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Letter to the Editor

Performance Comparison of Benchtop Next-generation
Sequencing Systems

Hee Sam Na*

Department of Oral Microbiology, School of Dentistry, Pusan National University, Yangsan Korea

With fast development and wide applications of next generation sequencing (NGS), genomic sequence information is
within reach to various research fields. Three benchtop NGS instruments are now available. The 454 GS Junior (Roche),
Ion PGM (Life Technologies) and MiSeq (Illumina) are laser-printer sized and offer modest set-up and running costs.
By reviewing 2 studies that compared the performance of these instruments, the major characteristics of each benchtop
platforms are compared to enable direct comparisons. The 454 GS Junior generated the longest reads and most contiguous
assemblies but had the lowest throughput. The Ion Torrent PGM had the highest throughput and fastest run time. The
MiSeq had the highest throughput per run and lowest error rates. The lon Torrent PGM and 454 GS Junior both produced
homopolymer-associated indel errors. Although all the platforms allow multiplexing of samples, details of experimental
design, library preparation and data analysis may constrain the options. The features of the platforms provide opportunities
both to conduct groundbreaking studies and to waste money. Thus, careful considerations should be made before

purchasing or using any of them.
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1. Roche 454 GS Junior

20103 ZMbol] EAE 454 GS Juniori= o] Aol A7)E A
© GS FLX Titanium system2] 43, lower-throughput ¥ %
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Table 1. Comparison of benchtop instruments and sequencing runs (modified from reference # 2)
Platform List price Cost per run Throughput (Read length) Run time Cost/Mb Mb/h
454 GS Junior $108,000 $1,000 35 Mb (400 bp) 8 hr $31 44
Ion PGM
(314 chip) $80,490 $225 10 Mb (100 bp) 3hr $22.5 33
(316 chip) $425 100 Mb (100 bp) 3 hr $4.25 33
(318 chip) $625 1,000 Mb (100 bp) 3hr $0.63 333
MiSeq $125,000 $750 1,500 Mb (2 < 150 bp) 27 hr $0.5 55.5
Table 2. Run and alignment metrics for benchtop sequencers (modified from reference # 2)
Modal read Mean read Alignment coverage
Platform Numberof oy, length in length in ;
atlo reads otat bases ¢ engt Chromosome Large Reads aligned
bases bases (s.d.) plasmid (%)
454 GS Junior 135,992 70,999,968 518 522 (46) 11.50 5.66 99
Ion PGM
(316 chip) 2,154,577 260,017,346 123 121 (16) 39.33 43.80 89
MiSeq 11,708,156 1,652,529,000 150 141 (22) - - -
MiSeq
demultiplexed 1,766,516 250,356,566 150 141 (21) 22.11 625.46 99
strain 280

Metrics for each sequencing run are shown as well as results of alignment against the reference sequence. Depth of coverage for the
chromosome and two large plasmids (pESBL and pAA) are shown with the percentage of read that align. For the MiSeq run, the sequence
metrics are shown for the entire run as well as the results of de-multiplexing E. coli O104:H4 strain 280.
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Table 3. Insertion/deletion and substitution errors on read level for benchtop sequencer (modified from reference # 3)

Plateform Sequencing kit Indels per 100 bp Indels per read Substitution per 100 bp Substitution per read
454 GS Junior GSJ titanium 0.4011 1.8351 0.0543 0.2484
Ion PGM 100 bp 0.3520 0.3878 0.0929 0.1024

200 bp 0.3955 0.6811 0.0303 0.0521

300 bp 0.7054 1.4457 0.0861 0.1765
MiSeq Nextera 0.0009 0.0013 0.0921 0.1318
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Table 4. Comparison between Ion PGM and MiSeq sequencing performance in 10 positive controls (modified from reference # 4)

Ion PGM (TMAP") MiSeq
Total read (Mb) 295.97 469.42
Average read length (bp) 116 150
% mapped on human genome 96.8% 75%
% on target regions 26.7% 22.7%
Mean depth of coverage 63 95
% of target regions at > 10-fold coverage 93.7% 96.8%
% of target regions at > 20-fold coverage 85.9% 93.2%

*TMAP (Torrent Mapping Alignment Program) is a customized mapping tools for sequencing data generated by PGM, ignoring the
indel calls around homopolymer stretch to reduce the hundreds of false negative calls.
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Table 5. Validation for mutation detection (modified from reference

#4)
Ion PGM (TMAP) MiSeq
Detection (+/total) 7/10 10/10
36.8 £ 21.8 924 + 532
Coverage (range) 8~77) (46~223)
Mutant allele (%) 50.1 £ 17.1 557 £ 23.1
(range) (33~83) (38~100)
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