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Abstract

Background. Whole genome sequencing (WGS) has evolved into a comprehensive diagnostic approach capable of
supporting clinical needs spanning reproductive medicine, pediatrics, oncology, infectious disease and population genomics.
Although Ilumina platforms still dominate clinical sequencing, the DNBSEQ instruments from MGI Tech which employ DNA
nanoball (DNB) technology and combinatorial probe-anchor synthesis (cPAS) chemistry have obtained regulatory approval in
several countries and are increasingly used in large-scale clinical sequencing programs.

Scope. This review evaluates the clinical application of WGS on the DNBSEQ-T7 and DNBSEQ-G400 platforms across
three coverage-depth tiers: low-pass (~0.1x-5x%), standard (~30%), and deep (>60%-—100x). Evidence was compiled from
indexed scientific publications, manufacturer technical documentation and independent benchmarking studies published
between 2018 and 2026.

Key findings. Comparative studies using NIST/Genome in a Bottle (GIAB) reference materials and clinical specimens
show that DNBSEQ-T7 and DNBSEQ-G400 deliver single-nucleotide variant (SNV) and small-indel detection performance
comparable to the Illumina NovaSeq 6000. Reported concordance exceeds 0.99 for germline SNVs and 0.80 for structural
variants when equivalent bioinformatics pipelines are used. Validated clinical applications include cfDNA-based non-invasive
prenatal testing (NIPT), preimplantation genetic testing (PGT), rapid WGS in critically ill pediatric patients, tumour-normal
analysis for somatic variant detection and homologous recombination deficiency (HRD), and large-scale population genomics.
Residual performance gaps concentrate in high-GC regions, homopolymers >10 bp and dinucleotide repeats, and are
substantially closed by deep-learning callers retrained on DNBSEQ chemistry.

Conclusion. DNBSEQ-T7 and DNBSEQ-G400 are viable short-read WGS platforms for clinical use across a range of
sequencing depths, with the strongest validation in reproductive medicine, rare-disease diagnosis and oncology. Routine
implementation requires bioinformatics validation tailored to platform-specific characteristics and compliance with
internationally recognized laboratory accreditation standards.

Keywords: whole genome sequencing, DNBSEQ-T7, DNBSEQ-G400, MGI Tech, precision oncology.
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AHHOTanus

AxtyanbHOCTh. [lonmHoreHOMHOe cekBeHupoBaHue (WGS) rpeBpaThIoCh B KOMIUIEKCHBIN AMAarHOCTHUECKWN MeTof,
OTBeYaroLMi MOTPeOHOCTAM TakUX 00/acTel, KaK penpoAyKTHBHAs MeAWIMHA, MeJUaTpHisi, OHKOJIOTHS, WH(EKIMOHHbIe
3ab0/1eBaHusI ¥ TIONY/ISILUOHHAst TeHOMHKA. XoTs r1atdopmel Illumina no-mpexxHeMy 3aHUMAarOT JOMUHHPYIOLIee MOI0XKeH e B
ctepe KIMHAYeCKOTO cekKBeHWpoBaHus, cucteMbl DNBSEQ ot komnanum MGI Tech, ucnonb3yromnme Texnonoruio [JHK-
HaHomiapoB (DNB) 1 XUMH0 KOMOMHAaTOPHOTO CUHTE3a C UCII0/Ib30BaHUeM 30H/I0B U sikopel (CPAS), mosyuniu pery/asitopHoe
ofi00peHue B psifie CTPaH M BCe Yallle MPUMEHSIFOTCS B MacIITaOHBIX TIPOrpaMMax KJIMHIUUEeCKOro CeKBeHUPOBaHUSI.

0630p. B fanHOM 0630pe olleHHBaeTCsT KMHUYecKoe rnpuMeHeHre WGS Ha miatrdopmax DNBSEQ-T7 u DNBSEQ-G400
TIPY TPEX YPOBHSIX ITyOWHBI MOKPLITUS: HU3KOM (~0,1x-5%), cranzaptHoM (~30%) u BeicokoM (>60%—100%). MaTepuans! s
0630pa ObuTM cobpaHbl Ha OCHOBe WH/EKCHPOBAHHBIX HAyUHBIX MyONMUKALMH, TEXHUUECKOH JOKYMEHTalUH TIPOM3BOAUTENS U
He3aBHUCHMBIX CPAaBHUTENIBHBIX UCCIe/[0BaHHUH, OIy06/IMKOBaHHBIX B ieprog, ¢ 2018 mo 2026 rog.

OcHoBHbIe pe3ynbraThl. CpaBHUTE/IbHBIE HCC/IES0BaHMS C UCIIOIb30BaHKeM pedepeHcHbIX MarepuanoB NIST/Genome in a
Bottle (GIAB) ¥ KIMHMYeCKUX 0Opa3lL[OB MOKa3biBaroT, uto riatdpopmel DNBSEQ-T7 u DNBSEQ-G400 obecreunBaroT
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TOYHOCTh BBISIB/IEHUsST OFHOHYK/IEOTUAHBIX BapuaHToB (SNV) u manbix wuHcepuuii/menenuii (indel), comocraBumyto c
rioka3aressimu cucteMsbl [llumina NovaSeq 6000. ITpu HCIonb30BaHAM SKBUBAIeHTHBIX OMOMH(OPMATHYeCKUX a/rOPUTMOB
06paboTky JaHHBIX (MAWIJIAHHOB) IMOKAa3aTe/b KOHKOPJAHTHOCTU mpeBbiinaer 0,99 anast repmuHanbHbix SNV u 0,80 ms
CTPYKTYPHBIX BapyHaHTOB. K UHCIy Ba/lMIMPOBAaHHBIX 00/1acTeli K/IMHWUUYECKOTO MPUMEHEHUs OTHOCSTCS: HEWHBa3HUBHOE
npeHaranbHoe TectupoBaHue (NIPT) Ha ocHoBe BHekseTouHod [JHK (cfDNA), mpemmIiiaHTalMOHHOE TeHeTHUYecKoe
tectupoBaHue (PGT), skcripecc-WGS y JeTeil B KPUTUUECKOM COCTOSTHUM, aHaU3 «OIMyXO0Jib-HOpMa» [Jisi BBISIB/IEHUS
COMaTHUeCKUX BapUaHTOB U JleuLiuTa ToMooruuHoi pekombuHaumu (HRD), a Takke MaciutabHble UcciejoBaHus B 0bmacTu
MOMY/ISILIMOHHOY TeHOMUKH. COXPaHSIOIIUeCs Pa3iuuusl B KauecTBe [JaHHBIX HAOJIIO/A0TCs TIPEUMYILeCTBEHHO B y4YacTKax C
BBICOKUM cofiep>kanrieM GC-Tiap, TOMOIIO/TUMEPHBIX TI0C/Ief0BaTebHOCTAX AMMHON >10 IL.H. U JUHYKIeOTUIHBIX MTOBTOpAX;
OJJHAKO 3T PACXOXK/IeHWsS B 3HAUWTEBHOMN CTeTleHHd YCTPaHSIOTCS TIPY WCIIO/B30BaHWM aArOPUTMOB BHI30Ba BAapHMAHTOB Ha
OCHOBe T/Iy00KOro 00yueHusi, epeobyuyeHHbIX ¢ yuetoM crieriubuku xumur DNBSEQ.

3akmouenne. Ilmatpopmer DNBSEQ-T7 u DNBSEQ-G400 senstorcs 3ddekTrBHBIMUA cucteMamu gyt WGS ¢
WCII0/Ib30BaHWEM KOPOTKMX TIPOUTEHHH B K/IWHWYECKOH MpAKTUKe IMPU Pa3JMUHbIX YPOBHSIX [YOWHBI CEKBEHHPOBAHMS;
Haubonee HaJeXHble JaHHble 00 WX 3(QQEKTUBHOCTH TONyueHbl B TakKuxX cdepax, Kak pernpojyKTHBHash MeJuLIMHa,
[IMarHOCTHKAa peKux 3aboseBaHUN W OHKOJIOTHS. BHelpeHHe 3THX CUCTEM B DYTUHHYH MPAakKTHKy TpeOyeT BaluAaLuu
OrovH(pOPMaTHUECKUX METO/JOB C YUETOM CrieliM(prUeCcKUX XapaKTepUCTHUK IM1aT(opM, a Takxe COOJIOAEeHUs] MeXXAyHapOJHO
MPU3HAHHBIX CTAH/APTOB AKKPeJUTAL[UU J1abopaTopuii.

