B) were highly concordant. The aver-
age positive strand balance across the entire mitochondrial
genome for all samples was 50.31 % (±15.1 %) with the
Sequencing 400 Kit and 44.77 % (±15.5 %) with the Hi-
Q™ Sequencing Kit, with 50 % indicating equal coverage.
For the Sequencing 400 Kit, 84.6 % of nucleotide positions
fell within the positive strand balance range of 30 to 70%. For
the Hi-Q™ Sequencing Kit, 81.3% of nucleotide positions fell
within the positive strand balance range of 30 to 70 %. No
pattern for strand bias between the two kits could be discerned.
However, the 546 additional nucleotide positions (3.3 %) that
fell within the positive strand balance range of 30 to 70 % for

the Sequencing 400 Kit but not the Hi-Q™ Sequencing Kit
had a positive strand balance below 30 % indicating a larger
number of reads were generated for the negative strand with
the Hi-Q™ Sequencing Kit at these nucleotide positions.

Noise

Noise evaluates the quality of the generated data. No substan-
tial difference in the noise level of the generated data was
observed between the two sequencing kits. However, 15

Fig. 4 aAn example of data generated with the Sequencing 400 Kit (top)
and the Hi-Q™ Sequencing Kit (bottom) in IGVwhere a decrease in false
deletions can be seen at one nucleotide position. b An example of a
comparison of data generated with the Sequencing 400 Kit (top) and
the Hi-Q™ Sequencing Kit (bottom) in IGV where the false deletion
rate at one nucleotide position remains unchanged
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nucleotide positions exhibited a change greater than five per-
cent. Of these 15, only four were lower with the Sequencing
400 Kit (Supplementary Table 1). The average percentage of
reads attributed to noise across the entire mitochondrial genome
for all samples was 0.14 % (±0.4 %) with the Sequencing 400
Kit and 0.12% (±0.3%)with the Hi-Q™ SequencingKit. Noise
for the Sequencing 400 Kit ranged from 0 (±0 %) to 12.16 %
(±0.6%)with only 23 nucleotide positions at a noise level above
five percent (Fig. 3a). Noise for the Hi-Q™ Sequencing Kit
ranged from 0 (±0 %) to 13.38 % (±0.05 %) with only 19
nucleotide positions at a noise level above five percent (Fig. 3b).

Positions at or above a five percent noise level
(Supplementary Table 1) were further investigated to deter-
mine their potential cause. One cluster of apparent noise was
found to be the result of a mispriming of one of the long PCR
primers (L644). In this instance, the last seven bases of the
forward primer are complementary with another region
(nucleotide positions 8486 to 8492; Supplementary Table 2).
This homology contributes to seven of the positions with
noise levels greater than five percent.

The remaining 27 of 34 nucleotide positions were found to
be the result of a combination of false deletions and false
insertions (discussed in greater detail below). Reads with these
errors do not align well with the reference sequence, result in

false substitutions, and subsequently were called Bnoise.^ For
example, the nucleotide position 13,984 displayed the highest
percentage of noise with minimal strand bias (average positive
strand balance of 62 (±7.4 %) and 40 % (±7.1 %) with the
Sequencing 400 Kit and Hi-Q™ Sequencing Kit, respective-
ly) in both data sets. This nucleotide position falls at the end of
a cytosine homopolymer four nucleotides long and appears to
be more refractory to the Ion PGM™ Chemistry. Three appar-
ent sequence species (or types) were detected between nucle-
otide positions 13,983 to 13,987 (Supplementary Table 3).
Both major and minor noises contained a false deletion within
the cytosine homopolymer 5′ to this nucleotide position. The
major noise type was found to have a false insertion at nucle-
otide position 13,984 causing a shift in alignment for this
position and creating an apparent substitution. The minor
noise type contained a similar insertion at nucleotide position
13,985. Thus, interpretation of apparent substitutions should
include considerations for possible false insertions and dele-
tions associated with nearby homopolymers.

Deletion ratios

False deletions (termed Bfalse^ due to their partial presence in
Ion PGM™ MPS reads) were observed throughout the Ion
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and number of consecutive identical nucleotides. The trend line indicates

the number of positions with that homopolymer type (e.g., data include
one instance of an 8A homopolymer)
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PGM™ data. The presence of false deletions in Ion PGM™-
generated sequence data has been well-reported [2, 12, 16–18,
34]. These false deletions can be confirmed to be false with
concordance testing as previous studies have illustrated a lack
of these deletions in Sanger sequencing and MiSeq data [11,
12, 18]. A total of 504 nucleotide positions were found to have
some level of false deletions, which was measured by a dele-
tion ratio.

