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CORRESPONDENCE

Rapid Nanopore Sequencing—Based Screen
for Aneuploidy in Reproductive Care

TO THE EDITOR: Aneuploid pregnancies are a
major cause of pregnancy loss, fetal structural
anomalies, and developmental delays. Conse-
quently, the identification of genetic abnormali-
ties is an important component of prenatal and
fertility care.! Existing testing methods include
two main approaches: a rapid and targeted ap-
proach and a comprehensive and whole-genome
approach. Rapid and targeted techniques, which
include fluorescence in situ hybridization, multi-
plex ligation-dependent probe amplification, and
quantitative polymerase-chain-reaction assays,
test only a limited subset of chromosomes.?
Comprehensive techniques include G-banded
karyotyping, chromosomal microarray analysis,
and next-generation sequencing.’ Although the
comprehensive techniques assess the entire ge-
nome, they typically take days to weeks to com-
plete, require sending samples to high-complexity
centralized laboratories for testing, and are costly
to set up and perform, thereby limiting access to
testing.

To address these limitations, we developed
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and validated a new short-read-based approach
for library preparation, sequencing, and data
analysis that enables accurate, inexpensive, and
same-day genomewide aneuploidy detection with
the use of a palm-sized, nanopore-based DNA
sequencer®® (Fig. 1, and Figs. S1 through S5 and
Tables S1, S2, and S3 in the Supplementary Ap-
pendix, available with the full text of this letter
at NEJM.org). Sequencing times and costs range
from 10 minutes and $200 per sample for test-
ing a single sample to 2 hours and less than $50
per sample when 10 samples are multiplexed
and sequenced simultaneously. We termed this
method short-read transpore rapid karyotyping
(STORK).

Using STORK, we performed blinded testing
of 218 sequential, remnant, reproductive speci-
mens comprising products of conception after
spontaneous pregnancy loss (64 specimens),
chorionic villi after chorionic villus sampling (52
specimens), amniotic fluid from amniocentesis
(50 specimens), and trophectoderm biopsy spec-
imens from embryos undergoing preimplanta-
tion genetic testing for aneuploidy (PGT-A; 52
specimens). We compared the results obtained
with STORK with those obtained with the use of
standard clinical testing, which in this study
represented the reference standard (Table 1 and
Figs. SO, S7, and S8 and Tables S4 through S8).
For products of conception, chorionic villi, and
amniotic-fluid samples, STORK results repre-
sented the pregnancy karyotype with 100% ac-
curacy (95% confidence intervals [CIs], 94.3 to
100, 93.2 to 100, and 92.9 to 100, respectively),
and for PGT-A samples, STORK results were
98.1% concordant (95% CI, 89.7 to 100) with the
clinical diagnosis of the embryos (Table 1). For
10 specimens of products of conception, results
were discordant, but subsequent testing validat-
ed the results from STORK and the clinical di-
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Figure 1. Workflow of Nanopore Aneuploidy Testing with STORK.

Shown is a universal method for rapid aneuploidy screening of reproductive specimens with the use of short-read transpore rapid karyo-
typing (STORK). Tissues and cells from chorionic villus sampling (CVS), amniocentesis, and products of conception from spontaneous
pregnancy loss (miscarriage) were subjected to genomic DNA (gDNA) extraction. Trophectoderm biopsy specimens from embryos in an
in vitro fertilization (IVF) procedure also underwent a standard whole-genome amplification (WGA) step. The gDNA was subjected to a
nanopore short-read library preparation step for approximately 45 minutes and short-read nanopore sequencing for 10 minutes (1 sample)
to 2 hours (=12 samples). Sequencing data were collected and analyzed in real time, and results of aneuploidy testing on 24 chromosomes
were returned within the same day. In the dot plot, each dot represents the relative copy number as compared with a virtual normal
male reference (black dots indicate normal, and red dots indicate significantly different). A case with a STORK-predicted karyotype of
47,XX,+13 is shown. PGT-A denotes preimplantation genetic testing for aneuploidy.

agnosis was changed. To further validate the
reproducibility of STORK, the laboratory techni-
cians of a Clinical Laboratory Improvement
Amendments—certified laboratory were trained
in the use of the STORK assay. The technicians
then independently performed the STORK assay
on a separate set of 60 sequentially collected
samples (20 specimens of products of concep-
tion, 20 specimens of chorionic villi from chori-
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onic villus sampling, and 20 specimens of amni-
otic fluid from amniocentesis), and the results
were compared with those obtained with the use
of standard clinical testing. STORK results were
100% concordant (95% CI, 80.5 to 100) with
those of standard clinical testing (Table S9). A
full discussion of the results is provided in the
Supplementary Appendix.