KimoueBble cj1ioBa: mosiHOreHOMHOe cekBeHupoBanre, DNBSEQ-T7, DNBSEQ-G400, MGI Tech, nperu3nonHas
OHKOJIOTHSL.

Introduction

Whole genome sequencing has evolved from a purely research method into a clinical-grade assay that unifies the analysis
of SNVs, small indels, copy-number variants (CNVs), structural variants (SVs), mitochondrial variants and increasingly
pharmacogenomics and repeat expansions within a single test [10]. Compared with whole-exome sequencing and disease-
targeted panels, which will be addressed in a separate review, WGS offers higher and more uniform coverage of clinically
relevant genes, the ability to detect deep-intronic, regulatory and structural variants, and the opportunity for reanalysis as
knowledge accumulates. Across published reports of rapid WGS in the NICU, 36-73% of infants tested received a molecular
diagnosis, and management changes occurred in up to 72% of diagnosed patients [11]. Petrikin et al. (NSIGHT1) reported a
median time to diagnosis of 13 days (range 1-84) with rapid WGS, compared with 107 days (range 21-429) using standard
testing in critically ill infants [12], [13].

Over the past two decades, clinical short-read sequencing has been dominated by Illumina’s sequencing-by-synthesis
(SBS) chemistry. MGI Tech, a Shenzhen-based subsidiary of the BGI Group, has emerged as the most prominent alternative
high-quality short-read manufacturer, leveraging the DNB and cPAS technology inherited from Complete Genomics. In its
September 2025 T7+ launch release, MGI stated that more than 400 DNBSEQ-T7 units have been installed at over 200 leading
institutions worldwide, including the Genomics Thailand Initiative and the largest genomic sequencing project in Brazil [14].
The DNBSEQ-T7+ can now extend ultra-high throughput to more than 14 Tb per 24 hours with a claimed Q40 base accuracy
according to vendor data [14]; these are manufacturer-stated maxima obtained with fully loaded flow cells and internal
standard libraries, not routine clinical yields. Independent benchmark studies consistently show concordance with the Illumina
NovaSeq 6000 within clinically acceptable limits for most variant classes [1], [2], [3], [4], although a 2024 Tllumina white
paper stated that the NovaSeq X with DRAGEN v4.4 produced 8-12 times fewer SNV/indel errors than DNBSEQ-T7 with
MegaBOLT v2.4 when tested against the NIST v4.2.1 truth set, particularly in difficult regions [15].

This review is intended to assist clinicians, clinical molecular geneticists and laboratory directors who need to evaluate
platform choices and coverage-depth strategies. It covers sequencing strategies that use the entire human genome or, in the
context of liquid biopsy and NIPT, the entire pool of cell-free DNA as the substrate for library preparation, without prior
selection of specific genomic regions. Three coverage-depth tiers are examined:

Low-pass WGS (~0.1x—~5x): for calling chromosome- and segmental-level aneuploidy and CNVs, and for genotype
imputation against a reference panel.

Standard human WGS (~30x): for germline and tumour/normal variant discovery in constitutional disease and many
cancer types.

Deep WGS (>60x, generally 100x and above, sometimes >200x%): for tumour heterogeneity analysis, subclonal variant
calling, ctDNA detection, mosaicism and minimal residual disease (MRD).

After establishing the technical fundamentals and the concordance evidence base, each tier is reviewed with the depth of
discussion calibrated to the strength of the published evidence for the MGI/DNBSEQ platforms specifically. Cross-cutting
topics, bioinformatics, ACMG/AMP interpretation, the regulatory landscape and ethical, legal and social issues (ELSI) are
addressed thereafter.

Methods

This is a narrative, platform-focused critical review. It was not designed as a systematic review and no meta-analysis was
attempted; nevertheless, to make the evidence base reproducible and to limit selective citation, the search strategy, the
inclusion and exclusion criteria and the rules used to choose between competing studies are stated explicitly below. Evidence
was compiled from indexed scientific publications, independent benchmarking studies, manufacturer technical documentation
and a small number of clearly flagged preprints published between 2018 and 2026.

Search strategy. Literature searches were performed in PubMed/MEDLINE, Scopus and Google Scholar, with bioRxiv
and medRxiv searched separately for preprints, for material published from January 2018 onward (last search May 2026).
Platform terms ("DNBSEQ", "DNBSEQ-T7", "DNBSEQ-G400", "DNBSEQ-G99", "MGISEQ", "BGISEQ", "MGI Tech",
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"Complete Genomics", "DNA nanoball", "cPAS") were combined with application terms ("whole genome sequencing",
"WGS", "low-pass", "low-coverage", "non-invasive prenatal testing", "NIPT", "preimplantation genetic testing", "rapid
genome sequencing", "tumour", "ctDNA", "minimal residual disease", "metagenomic"”, "population genomics") and with
comparator terms ("Illumina", "NovaSeq", "HiSeq", "Ultima", "benchmark", "concordance", "Genome in a Bottle"). Reference
lists of included articles and of recent reviews were hand-searched, and the regulatory-news archive of GenomeWeb and the
websites of MGI Tech, Complete Genomics, Illumina and Ultima Genomics were searched for instrument specifications,
regulatory notices and white papers.

Inclusion and exclusion criteria. Included were:

a) primary studies, benchmarks or clinical validation reports in which at least one MGI/BGI DNB-based instrument
(BGISEQ-500, MGISEQ-2000, DNBSEQ-G400, DNBSEQ-G99, DNBSEQ-T7/T7+) was used for human whole-genome,
cell-free DNA or shotgun metagenomic sequencing without prior target enrichment;

b) cross-platform comparisons that included at least one such instrument together with an Illumina or Ultima comparator;

¢) landmark clinical studies performed on other platforms (for example NSIGHT1, the 100,000 Genomes pilot, PCAWG
and the Mackie NIPT meta-analysis) where they establish the clinical benchmark against which DNBSEQ data are judged, in
which case the platform used is stated explicitly;

d) regulatory, specification and cost information from manufacturers or regulators, reported as vendor-stated.

Foundational papers published before 2018 (Drmanac et al. 2010; Liao et al. 2014; Zhang et al. 2015; Griffith et al. 2015;
Mackie et al. 2017) were retained where they describe the underlying chemistry or remain the accepted clinical benchmark.
Excluded were studies of targeted panels and whole-exome sequencing (addressed in a separate review), non-human
applications, RNA-seq and single-cell studies except where they inform cross-platform equivalence, conference abstracts
without accessible data, and articles not available in English.

Study selection and weighting. Where several studies addressed the same question, preference was given, in order, to
studies with an independent truth set (NIST/GIAB or orthogonal clinical confirmation), the largest cohort, the most recent
instrument generation, and studies in which identical bioinformatics were applied to every platform compared. Studies were
omitted, rather than cited selectively, when the sequencing platform could not be identified from the methods, when the
comparison relied on different pipelines for different platforms without a common-pipeline arm (the two vendor white papers
are the deliberate exception and are discussed critically in Section 3.3), or when the results were superseded by a later report
from the same group. No formal risk-of-bias scoring was applied; instead, commercial authorship and preprint status are
flagged at the point of citation. Sources were weighted in the following order:

1) peer-reviewed primary studies and independent cross-platform benchmarks;

2) preprints, treated as provisional and identified as such at the point of citation;

3) vendor-authored comparative benchmarking from either MGI/Complete Genomics or Illumina, used only where the
underlying data and pipeline are specified, with commercial interest explicitly acknowledged [15], [26];

4) product specifications, press releases and regulatory news, reported as vendor- or reporter-stated and not independently
validated.

Clinical applications are organized by coverage-depth tier, and within each tier the strength of the DNBSEQ-specific
evidence is distinguished from evidence generated on other platforms for which only analytical equivalence has been
demonstrated.