Most false deletions were located in reads of one of the two
strands. With the Sequencing 400 Kit, the average deletion
ratios at each of these 504 nucleotide positions ranged from
0 (±0) to 0.66 (±0.22) with 70 nucleotide positions displaying
a deletion ratio greater than 0.10. With the Hi-Q™
Sequencing Kit, the average deletion ratios across these 504
nucleotide positions ranged from 0 (±0) to 0.44 (±0.45) with
38 nucleotide positions displaying a deletion ratio greater than
0.10. An overall decrease in systematic false deletions was
observed with the Hi-Q™ Sequencing Kit. A total of 312 of

the 504 nucleotide positions (61.9 %) had a positive delta
value (Fig. 4a) while 127 of the 504 nucleotide positions
(25.2 %) had a negative delta value. The remaining 65 nucle-
otide positions showed relatively no change in the deletion
ratio between data sets (Fig. 4b).

Each of the 504 nucleotide positions were grouped by type
of nucleotide (defined by the forward strand) and number of
consecutive identical nucleotides indicating that these false
deletions were associated largely (84.9 % of the 504 nucleo-
tide positions analyzed) with homopolymeric regions
(Supplementary Table 4). The deletion ratios were averaged
across the nucleotide positions categorized by type of nucle-
otide and number of consecutive identical nucleotides (e.g., A,
2A, 3A) (Fig. 5). All but two categories, positions with an
adenosine homopolymer eight nucleotides long or single cy-
tosine residue, produced a positive average delta value. Thus,
an overall reduction in the number of false deletions was ob-
served when using the Hi-Q™ Sequencing Kit. Significant

Table 1 Observed distribution of
non-significant, positive, and
negative delta values for sequence
sites classified by nucleotide type
and number of consecutive
identical nucleotides (total
n= 504)

Nucleotide and homopolymeric length of the site Number of sites with delta classification

NS +ve −ve Total

A 10 8 2 20

2A 3 33 10 46

3A 2 24 6 32

4A 1 21 7 29

5A 5 11 3 19

6A 0 9 2 11

7A 1 3 2 6

8A 0 0 1 1

C 2 3 3 8

2C 1 13 6 20

3C 9 36 17 62

4C 4 32 11 47

5C 6 29 12 47

6C 3 7 4 14

7C 0 1 1 2

G 6 5 2 13

2G 1 10 7 18

3G 1 3 2 6

4G 0 1 1 2

6G 0 1 0 1

T 11 19 5 35

2T 3 12 8 23

3T 1 13 6 20

4T 0 8 4 12

5T 1 4 1 6

6T 1 2 0 3

7T 0 1 0 1
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differences (by the permutation test) were observed across
length of homopolymers only for the sites with an adenosine
nucleotide (χ2 =38.52, p=0.0001) (Table 1). The other three
nucleotides did not show any effect of length of homopoly-
mers (χ2 = 6.49, p = 0.9079 for nucleotide C; χ2 = 9.91,
p=0.2599 for nucleotide G; and χ2 =14.12, p=0.2961 for
nucleotide T). Combined data on all four types of nucleotide
sites showed a significant effect of length of homopolymers
(χ2 = 51.05, p<0.0001). When data on all four nucleotide
types were pooled over all lengths of homopolymers, there
was no significant difference across the four nucleotide types
(χ2 =5.92, p=0.4287). However, overall, delta values showed
a significant effect of length of homopolymers over all nucle-
otides (χ2=51.05, p<0.0001) (Fig. 6).

While the Hi-Q™ Sequencing Chemistry does not
completely eliminate false deletions, it does improve sequenc-
ing through homopolymers. Moreover, the change in deletion
ratios for the single occurrence adenine, guanine, cytosine,
and thymine residues indicate homopolymers are not the sole
cause of false deletions. A total of 76 of the 504 nucleotide
positions analyzed (15.1 %) were single occurrence

adenosine, guanosine, cytosine, or thymine residues.
Positive average delta values of the deletion ratios between
the two enzymes were seen for the single adenosine, guano-
sine, and thymine residues, while a negative average delta
value was seen for the single cytosine residues.

