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The laboratory community continues to work on the implementation of high-throughput sequencing (HTS) for use in
analyzing T-cell clonality at the level of T-cell receptor g
gene (TRG) rearrangements, and the latest installment is the
validation study reported in this issue of The Journal of
Molecular Diagnostics.1 To the best of our knowledge, the
ﬁrst clinical-validation study on TRG-based clonality by
HTS, was published in 2014 by Schumacher et al.2 They
compared an HTS assay with conventional capillary electrophoresis.2 A commentary by one of the authors at that time
listed issues that should be included in future validations of
HTS assays for clonality3: proportional representation by
primers of all of the clinically important TRG genes, equal
ampliﬁcation efﬁciency of the primers, using a software
pipeline that accurately identiﬁes the TRG variable and
joining genes, and deﬁning the criteria for a clonal result.3

HTS for TRG: Then and Now
In 2014, Schumacher et al used published TRG primers,4
added adaptors, and performed sequencing on two instruments, the Ion PGM System (Thermo Fisher Scientiﬁc,
Waltham, MA) and the Illumina MiSeq instrument (Illumina,
San Diego, CA).2 By contrast, Ho et al1 used a proprietary
LymphoTrack kit of TRG primers (Invivoscribe, San Diego,
CA) and performed HTS sequencing using the MiSeq instrument. Schumacher et al used primers with established
coverage of all clinically relevant TRG genes4 in their HTS
analysis of 48 samples, and compared them to capillary
electrophoresis (CE) using the same primer set.2 By contrast,
Ho et al1 used a set of BIOMED primers for the CE that did
not include the JgP primer, which is different from the HTS
LymphoTrack kit method (Invivoscribe, San Diego, CA) that

contains a complete set of primers including JgP. This issue
was identiﬁed in a commentary in 2014,3 which stated that all
relevant primers should be used in TRG HTS analysis so that
comparisons for validation can be performed head to head.
The need for a complete primer set, including JgP, to avoid
false-negative results in a TRG clonality assay has been
previously established.5

Compliance with General Bioinformatic
Recommendations
Ho et al1 studied 101 specimens, which exceeded the minimum of 59 specimens recommended in the guideline on
HTS bioinformatics from the Association for Molecular
Pathology.6 By contrast, Schumacher et al2 studied only 48
clinical specimens. From a biology perspective, an analysis
of at least 50 specimens is required for the detection of at
least one of the rare TRG rearrangements utilizing the JgP
gene, which has a frequency rate of 3%, and the Vg11 gene,
which has a frequency rate of 4%.5 The Association for
Molecular Pathology and the College of American Pathologists recommend that clinical laboratories validate their
bioinformatics pipeline for HTS.7 It is challenging to use a
second pipeline to independently validate the use of customdesigned software, like the TCRDriver package,2 or
proprietary software, like the LymphoTrack system,1 to
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verify the accuracy of variable and joining region gene
identiﬁcation.

Ig/T-cell receptor HTS assays through combined HTS runs.
New instruments, which have a more ﬂexible workﬂow than
prior incantations, may facilitate this transition.

TRG Testing with HTS versus CE
As shown by Ho et al,1 HTS has numerous advantages over
CE. These include the requirement of lesser amounts of
DNA, a lower frequency of false positives, and increased
objectivity. Ho et al1 also found that peaks of identical
sizeddeﬁned as an equal number of base pairs in the
ampliﬁed products, as detected using CEddo not always
imply clonal identity at the sequence level, as was previously reported.8
One other important concept in the article by Ho et al1 is
that some of the discordant results between the CE- and
HTS-based approaches appeared to be the result of falsepositive ﬁndings on CE due to a lack of background
competition using the two-tube CE system. In a two-tube
CE assay, the competitive ampliﬁcation of the primers is
spread out in multiple distributions, whereas in the one-tube
assay, all of the primers compete against each other for
ampliﬁcation.9 This interpretation was (partly) corroborated
by the lack of clonal peaks in a one-tube CE assay in some
samples tested by Ho et al.1 The ﬁndings from a two-tube
CE assay are also more difﬁcult to interpret than those
from a one-tube CE assay. A one-tube CE assay precludes
the need for an evaluation of isolated ﬂuorescence signals in
more than one distribution, as is the case in the two-tube
TRG CE assay. These observations reinforce the need to
move away from multitube CE systems for one target as
recommended by Cushman-Vokoun et al 9 and as recently
discussed by Armand et al.10
The one-tube system is also the preferred design for a
TRG HTS assay, ﬁrst described by Schumacher et al.2 In a
single-tube HTS system, only a single calculation is
required for deﬁning a clonal result. Whether the clonal read
percentage (minimum 4.5%) should be four-fold higher than
the polyclonal background2 or the clonal read percentage
(minimum 2.5%) should be ﬁve-fold higher than the fourth
most abundant clonotype as appropriate criteria for clonality
remains to be determined.1

Incorporation of TRG Testing by HTS in Clinical
Laboratories
The progress in adoption has been slow for a number of
reasons, including the relatively long turnaround time of 3
to 7 days for sequencing and analysis and the increased cost
of HTS compared to CE. Therefore, most laboratories
continue to use CE. However, as shorter run times are
enabled and as costs come down, HTS will become more
competitive with CE, leading to the continued growth of
HTS. Additionally, HTS is becoming the central workﬂow
for multiple molecular assays such as somatic variant
detection, which results in a more natural transition to
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Other Developments in the Past Decade
For analysis of both TRG and TRB by HTS, several companies and collaborative groups have developed kits and
methods applicable to DNA and/or RNA. Some amplicons
are short enough to be sequenced in parafﬁn-embedded
tissue, like in the methods used in both studies.1,2 Comparisons between these relatively new kits and methods
should provide useful data for assessment by the laboratory
community.

Current and Future Needs of the Laboratory
Community
Molecular genetic pathology laboratories would beneﬁt
from guidelines on the validation of both IG and T-cell
receptor HTS clonality assays in a scientiﬁcally and
economically sound framework. CE, while still quite clinically useful, has limitations in being the gold standard for
comparison. Some questions remain to be resolved. Examples include: i) Is a single HTS TRG assay adequate, or
should the HTS assay be performed in duplicate, as many
laboratories do now with CE, to obtain reproducible results?; ii) What percent of a unique TRG sequence read
should deﬁne a clonal result?; and iii) What is the role of a
TRB HTS assay in resolving ambiguous TRG HTS results?
Recognizing this need, The Association for Molecular Pathology has established a NGS Utility for Assessment of T/
B-cell Clonality working group, chaired by Dr. David
Viswanatha, to address these issues. In parallel, analogous
to published guidelines on CE,11 the EuroClonality-NGS
working group chaired by one of the authors (Dr. A.W.
Langerak) is also developing guidelines on Ig/T-cell receptor HTS testing, which will be based on data from
multicenter studies, such as the Ig biological validation
study (Van den Brand, unpublished data). The Journal of
Molecular Diagnostics readership is encouraged to look out
for these upcoming important documents.
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