Results and Discussion

3.1. DNB and cPAS chemistry

DNBSEQ chemistry differs from Illumina SBS in two principal respects. First, clonal template formation uses rolling-
circle replication (RCR) of single-stranded circular library molecules to generate DNA nanoballs, each containing ~300-500
tandem copies of the original insert without PCR cluster generation by bridge amplification. Because all RCR copies derive
directly from the original template rather than from copies of copies, the accumulation of inter-copy errors is suppressed, and
there is no clonal PCR error on the formed array. Second, sequencing uses combinatorial probe—anchor synthesis (cPAS):
fluorescently labelled, nucleotide-conjugated probes with reversible termination anchored near the read position, rather than
direct enzymatic extension of a primer. DNBs are loaded onto a patterned silicon flow cell with sub-pixel registration, yielding
high signal density and low index hopping [5], [16], [63].

The practical advantages of this architecture are a low duplication rate, absence of index swapping, and stable base quality
throughout the run. The principal drawbacks are a shorter maximum read length (PE150 on the T7/G400) and an error
spectrum that differs from SBS, with vendor-specific bias in certain homopolymer and GC-extreme contexts [2].

Library preparation, input quality and the DNB workflow. The sequencer is only one determinant of DNBSEQ
performance; the route by which a clinical sample becomes a DNA nanoball matters as much, and the consequences are most
visible in low-input and degraded specimens. DNBSEQ libraries must be denatured and circularized into single-stranded
circles before rolling-circle replication, which adds a circularization and exonuclease-digestion step to any adapter-ligated
library and makes the workflow sensitive to adapter-dimer and short-fragment carry-over. The single-stranded circular (ssCir)
library is then quantified and a defined molar amount is converted to DNBs, which are loaded onto the patterned array at a
fixed target occupancy. Because the array positions are fixed, both under-loading (empty spots and lost output) and over-
loading (signal interference between adjacent spots) reduce usable yield, so accurate quantification of the ssCir library and of
every sample within a pool is required for balanced demultiplexing. MGI’s own application data report per-sample split-rate
deviations of about 1% when eight libraries were pooled without balancing on the DNBSEQ-G99 [58], but larger imbalances
can leave individual samples below the depth required for reporting and are a common cause of re-runs in clinical laboratories.

Two library routes are available. PCR-free kits (for example the MGIEasy FS PCR-Free and DNBSEQ Fast PCR-FREE
FS sets) require approximately 25-900 ng of intact genomic DNA and, combined with the PCR-free clonal amplification of
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RCR, give a workflow with no amplification step at all [61]; this is the route used in the vendor benchmarks discussed in
Section 3.3 and in most 30x germline WGS, and it is the configuration that delivers the low duplication rate, low GC bias and
favourable indel accuracy associated with DNBSEQ [26], [61]. PCR-amplified kits (for example the MGIEasy Fast FS set
V2.0) accept 1 ng—1 pg and are the only option for FFPE tissue, low-input biopsies, whole-genome-amplified PGT biopsies
and most cell-free DNA [62]; they reintroduce polymerase errors, PCR duplicates and GC-dependent amplification bias, so
that the low duplication rate quoted for DNBSEQ then applies only to the sequencing step and not to the library. The
magnitude of the effect is illustrated by the Illumina white paper itself, in which TruSeq PCR-free libraries converted for
DNBSEQ with an adapter-conversion PCR produced about five-fold more indel errors and two-fold more total errors than
native PCR-free DNBSEQ libraries run on the same instrument [15]. FFPE-derived DNA adds fragmentation and cytosine-
deamination (C>T) artefacts that are platform-independent but are amplified by additional PCR cycles and require uracil-
DNA-glycosylase treatment and variant-allele-frequency thresholds to be set during validation; the DNBSEQ-T7 has been
shown to give mtDNA variant results equivalent to the NovaSeq 6000 from FFPE as well as blood and saliva [4], but
systematic nuclear-genome FFPE comparisons between DNBSEQ and Illumina at whole-genome scale remain sparse. For cell-
free DNA, the short (~167 bp) fragments are well suited to PE100 circularized libraries, and the absence of index hopping on
DNB arrays [63] is an advantage when hundreds of NIPT or ctDNA libraries are multiplexed; however, the circularization
efficiency of very short or damaged fragments and the input-dependent duplicate rate should be established during validation
for each specimen type, as the AMP/CAP guidelines recommend [65]. In practical terms, laboratories should validate each
combination of specimen type, library kit and sequencer as a distinct assay and should not extrapolate PCR-free germline
performance to PCR-amplified FFPE or liquid-biopsy workflows.

3.2. The DNBSEQ instrument family and comparator platforms

The DNBSEQ family: T7, G400 and G99. The three DNBSEQ instruments relevant to clinical laboratories occupy
distinct throughput tiers (Table 2). The DNBSEQ-T7 (four flow cells, ~5,800 million reads per flow cell, up to ~7 Tb per run)
is the production-scale instrument for 30x and deeper human WGS, and the DNBSEQ-G400 (two flow cells, ~55 Gb-1.4 Tb
per run depending on flow cell and read length) is the mid-throughput workhorse for NIPT, PGT, products-of-conception
analysis, exomes and smaller WGS batches [58]. The DNBSEQ-G99, launched in September 2022, is a benchtop (~140 kg)
mid-to-low-throughput instrument with two independently operable flow cells, 40—200 million reads per flow cell and 8-240
Gb per run depending on the FCS, FCL or FCU flow cell and the read length; its defining feature is speed, with PE150
completed in about 12 hours and SE100/PE50 in about 5 hours on an FCL flow cell, and with Q40 quality claimed for >85% of
bases using StandardMPS 2.0 reagents [58]. The manufacturer positions it for targeted oncology panels, infectious-disease and
metagenomic sequencing, methylation panels, small genomes, 16S and low-pass WGS, and recommends approximately 8-20
NIPT or PGS samples per flow cell at ~10 million SE50 reads each [58]. It obtained NMPA medical-device registration in
September 2023, permitting clinical use in China [59], and carries a CE mark under the EU IVDR as a self-declared Class A
(low-risk) instrument, a route that involves no notified body and that does not itself certify any clinical assay run on the
instrument [60]. For the purposes of this review the G99 is therefore relevant to the low-pass tier (Section 3.4) and to
metagenomic NGS (Section 3.5): even the largest FCU flow cell at PE150 (60-120 Gb) yields at most one 30x human
genome, so standard-depth and deep WGS remain the domain of the G400 and T7. Its rapid turnaround and small footprint
make it the natural DNBSEQ entry point for hospital molecular laboratories that currently run PCR-based tests and wish to add
sequencing-based NIPT, PGT-A, mNGS or tumour panels without the batching constraints of a high-throughput instrument; the
CE-IVD somatic HRD workflow being developed by MGI with SeqOne and Agilent is designed for this platform (Section 3.5)
[40]. It should be stressed that, unlike the T7 and G400, the G99 has no peer-reviewed clinical WGS validation literature yet;
all performance figures quoted here are manufacturer-stated.

Illumina sequencing-by-synthesis. Illumina relies on bridge amplification of adapter-ligated library molecules on a
patterned (NovaSeq) or random (older HiSeq) flow cell, followed by SBS with cyclic reversible terminators. The NovaSeq X,
launched in 2023, uses XLEAP-SBS chemistry delivering up to ~16 Tb per run with a dual flow cell and supporting PE150 at
Q40-grade base quality per vendor metrics. The NovaSeq 6000, now categorized as legacy, delivers up to ~6 Tb per run in a
dual-flow-cell configuration. Illumina’s principal strengths for clinical use are a mature regulatory footprint (the NovaSeq
6000Dx and NextSeq 550Dx hold CE-IVD/FDA certification in their respective configurations), a broad ecosystem of
validated library kits, third-party variant callers and supporting software, and well-documented error and indel characteristics
in difficult regions, with DRAGEN v4.4 and graph-based references improving callability [15], [17].