There were no incorrect typings with either sequencing
chemistry, and the results also were concordant with those
obtained previously on the MiSeq platform. Long homopoly-
meric stretches of mitochondrial DNA often are not consid-
ered in evidence and reference profile comparisons [12, 14,
18, 35]. However, the noise that results from sequencing
through these homopolymers can make interpretation difficult
for analysts. As an example, the thymine residue at nucleotide
position 16,189 is flanked by five cytosine residues and four
cytosine residues between nucleotide positions 16,183 and 16,
194, respectively. The T16189C transition creates a long cy-
tosine homopolymer that generates length heteroplasmy and
false deletions during sequencing (Fig. 7a) [12]. These length
heteroplasmies and false deletions create noise and thus less
confidence in variant calls. Thus, base calling for the positions
surrounding homopolymers can be affected (Fig. 7b).
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Fig. 6 Average delta of deletion ratios between Sequencing 400 Kit andHi-Q™ SequencingKit generated sequences grouped by number of consecutive
identical nucleotides
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STR data

The two STR data sets generated using the Ion PGM™
Sequencing 400 Kit and the Ion PGM™ Hi-Q™ Sequencing
Kit also were compared to evaluate the effect on the quality and
accuracy of the generated sequence data. The STR sequencing
runs generated 237 and 481 Mb of sequence data with the
Sequencing 400 Kit and Hi-Q™ Sequencing Kit, respectively,
and the mean read length was 106 bp for both sequencing runs.
The difference between the two STR sequencing runs in the
amount of sequence data generated can be attributed mostly to
the difference in ISP loading for the Ion 318™Chips v2 used in
the sequencing runs. The first run had an ISP loading of 34 %
while the second run had an ISP loading of 68%.Differences in
ISP density after the chip loading process are a user-induced
variability and not a result of the sequencing chemistry. Data
analysis showed negative controls were clean with a read depth
of 3X or lower, and genotypes were generated for all ten
markers on all samples in both data sets. Additionally, genotype
calls produced by the HID_STR_Genotyper plugin and STRait
Razor were concordant. Genotype calls for data generated with
both sequencing kits were concordant. These samples also were
typed with the GlobalFiler™ Kit on a CE instrument, and the
genotype calls were concordant between theMPS and CE data.

There were no notable differences in RLP, strand balance,
ACRs, and SCRs for the STR data between the two

sequencing kits (data not shown). The lack of difference in
performance is not surprising as this HID-Ion STR 10-plex
panel was selected because these loci performed particularly
well with the original sequencing chemistry. The bias in se-
lection for high performing STRs likely reduced the chances
of observing an improved sequencing performance with this
panel. Nonetheless, the similar performance demonstrates that
the Hi-Q™ Sequencing Chemistry does not have a negative
impact on obtaining resultant data.

Conclusions

The mitochondrial genome and STR data produced in this
study were accurate and reliable with concordance between
different methodologies. While depth of coverage and strand
balance variations were identified, these variations did not
impact the accuracy of typing calls. Noise levels, generally
low, had no impact on the reliability of typing calls. The Ion
Torrent’s Hi-Q™ Sequencing Chemistry offers an improve-
ment in sequencing performance. The Ion PGM™
Sequencing 400 Kit and the Ion PGM™ Hi-Q™
Sequencing Kit were found to produce highly concordant se-
quencing results in relation to data accuracy, coverage, strand
balance, and noise levels. However, significant differences
were observed between the two sequencing kits for deletion

Fig. 7 a An illustration in IGVof
the T16189C transition that
results in an uninterrupted C
stretch and noise. bA comparison
in IGVof the T16189C transition
and resulting sequence noise with
the Sequencing 400 Kit (top) and
the Hi-Q™ Sequencing Kit
(bottom)
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ratios in the mitochondrial genome sequencing data and the
Ion PGM™ system’s ability to sequence through homopoly-
meric regions. The decrease in deletion ratios supports that
sequencing through homopolymeric regions can be improved
with the use of the Hi-Q™ Sequencing Chemistry.

There were no observable differences between the two se-
quencing kits and the STR resultant data. Unlike the mito-
chondrial genomewhere the entire genomewas used for study
in an unbiased fashion, the STRs selected for the HID-Ion
STR 10-plex were those that performed well and were robust
with the original sequencing chemistry. Therefore, finding no
difference in performance between the kits was expected. It is
important to note though that the new chemistry did not have a
negative impact on sequencing performance for the selected
STRs.

The overall data support that the Ion PGM™ system is
robust for sequencing the mitochondrial genome and the
HID-Ion STR 10-plex panel. By understanding the limitations
of MPS data, interpretation guidelines and bioinformatic tools
can be developed that allow for better analysis of MPS data.
Thus, the data presented herein also have bioinformatic value.
Defining depth of coverage levels, strand balance ratios, and
noise levels will contribute to providing reliable allele calls.
Observations on the potential causes of noise, showing false
deletions largely correlate to homopolymeric regions, and that
these false deletions are primarily found in reads of one direc-
tion may allow for development of algorithms that better an-
alyze such data. Continued validation studies of MPS technol-
ogies will facilitate development of robust interpretation
guidelines and bioinformatic tools.
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