This study of nanopore-based sequencing of
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Table 1. Performance Characteristics of the STORK Method on Reproductive Specimens.*

Results with

o short DNA fragments for aneuploidy testing of repro-
z o o o T 3 v ductive tissues supports the further investigation of
a4 . oy . .
o STORK to guide prenatal and fertility care. Limita-
v tions of the assay include the inability to detect bal-
[a] o o o o o (] . .
= = anced translocations and some copy-number variants
° and types of polyploidy. However, the reduced cost,
> . o .
= s & & & o|%t same-day turnaround time, ability to perform on-site
O o o o \ o S . . .
K: 87 87 81 ¢ %I = ° testing without transporting the sample to a refer-
o (Vo) o n Q. oy .
Z8 S Ta g © 5’ e | ence laboratory, ability to test for aneuploidy across
- - = = T|= all chromosomes, and elimination of the need for
o .« . .
S living tissue are key advantages of STORK that would
- 5 &5 5 &5 =& |=& be directly relevant to the vast majority of clinical
>V oF o~ o° oo oo | < cases (see the Discussion section in the Supplemen-
o R S oL ol o S .0 N X
& i T 7Y T TS T4 | ' tary Appendix). Such benefits could reduce health
-~ o] a2 o0 o0 (<)) . .
2 e B T § care barriers and costs and thus lead to improved
§ L.; access to reproductive care.
Q ©n .
P s 5 & 5§ 8¢ Shan Wei, Ph.D.“
‘}:_ﬁz 8SI 8S| g7 87 87 3 Alexandre Djandji, M.S.
® in i e = A I Miriam T. Lattin, B.A.
o9 > & & & & |V
v = = = = =]9 Odelia Nahum, M.Sc.
) Nataly Hoffman, M.S.
. s Claudia Cujar, M.D.
2= & & & & 5|0 Lumbia University i dical
>0 >SS Pl Sl <& 2 Columbia University Irving Medical Center
@3\: S g_I! g,\[ ;5_ guH % New York, NY
a < ~ — [ .
g € & 8 & o |37 ¢ Refik Kayali, Ph.D.
s Igenomix Los Angeles
§o b Torrance, CA
- =~ =~ = = |2 o9 NP
9% S 8 8 8 8| = Cengiz Cinnioglu, Ph.D.
3 Sd Sd 34 2l 24 |z 3 NextGen Genetics
&J a e S S a = 5 = Santa Clara, CA
- R = = = = oY)
S = Ronald Wapner, M.D.
> T )
£ g Mary D'Alton, M.D.
= © © ’
> -
S E g 4 Brynn Levy, M.Sc.(Med.), Ph.D.
n S b = ™
g E S S S g 2 Zev Williams, M.D., Ph.D.
o ] ©
] £ ‘i £ z Columbia University Irving Medical Center
< Z 58 . New York, NY
-3 g g zw2421@cumc.columbia.edu
L B =
T w ® _Eé ié Drs. Levy and Williams contributed equally to this letter.
_§ £ S« o i ~ - =g S Supported by grants from the National Institutes of Health
£9 2w 0+ v o g = o3 (HD068546, U19CA179564, and HD100013, to Dr. Williams), the Bio-
ahr o %“ 3 medical Engineering Technology Accelerator (BioMedX) at Columbia
TT 8 University, and the Wendy and John Havens Innovation Fund.
- s 'E o0 Disclosure forms provided by the authors are available with the full
=] © bp O = :
E = text of this letter at NEJM.org.
s x x93
ox o~ o <~ ~ ) a >
"—2 9 e ¥ 0 e n N e z g = 1. Nagaoka SI, Hassold TJ, Hunt PA. Human aneuploidy: mecha-
o0 s oo 4 nisms and new insights into an age-old problem. Nat Rev Genet 2012;
& e L5 13:493-504.
i
I= g_% _§ 2. Vermeesch JR, Voet T, Devriendt K. Prenatal and pre-implantation
%_ ° ~ - < ~ © g I\ i v genetic diagnosis. Nat Rev Genet 2016;17:643-56.
g ‘% 1 L © = S gE e 3. Loman NJ, Watson M. Successful test launch for nanopore se-
v 2o g - quencing. Nat Methods 2015;12:303-4.
5SS o £ 4. Madjunkova S, Sundaravadanam Y, Antes R, et al. Detection of
: = _é iﬂ"_ structural rearrangements in embryos. N Engl ] Med 2020;382:2472-4.
° g 25 E % -?g % € 5. Wei S, Williams Z. Rapid short-read sequencing and aneuploidy
4 o= 95 K] _ SEw a detection using MinION nanopore technology. Genetics 2016;202:37-
£ )] 5 > (== ey © - £ U g
e & < € o w 2 —24&c 44.
G e O < & F ¥ (SR N6
DA DOI: 10.1056/NEJMc2201810

N ENGL ) MED 387;7 NEJM.ORG AUGUST 18, 2022

The New England Journal of Medicine
Downloaded from nejm.org at UNIV OF NC/ACQ SRVCS on August 24, 2022. For personal use only. No other uses without permission.
Copyright © 2022 Massachusetts Medical Society. All rights reserved.