Ultima Genomics 100. The UG 100 uses a silicon-wafer-based open-fluidics chemistry termed mostly natural sequencing-
by-synthesis (mnSBS), in which a single nucleotide type is flowed per cycle with a small labelled fraction. Base identity at
each flow is unambiguous, but homopolymer length must be inferred from incorporation-signal magnitude. Reads are single-
end with an effective length of ~300 bp. The platform’s principal appeal is cost: ~US$80-100 per 30x genome for reagents,
with a capacity of ~10 billion reads per run [9], [18]. Independent benchmarks on NIST GIAB samples show SNV precision
and recall comparable to the NovaSeq 6000 in non-masked regions. However, accuracy in homopolymer regions declines
below 90% beyond 8 bp and drops further in the 11-20 bp range, a limitation with clinical impact, given that many medically
relevant loci contain long homopolymer tracts [9]. Paired plus-minus sequencing (ppmSeq), which processes both original
DNA strands simultaneously, achieves raw accuracy up to ~Q60 and enables whole-genome MRD applications (Labcorp
Plasma Detect Genome MRD) with a reported limit of detection below 3 ppm [19], [20]. To date, UG 100 deployment in
clinical settings remains limited and largely investigational, including proof-of-concept work for CSF metagenomics [21].
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Table 1 - Specifications and clinical attributes of current short-read WGS platforms

DOTI: https://doi.org/10.60797/jbg.2026.33.9.1

Atribure | PVBSEQ-T7 | DNBSEQ- | DNBSEQ- Nﬂi‘fgégax 135?;22 Ultima UG
(V3.0 T7+ (2025) G400 Plus 6000 100
Flow-based
. DNB + cPAS SBS

Chemistry | DNB + cPAS (SM2.0) DNB + cPAS (XLEAP) SBS mnSBS,

single-end
. PE150 (FCL); .

Maximum PE150 PE150 PE300 PE150 PE150 ~300 bp

read length e 1 single-end
(specific kits)

Maximum ~1.08 Tb /run|Up to ~16 Tb /| Upto ~6 Tb /| ~6 Tb/run
output /241 | OP©7Tb | >14Tb (~38 h) 48h 441h (<20 h)
30 genome ~33,600 (300- thr;\l/lh(}ll_ ut
capacity per ~28,000 ’ shput, 20,000+ ~7,500 Thousands

oar day model) daily
y operation
%‘jg 1“5“3)9 22-24h <24h 37-88h 17-48 h 24-44h ~20 h
Q=60
>85% (ppmSeq);
QBOd(eZSI dor (typically Si?l]r);se >85% 8?](3];2];)1 >85% varies in
>90%) y homopolymer
s
Cost per 30x
WGS . ~US$100 i Vendor target i N

(reagents, US$150 ($1/Gb) Higher ~US$200 Higher US$80-100
vendor data)

?21\;1;1 0.995-0.999 ~0.998 (non-
indepen d(’ent (equivalent n/a (new) 0.995-0.999 ~0.999 ~0.999 masked
studies) pipeline) regions)

Indel F1 on

long . . . . . <0.90 above 8

homopolymer High (PE150)| Improving High High High bp
s
NMPA Class .

Regulatory | “yr0000). | CE-IVDin | NMPA: CE- | FDADxin | 2009P% CE- | 250 clinical

status IVD/FDA .

CE-IVD process IVD (2022) process pilot

(selected) (2022) cleared

Note: combined manufacturer data and independent reports; figures are approximate and depend on instrument version;
throughput, run time and Q30/Q40 values are manufacturer-stated maxima for fully loaded flow cells and internal standard
libraries; cost figures are vendor list or target prices for sequencing reagents only and exclude library preparation, instrument
depreciation, service, labour, QC failures and re-runs, compute, storage and interpretation (see text); the DNBSEQ-G99 is not
designed for standard-depth human WGS and is compared separately in Table 2

The throughput and cost figures in Table 1 require careful interpretation. Quoted maximum outputs (for example 7 Tb per
T7 run or >14 Tb per day for the T7+) describe fully loaded flow cells sequenced with internal standard libraries; MGI’s own
specifications state that effective read numbers depend on sample type and library preparation and that Q30 performance is
affected by library quality and insert size [58]. In routine clinical practice the deliverable yield per run is reduced by adapter
and low-quality read filtering, duplicate removal, under-loading when clinical batch sizes do not fill a flow cell, library failures
that must be repeated and occasional run failures; laboratories should therefore plan capacity on validated in-house yields
rather than on nameplate output. Similarly, the cost figures quoted in Table 1 are vendor-stated reagent list or target prices per
30% genome (~US$1 per Gb for the T7+ [14]). They exclude DNA extraction and library preparation, instrument purchase or
depreciation, service contracts, labour, quality control and re-run costs, compute, storage, variant interpretation and reporting,
and the fixed costs of validation and accreditation. A microcosting study of Illumina-based clinical WGS in a UK National
Health Service laboratory processing ~400 samples per year estimated £6,841 per cancer case (tumour plus germline) and
£7,050 per rare-disease trio, with sequencing consumables accounting for 68-72% of the total and the remainder arising from
staff, equipment and bioinformatics; the authors concluded that the cost of genome sequencing is underestimated if only
sequencing costs are considered [57]. Comparable fully loaded costs for DNBSEQ workflows have not been published
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independently. Vendor per-genome figures should therefore be regarded as a lower bound on the consumables component
rather than as the cost of a clinical test, and the cost advantage of DNBSEQ relative to Illumina is most pronounced precisely
in high-volume, fully loaded settings such as NIPT and population programs and narrows at low sample volumes.

Table 2 - Clinical positioning of the DNBSEQ-G99 relative to the DNBSEQ-G400 and DNBSEQ-T7
DOT: https://doi.org/10.60797/jbg.2026.33.9.2

Attribute NBSEQ-G99 DNBSEQ-G400 DNBSEQ-T7
Benchtop (~140 kg); 2 Floor-standing; 2 flow Floor-standing; 4 flow
Format .
independent flow cells cells cells
Reads per flow cell |40 M (FCS), 80 M (FCL), . .
(vendor) 200 M (FCU) 300-1,800 M 5,800 M
Output per run (vendor) 8-240 Gb 55-1,440 Gb 1-7Tb
. ~12 h (FCL); ~16 h
PE150 run time (FCU) 37-88 h 22-24h
SE100/PE50in ~5h
Fastest mode (FCL) n/s n/s
. PE300 (App-D PE150 (FCL); PE300
Maximum read length FCL/FCU); SE400 (specific kits) PE150
Approx. 30x human
genomes per flow cell <1 (FCU PE150) ~5 (FCL PE150) ~15-17
(derived)
NMPA registration (Sept
NMPA Class III (2020);
Regulatory status 2023); CE mark under . ) ’
(selected) IVDR, Class A self- NMPA; CE-IVD (2022) CE—IVDCl(eZEgii)C,eno FDA
declared (2023)
Targeted oncology panels;
mNGS/pathogen NIPT (96-384 per flow 30x and deep WGS at
Vendor-recommended detection; methylation cell); PGT; POC; WES; scale; population
clinical applications |panels; NIPT/PGS (~8-20 srna’ll-ba téh 30><’ WGS’ programs; high-volume
samples per flow cell); NIPT
16S; small genomes
Role in this review’s | Low-pass tier and mNGS | Low-pass and standard Standard and deep tiers
coverage tiers only tiers P

Note: manufacturer-stated specifications taken from the MGI G99 brochure (version 20251201) [58] and the regulatory
notices cited in the text [59], [60]; all caveats on nameplate throughput stated above apply. n/s = not stated in the source
used; genome counts assume ~100 Gb of raw PE150 data per 30x genome and are derived from vendor read counts, not
independently measured; G99 regulatory dates are from GenomeWeb reports

3.3. Concordance and validation: DNBSEQ versus Illumina

Multiple peer-reviewed studies demonstrate that DNBSEQ-platform WGS produces variant calls clinically equivalent to
[lumina for most variant classes.

Korostin et al. (2020) compared the MGISEQ-2000 with the Illumina HiSeq 2500 for human WGS, finding read quality,
mapping rate and concordance equivalent >99% for SNVs and >97% for indels, when the same pipeline was applied to both
[22].

Patch, Nones, Kazakoff et al. (2018) performed cancer tumour/normal WGS on the BGISEQ-500 and Illumina HiSeq X
Ten for three mesothelioma trios. Germline SNV concordance with SNP arrays exceeded 99% on both platforms; 86% of
germline and 72% of somatic SNVs were identified by both platforms, with only 0.36% of SNV calls unique to the BGISEQ-
500 [23].

Jeon et al. (2021) compared the NovaSeq 6000, MGISEQ-2000 and DNBSEQ-T7 on paired tumour/normal samples. The
MGISEQ-2000 was most concordant with the NovaSeq 6000 for germline SNVs/indels, whereas the DNBSEQ-T7 was most
concordant for somatic SNVs/indels [1].

Kim et al. (2021) compared seven short-read platforms such as BGISEQ-500, DNBSEQ-T7, HiSeq 2000/2500/4000/X10
and NovaSeq 6000 using the Korean Reference Genome. The MGI platforms showed higher SNP-array concordance than the
HiSeq 2000/4000 and were equivalent to the NovaSeq 6000 on nearly all quality metrics [2].

Senabouth et al. (2020) showed that the MGISEQ-2000 and NovaSeq 6000 provide equivalent cell, UMI and gene
detection in single-cell RNA-seq [24].

Feng et al. (2024) found equivalent mtDNA variant detection between the DNBSEQ-T7 and NovaSeq 6000 for blood,
FFPE and saliva samples; for plasma cf-mtDNA, the NovaSeq 6000 captured a broader fragment-size range [4].
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Rao et al. (2025) applied 40 SV-calling tools across eight DNBSEQ and two Illumina WGS datasets. Inter-platform
correlation reached >0.80 for SV count, size, precision and sensitivity, while DNBSEQ showed superior performance for small
CNVs [3].

Conversely, the Illumina white paper (2024), comparing the NovaSeq X with DRAGEN v4.4 against the DNBSEQ-T7
with MegaBOLT v2.4, reported 8-12 times more SNV/indel errors in the MGI workflow against the NIST v4.2.1 benchmark,
arising primarily from high-GC regions, homopolymers >10 bp and dinucleotide repeats [15]. This claim was contested by
MGI/Complete Genomics, which subsequently released a cross-platform benchmark of the DNBSEQ-T7, T7+ and T1+ against
PCR-free HG002 datasets from the Illumina NovaSeq 6000, Element AVITI and PacBio Onso, all subsampled to 30x effective
depth and aligned with MegaBOLT (BWA-MEM?2), and reported higher SNP and indel F-measures for all three DNBSEQ
instruments than for the comparators (SNP F-measure 99.80% versus 99.57% for the NovaSeq 6000 against NIST v4.2.1) [26].
Both documents are vendor-authored; neither is decisive absent independent replication, and neither isolates the sequencing
chemistry from the analysis pipeline, as discussed next.

Why neither vendor benchmark isolates the sequencing chemistry. Neither document compares the sequencers alone. In
the Illumina study the Illumina arm was analyzed with DRAGEN v4.4, a proprietary hardware-accelerated pipeline with
machine-learning recalibration and graph-reference options, whereas the MGI arm was analyzed with MegaBOLT v2.4.0
running either a GATK 4.1.8.1 HaplotypeCaller module or a DeepVariant module, with the MGI libraries prepared at a third-
party core laboratory and all data down-sampled to 35x% before duplicate removal [15]. In the MGI study the DNBSEQ arm
was analyzed with MGI’s proprietary pangenome-based PanVariants pipeline, while every comparator platform was analyzed
with open-source DeepVariant v1.9.0 at 30x effective depth [26]. Each vendor therefore paired its own instrument with its own
optimized secondary analysis and the competitor’s instrument with a different caller, so the reported error differences conflate
sequencing chemistry, library preparation, pipeline and caller training data, and cannot be attributed to the platforms
themselves. The two studies are also not comparable with each other: they examined different Illumina instruments (the
NovaSeq X versus the legacy NovaSeq 6000), used different depth conventions and, in the Illumina study, included a library-
conversion arm that is not representative of native DNBSEQ workflows. A benchmark intended to characterize the platforms
rather than the software would run an identical baseline pipeline (for example BWA-MEM?2 with GATK HaplotypeCaller at
default settings, or a single DeepVariant release with one model) on libraries prepared by each vendor’s recommended PCR-
free protocol from the same reference DNA, at matched effective depth, with results stratified by the GIAB genomic-context
regions, and would report the vendor-optimized pipelines only as a secondary analysis; ideally it would be performed by an
independent laboratory. The independent studies summarized above [1], [2], [22], [23] approximate this design because they
applied the same pipeline to every platform, which is why their conclusion, namely equivalence within clinically acceptable
limits for most variant classes with residual DNBSEQ weaknesses in GC-extreme and long-homopolymer contexts, is more
credible than either vendor claim. A further caveat applies to deep-learning callers: DeepVariant’s standard short-read models
were trained on Illumina data, so out-of-the-box performance on DNBSEQ reads partly reflects training-set mismatch rather
than sequencing error, and platform-specific retraining (Sentieon DNAscope for MGI, MegaBOLT-DV and DNBSEQ-specific
DeepVariant models) recovers much of the difference [27]. For the same reason, a Deep Variant-versus-PanVariants comparison
is no more informative about chemistry than a DRAGEN-versus-MegaBOLT one.

In practical terms, the lesson for laboratories is unchanged. For clinical laboratories adopting DNBSEQ), validation against
an internal orthogonal truth set and careful attention to the pipeline used remain essential. Deep-learning callers trained
specifically on DNBSEQ chemistry, Sentieon DNAscope and MegaBOLT-DV close most of the remaining gap [27].

3.4. Low-pass WGS (~0.1x-5x): reproductive applications

Non-invasive prenatal testing like cfDNA-based NIPT is the most widespread low-pass WGS application worldwide and
simultaneously the most commercially successful clinical use of MGI-platform sequencing. The technical principle is
straightforward: whole-genome sequencing of maternal plasma cfDNA at ~0.1-0.3x% depth, after which read counts per bin are
normalized and compared with a euploid reference to detect imbalance at the chromosomal and, increasingly, sub-
chromosomal level. DNBSEQ chemistry has an advantage here because of its low GC bias, GC-correlated bin variance being a
major source of NIPT false positives [28].

Zhang et al. (2015) validated BGI low-coverage WGS NIPT across 146,958 pregnancies throughout China. Sensitivity
was 99.17%/98.24%/100% and specificity >99.95% for T21/T18/T13, with equivalent performance in both low- and high-risk
women [29].

Li et al. (2019) published the first clinical evaluation of BGISEQ-500 NIPT (cPAS chemistry) specifically for sex
chromosome aneuploidy in 570 pregnancies, with no false negatives for 45,X, 47,XXY, 47,XXX or 47,XYY and an overall
PPV of 60.5% [30].

Lee et al. (2019) validated the BGI/NIFTY workflow in 1,055 Korean pregnancies. Sensitivity/specificity was
100%/99.9% for T21, 92.9%/100% for T18 and 100%/99.9% for T13, with per-trisomy PPV of 90-100% [31].

Zhen et al. (2025) reported the largest single-centre genome-wide BGISEQ-500 NIPT cohort published to date: 59,877
pregnancies enrolled, of which 59,771 were successfully tested, at ~0.17% coverage. Sensitivity exceeded 97% for fetal
aneuploidy and 63.6% for CNVs >5 Mb. PPVs were 83.1% (T21), 25.8% (T18), 10.3% (T13), 51.9% (SCA), 2.0% (rare
autosomal aneuploidy) and 33.9% (CNV >5 Mb) [32].

A cross-platform meta-analysis by Mackie et al. (2017) pooled 117 studies and reported, for trisomy 21, a sensitivity of
99.4% (95% CI 98.3-99.8%) and specificity of 99.9% (95% CI 99.9-100%) across 148,344 tests, a clinical benchmark from
which DNBSEQ-based workflows show no meaningful deviation [33]. In routine practice, DNBSEQ-G400 or DNBSEQ-T7
workflows can multiplex 96-384 NIPT samples per flow cell and produce a report within 5-7 working days; for lower-volume
hospital laboratories the benchtop DNBSEQ-G99 offers a same-day sequencing alternative at a vendor-recommended 8-20
NIPT samples per flow cell (~10 million SE50 reads per sample) [58], although, to our knowledge, no peer-reviewed clinical
NIPT validation specific to the G99 had been published at the time of writing.
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Preimplantation genetic testing (PGT-A) that previously using FISH or array-CGH and now dominated by NGS uses ultra-
low-pass WGS (~0.002x-0.1x) to call 24-chromosome and segmental aneuploidy from trophectoderm biopsies, typically 5-10
cells with whole-genome amplification. Commercial PGT-A kits such as the Revvity PG-Seq Rapid Kit v2 are designed and
validated for the Illumina, Element and MGI platforms [34], while the DNBSEQ-G400 with a PE150 FCS flow cell is the
workhorse of choice in many Asian PGT laboratories. Recent publications show a shift from PGT-A alone toward
comprehensive PGT on a single low-pass run: Chen et al. (2025) presented KaryoSeq, integrating PGT-A, PGT-M and PGT-SR
at ~2x sequencing per embryo (about 20 million raw reads), achieving 100% concordance with conventional PGT while
additionally detecting triploidy, uniparental disomy, the parental origin of CNVs and maternal cell contamination [35]. Earlier
work showed comprehensive PGT can be performed reliably via 10x parental and 4% embryonic sequencing with
haplarithmisis-based haplotyping [36]. PGT workflows on the DNBSEQ-G400 typically generate 200,000-1,000,000 PE100
reads per embryo from a multiplexed flow cell, with sequencing turnaround under 24 hours and per-embryo sequencing-
reagent cost under US$100 (vendor-stated, excluding biopsy, whole-genome amplification, library preparation and labour). The
DNBSEQ-G99’s 12-hour PE150 and 5-hour SE100 runs make it suitable for small PGT batches in which embryo-transfer
timing is critical, again on vendor rather than peer-reviewed evidence [58].

Besides, products of conception and carrier screening which from low-pass WGS (<1x) has largely replaced karyotyping
and CMA for POC analysis in many laboratories, yielding aneuploidy results together with high-resolution CNVs and avoiding
culture failure, which can derail 10-40% of karyotyping attempts. DNBSEQ-G400-based POC workflows have been applied at
large scale by BGI Genomics and partner laboratories in China. For expanded carrier screening, combining low-pass WGS
with reference-panel imputation is technically feasible on the DNBSEQ-G400 but not yet widely offered commercially, most
clinical carrier panels still use targeted capture.

3.5. Standard 30x WGS: diagnostics, oncology and population genomics

Rare disease and paediatric diagnostics. 30x short-read WGS is the mainstay for clinical diagnosis of rare Mendelian
disease, with diagnostic yield of 25-55% in pediatric populations and a clear advantage over WES [10], [11], [12], [13]. The
clinical argument for WGS over WES rests on more uniform coverage of clinically relevant exons, detection of deep-intronic,
regulatory and splice-altering variants, simultaneous detection of SVs and mitochondrial variants, and the opportunity for
reanalysis as gene—disease evidence accumulates.

For DNBSEQ, the most rigorous published clinical evidence comes from the China Neonatal Genomes Project and partner
studies. Wu et al. (2021) reported the largest prospective trio rapid-WGS study on DNBSEQ, covering 202 critically ill infants
across 13 hospitals in 10 Chinese provinces. Trio-r WGS achieved a diagnostic yield of 36.6% (95% CI 30.1-43.7%)
compared with 20.3% for proband-only clinical exome (p = 0.0004), with a median turnaround of 7 days versus 20 days (p <
2.2 x 10'%) [37]. Wang et al. (2020) validated Optimized Trio Genome Sequencing on DNBSEQ for 130 NICU/PICU patients
at Fudan Children’s Hospital (proband 40-50%, parental 8—10x%), yielding a diagnostic rate of 47.7% (62/130) with a median
turnaround of 90 hours [38].

These yields and turnaround times are comparable to landmark rapid-WGS studies on Illumina platforms. Petrikin et al.
(NSIGHT1, a randomized controlled trial) reported a median time to diagnosis of 13 days versus 107 days for standard testing
(p = 0.04), and Farnaes et al. showed a change in clinical management in 31% (13/42) of infants undergoing rwWGS versus 2%
(1/42) of controls (p = 0.0015) [11], [12], [13]. Operationally, a single DNBSEQ-T7 PE150 flow cell (~5,800 million reads,
~1.7 Tb) generates data sufficient for ~15-17 human 30x genomes, or roughly 60 per fully loaded four-flow-cell run (derived
from vendor read counts [58]); paired with the FPGA-accelerated MegaBOLT germline pipeline (1.5 hours per 30x genome to
VCF) [27], an end-to-end turnaround under 72 hours is achievable with good coordination between library preparation and
analysis prioritization.

Germline cancer predisposition. Beyond targeted hereditary cancer panels, 30x WGS can detect deep-intronic and
structural variants in BRCA1/2, PALB2, RAD51C/D, mismatch-repair genes and others that frequently escape capture-based
assays; large rearrangements in BRCA1 and Alu-mediated intronic deletions are well-documented WGS-only findings. No
large prospective study has yet demonstrated an added diagnostic yield specific to DNBSEQ-platform germline cancer-
predisposition WGS relative to Illumina, and both platforms show comparable performance in head-to-head SV analysis [3].
Laboratories adopting DNBSEQ for this indication should validate SV calling (Manta, Delly, GRIDSS) on representative
reference samples and compare against MLPA as an orthogonal method.

Somatic tumour/normal WGS. Paired tumour WGS (30-60%) and normal-tissue WGS (~30x) is increasingly used in
oncology programs, enabling simultaneous detection of SNVs, indels, CNVs, SVs/fusions, mutational signatures, tumour
mutational burden, microsatellite instability, HLA typing, and HRD. Assaad, Hadi, Levine et al. (2025) identified HRD in 21%,
20%, 17%, 9%, and 2% of breast, pancreatobiliary, gynaecologic, prostate, and upper-gastrointestinal cancers, respectively;
24% of HRD cases were BRCA1/2 wild-type, with deleterious SVs in FANCC, FANCF, XRCC2, and RAD51B that may be
missed by panel assays [39]. Although the cohort used Illumina sequencing, the reported somatic concordance between
DNBSEQ-T7 and NovaSeq 6000 supports technical feasibility on MGI platforms [1] but not clinical validation. Under EU
IVDR, FDA, and NMPA frameworks, diagnostic performance applies to the specific combination of specimen, library
chemistry, instrument, software, and reporting pipeline; therefore, an HRD classifier validated on Illumina data must be
independently re-established on DNBSEQ. This requires analytical validation across relevant variant classes, specimen types
(including fresh-frozen and FFPE), and tumour-purity ranges, following the ACMG technical standard for clinical NGS [64]
and the AMP/CAP consensus recommendations for the validation of NGS-based oncology assays [65], with the bioinformatics
pipeline, including the HRD classifier itself, validated as a distinct component according to the AMP/CAP pipeline-validation
guideline [66]. In the United States, such an assay is regulated either as a laboratory-developed test under the FDA framework
in force [67] or, if marketed as an in vitro diagnostic, against the FDA guidance on analytical validation of NGS-based IVDs,
which although written for germline diagnostics, sets out the accuracy, precision, and limit-of-detection expectations that a
somatic HRD assay would also need to meet [68]; under the EU IVDR, Annex XIII requires a performance evaluation
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demonstrating scientific validity, analytical performance, and clinical performance for the specific device [69]. In every setting,
thresholds should be verified against an orthogonal HRD assay and where result guide treatment, supported by clinical
outcome or bridging data. The emerging MGI-SeqOne (somaHRD) and MGI-Agilent CE-IVD HRD programme for
DNBSEQ-G99 [40] provides a relevant platform-specific precedent, although it concerns a panel-based rather than WGS
assay.

Population genomics and pharmacogenomics. Population-scale programs benefit substantially from DNBSEQ-T7
throughput economies. The China Metabolic Analytics Project (ChinaMAP) sequenced 10,588 individuals at ~40x depth using
DNBSEQ-category instruments, generating reference allele frequencies for eight Chinese ethnic groups (Han, Zhuang, Hui,
Manchu, Miao, Yi, Tibetan, Mongolian) and identifying Mendelian, pharmacogenomic (CYP2C19, CYP3A5, NAT?2,
SLCO1B1, UGT1A1l) and complex-trait variants previously underrepresented in European-oriented databases [41]. A
subsequent ChinaMAP analysis extracted virome data identifying EBV, HBV and 12 other viruses from the WGS data of
10,585 individuals, a concrete illustration that WGS provides clinically relevant additional yield relative to targeted panels
[42]. For pharmacogenomics, standard 30x WGS already phases most CPIC tier-1 actionable variants in CYP genes; however,
CYP2D6 and HLA haplotype resolution remains incomplete with short reads alone and should be complemented with long-
read or other orthogonal methods [43].

Infectious disease and metagenomic NGS. Clinical mNGS of cerebrospinal fluid, respiratory specimens, and plasma has
demonstrated strong diagnostic performance. A 2022 systematic review and meta-analysis of 12 studies reported pooled
sensitivity of 77% (95% CI 70-82%) and specificity of 96% (95% CI 93-98%) for CNS infections, with individual studies
reporting sensitivity up to 92% in selected cohorts [44], [45]. Although most clinical evidence is based on Illumina platforms,
the BGI PMseq assay on DNBSEQ-T7 received NMPA emergency approval for SARS-CoV-2 and broader pathogen detection
during the COVID-19 pandemic, supporting clinical feasibility of DNBSEQ-based mNGS [7]. Reported limits of detection
range from 0.2-313 genome copies or CFU/mL, although performance is affected by hemolysis and high host nucleic-acid
backgrounds [44]. The DNBSEQ-G400 can support 24-48-hour clinical workflows, while the DNBSEQ-G99 offers
approximately 5-hour SE50/SE100 sequencing runs and vendor-recommended ~20 million reads per sample, potentially
enabling faster turnaround for urgent CSF and respiratory specimens [58].

3.6. Deep WGS (>60x-100%+): oncology and low-level variant detection

Tumour heterogeneity and subclonal architecture. Standard 30x WGS calls clonal variants at a variant allele frequency
(VAF) of ~10-20% well but is less reliable for subclonal variants below 5% VAF in heterogeneous, low-purity or aneuploid
tumours. Griffith et al. (2015) demonstrated, via ~312x WGS supplemented with ~433% exome capture on a primary-relapse—
normal acute myeloid leukaemia trio, that conventional 30-50% WGS is inadequate for tumours with even moderate
heterogeneity, purity or aneuploidy, and that deep sequencing provides clear improvement in variant discovery across a wide
VAF range while supporting a more convincing model of clonal architecture [46]. These findings are supported by the PCAWG
consortium’s analysis of 2,658 tumours, which revealed extensive intra-tumour heterogeneity and subclonal driver mutations
[47]. The DNBSEQ-T7’s economies of scale enable 100-200x tumour WGS at a relatively small incremental reagent cost over
30x (Section 3.2) which is a meaningful advantage for hematologic malignancies (AML, MDS, ALL, lymphoma) and low-
purity solid tumours.

ctDNA and liquid biopsy. Plasma cfDNA WGS at ~60—-100% depth can detect circulating tumour DNA using tumour-naive
or tumour-informed approaches. Ganesamoorthy et al. (2022) sequenced plasma cfDNA (~100x%), paired tumour (~60%), and
germline (~30x) from breast and benign-tumour cases, demonstrating broader detection of tumour-derived alterations than
low-coverage WGS or targeted methods in low-tumour-fraction samples [48]. Although performed on Illumina HiSeq X Ten,
concordance studies support the technical transferability of plasma WGS to DNBSEQ-T7 [1], [4]; however, this does not
replace platform-specific analytical and clinical validation. Any DNBSEQ-based ctDNA assay must establish its limit of
detection using contrived and clinical samples across the intended tumour-fraction range [65]. The DNB platform's absence of
on-array amplification and index hopping may reduce duplicate and mis-assigned reads relevant to ultra-low-VAF detection
[26], [63], but cfDNA workflows generally still require library PCR. Therefore, PCR-induced duplicates and sequencing errors
must be characterized during validation.

Minimal residual disease monitoring. ctDNA-based MRD detection with WGS is developing rapidly; the tumour-
informed approach tracks hundreds to thousands of patient-specific somatic mutations. Recent WGS methods including MRD-
EDGE, duplex-sequencing approaches and Labcorp’s ppmSeqg-based Plasma Detect Genome MRD have achieved a limit of
detection of ~10® to ~3 x 10 tumour fraction [19], [49], [50]. Early breast cancer cohort data presented in 2025 showed that
WGS-based ctDNA MRD improves detection at baseline and follow-up while extending lead time to clinical relapse compared
with panel-based approaches [51]. The DNBSEQ-T7 has begun to be used in clinical MRD pipelines, although most published
whole-genome MRD validation to date uses Illumina NovaSeq or Ultima ppmSeq chemistry.

Mosaicism, mitochondrial disease and repeat expansions. Deep WGS enables detection of low-level somatic mosaicism,
for example postzygotic PIK3CA, AKT1 and RAS variants in overgrowth syndromes and segmental disorders whose VAF can
fall below 5% and thus out of reach of standard 30x sequencing. In mitochondrial disease, quantifying mtDNA heteroplasmy
below 5% requires effective mtDNA coverage >500%, easily achieved as a by-product of 60—100x nuclear WGS; Feng et al.
confirmed that heteroplasmy quantification is equivalent between the DNBSEQ-T7 and NovaSeq 6000 in tissue, plasma and
urine [4]. For long pathogenic repeat expansions such as FMR1, C9orf72, DMPK and RFC1, deep short-read WGS retains real
limitations; such cases are increasingly handled with long-read sequencing or specialized tools (ExpansionHunter, STRique)
that benefit from greater depth but still require orthogonal validation.
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Table 3 - Coverage vs Application Matrix for DNBSEQ-Platform Clinical WGS
DOI: https://doi.org/10.60797/jbg.2026.33.9.3
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Note: symbol key: v v — well-established clinical use with peer-reviewed evidence on DNBSEQ; v'v"— clinical use with
strong evidence generated on other platforms (usually Illumina), with analytical concordance data suggesting transferability
to DNBSEQ); platform-specific local validation is still required before diagnostic reporting (Section 3.7); v~ — emerging
clinical use; — — generally not indicated

3.7. Cross-cutting considerations

Bioinformatics. DNBSEQ data can be analysed with standard alignment pipelines (BWA-MEM, BWA-MEM?2) and
common variant callers (GATK HaplotypeCaller, DeepVariant, Strelka, Mutect2). Platform-specific enhancements include
MegaBOLT, MGI’s FPGA-based accelerator providing a ~28% speed-up over GATK for 30% germline WGS (vendor-reported
1.5 hours per genome) and incorporating the MegaBOLT-DV deep-learning caller (99.9% SNV and 99% indel accuracy per
vendor data) [27]; Sentieon DNAscope with a DNBSEQ-G400-specific model, which Sentieon reports outperforms GATK
HaplotypeCaller for both SNV and indel calling on MGI data [27]; and the PanVariants pipeline used in the 2025 MGI cross-
platform benchmark with results comparable to DeepVariant on Illumina data [26]. For SV calling, a multi-tool ensemble
(consensus of Manta, Delly, GRIDSS and LUMPY) is preferred; Liu et al. showed high cross-platform consistency with this
approach [3]. Clinical laboratories must validate the complete pipeline — basecalling — alignment - variant call —
annotation — reporting — on MGI data using a platform-appropriate truth set.

Variant interpretation. Interpretation follows the 2015 ACMG/AMP guidelines and the ACMG/ClinGen framework
without distinction by sequencing platform. WGS-specific considerations include stratifying confidence intervals by region
(callable, low-mappability, segmental duplication, homopolymer), applying refinements from the ClinGen Sequence Variant
Interpretation Working Group, and using SpliceAl and similar tools for non-coding variants. For oncology, the 2017
AMP/ASCO/CAP somatic variant tier classification applies. Secondary and incidental findings should follow institutional lists
and ACMG SF v3.x. DNBSEQ-specific error profiles in difficult regions should be flagged within standard operating
procedures as a “do not report without orthogonal confirmation” zone, the same approach applied to Illumina data.

Regulatory landscape and accreditation. MGI's regulatory position has expanded substantially since 2018. The MGISEQ-
2000/2000 and MGISEQ-2000 obtained NMPA Class III registration in 2018, followed by DNBSEQ-T7 and the PMseq
metagenomics kit in 2020 [7], [54]. DNBSEQ-T7, DNBSEQ-G400, and DNBSEQ-G50 received CE-IVD marking in 2022,
while DNBSEQ-G99 obtained CE marking under IVDR and NMPA registration in 2023 [8], [59], [60]. No DNBSEQ
instrument currently has FDA 510(k) clearance or PMA; US clinical use therefore relies primarily on CLIA-validated
laboratory-developed tests, with Complete Genomics beginning US shipment of DNBSEQ-T7+ in February 2026 [55], [67]. In
contrast, [llumina NovaSeq 6000Dx and NextSeq 550Dx have both FDA clearance and CE-IVD marking, giving Illumina a
broader regulatory footprint. CAP, CLIA, and ISO 15189 accreditation are platform-agnostic but require platform-specific
validation of accuracy, precision, sensitivity, specificity, and reportable range, preferably using NIST/Genome in a Bottle
reference materials (HG001-HGOOQ7) or equivalent standards.

Analytical concordance versus clinical validation. Concordance with Illumina using GIAB reference materials should not
be interpreted as evidence that Illumina-validated clinical assays can be transferred directly to DNBSEQ. Under the EU IVDR,
FDA frameworks, and NMPA requirements, clinical performance is tied to the specific combination of instrument, reagents,
software, specimen, and assay; changing the sequencing platform therefore requires appropriate re-evaluation or validation
[67], [68], [69]. For US laboratory-developed tests, CLIA likewise requires laboratories to establish their own performance
specifications before clinical reporting. ACMG and AMP/CAP standards further require end-to-end validation covering
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specimen type, extraction, library preparation, sequencing, bioinformatics, and reporting, including accuracy, reproducibility,
variant-specific performance, and limits of detection, with revalidation after major platform or workflow changes [64], [65],
[66]. Thus, cross-platform concordance studies should be viewed as evidence of technical transferability and feasibility,
supporting investment in DNBSEQ-specific validation, rather than as substitutes for clinical validation. Similarly, CE marking
or NMPA registration of a DNBSEQ instrument confirms the regulatory status of the platform itself and does not establish
clinical validity for every WGS assay performed on it.

Ethical, legal and social issues. Population WGS raises well-documented issues: informed consent for incidental findings
and for adult-onset conditions in children; data sovereignty, particularly relevant to cross-border use of DNBSEQ data
generated in China given HGRAC export rules; equitable access; potential insurance discrimination; and genomic data privacy.
The BabySeq and GUARDIAN newborn genomic screening programs provide the most rigorous prospective ELSI data,
showing no measurable increase in parental anxiety from genomic newborn screening and a high acceptance rate [52], [53].
For DNBSEQ implementation in China, ChinaMAP and similar cohorts have generated population-specific reference data
important for variant interpretation in East Asian patients, which is a meaningful advance in equitable access compared with
European-oriented population resources [41].

3.8. Future directions

Three areas appear likely to determine the direction of MGI clinical WGS through the end of the decade. Long-read
integration: the MGI CycloneSEQ long-read platform paired with the DNBSEQ-T7+ enables hybrid short-plus-long-read
clinical assays detecting SVs, repeat expansions and methylation together with small variants from a single submission, with
such workflows beginning to emerge for undiagnosed rare disease and refractory oncology [56]. Multi-omics on a single
instrument: the DNBSEQ-T7+ explicitly supports DNA, methylation (WGMS), single-cell and Stereo-seq spatial
transcriptomics workflows on parallel flow cells, enabling integrated molecular profiling of tumours and tissues [14]. AI/ML-
supported bioinformatics: deep-learning variant callers trained with platform-specific error profiles. The Sentieon DNAscope
MGI model, DeepVariant retraining, MegaBOLT-DV reduce false positives, and as foundation models for genomic variant
calling mature, inter-platform accuracy gaps are likely to narrow further. Al-assisted phenotype-driven variant prioritization
(Exomiser, LIRICAL, AI-MARRVEL) is platform-agnostic and applies equally.

Limitation

This review relies on publicly available peer-reviewed publications, vendor specifications, and a number of clearly flagged
preprints. Some quantitative platform specifications (Q30/Q40 thresholds, daily throughput, and cost per genome) derive from
vendor reports; they represent nameplate maxima and reagent-only prices (Section 3.2) and will differ in real clinical
environments. The head-to-head Illumina vs MGI white paper published in 2024, along with the subsequent MGI counter-
benchmark, reflect ongoing commercial competition, did not apply a common analysis pipeline across platforms (Section 3.3),
and cannot be considered definitive without independent replication. Several preprints cited in this review (the Ultima
Genomics UG 100 clinical evaluation, KaryoSeq, the ChinaMAP virome paper) have not passed peer review, and their findings
should be treated with commensurate caution. Regulatory status also changes frequently; verification of the current listings
from the FDA, NMPA, MHRA, EU-IVDR, and equivalent bodies is needed before clinical implementation. Finally, the
literature search was restricted to English-language sources; Chinese-language clinical reports on DNBSEQ platforms, which
are likely to be numerous given the installed base, were not systematically searched, and the DNBSEQ-G99 evidence
summarized in Section 3.2 is at present entirely manufacturer-generated.

Conclusion

MGI’s DNBSEQ-T7 and DNBSEQ-G400 that backed by DNB and cPAS chemistry, the MegaBOLT bioinformatics
accelerator, and a continually expanding regulatory footprint (NMPA Class III, CE-IVD) are credible short-read WGS
instruments for clinical use across all three coverage-depth tiers examined here. The strongest evidence base exists for three
applications:

1) low-pass cfDNA NIPT, where BGISEQ-500/DNBSEQ-G400 workflows have been validated across a cumulative cohort
exceeding 200,000 pregnancies with >99% sensitivity for T21;

2) low-pass PGT for aneuploidy, monogenic disorders and structural rearrangements;

3) standard 30x rapid trio WGS for critically ill infants, with a diagnostic yield of 36.6-47.7% and turnaround of 3-7 days.

For deep WGS applications in oncology, tumour heterogeneity and ctDNA MRD DNBSEQ’s analytical equivalence with
Mlumina is supported by concordance studies, although most prospective clinical validation to date still uses Illumina
platforms. The benchtop DNBSEQ-G99 extends the family to hospital laboratories for low-pass, panel-based and metagenomic
work, but it is not a standard-depth WGS instrument and its clinical evidence base is currently vendor-generated.

Residual limitations were a slightly higher error rate in difficult regions, a still-thin FDA regulatory footprint, and a more
limited bioinformatics ecosystem in Western regions. This requires careful local validation against orthogonal truth sets and
ongoing comparison with other platforms. This is particularly important amid the emergence of the Illumina NovaSeq X and
Ultima Genomics UG 100, which are reshaping the high-throughput sequencing landscape. For clinical laboratories that
prioritize cost per genome and high-throughput scalability, particularly for NIPT, PGT and population programs, the
DNBSEQ-T7/G400 offers highly attractive value. For laboratories that prioritize regulatory-pathway simplicity in the United
States and the largest body of independent clinical validation, Illumina remains the primary choice. Going forward, the
approach will most likely be hybrid: DNBSEQ short-read for routine 30x WGS at scale, selectively complemented with long-
read sequencing for difficult variants and MRD-style ultra-deep assays for oncology surveillance.
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