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Summary Results
In the 51 samples cohort two samples were confirmed wild type. Six : - : _ _

. : : s : , ) , Table 1. Summary of Samples with variants only in the alpha (N=16) or beta (N=18)
WerlEt elsteaion Wit 1 elpne and beits glebin gens elusiErs samples in the cohort contained orthogonally confirmed HBA7/2 cluster. Six unique alpha cluster SVs were correctly identified in the sample cohort.
associated W,'th hemoglobinopathies currently requires a multi- pathogenic SNVs, and 26 samples had known SVs in the alpha cluster. 25 Three HET 3.7del SVs were hemizygous or heterozygous with a compound
platform testing cascade. samples were found with confirmed SNVs in A#BB5, and an additional 11 SNV/INDEL. Nine unique beta cluster SVs were correctly identified. Five were

. Long-range PCR combined with long-read sequencing offers a samples were confirmed with SVs in the beta hemoglobin cluster. All differentiated by extent name. Other deletions were detected and zygosity
unified workflow capable of replacing the cascade testing while results were concordant with various orthogonal methods. determined, but extent was approximate. Three samples contained a compound SV &

hemizygous pathogenic SNV/INDEL variant in #BB. Samples and SVs in bold are

delivering improved performance comparable to gold-standard featured in Figure 3 (Alpha) or Figure 4 (Beta).
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HET HS-40 DEL a3.7/a3.7 HBA SNV
- The targeted enrichment panel included key globin genes, deletion 301 00/00 30- Alpha SV INDEL BetaSV  ABBSNV INDEL
§ent|pgls, regulatory and modlfler regions. The prot.otype. correctly s s aa/oo S05 HETHPEH-1  HEM c.20A>T
identified and phased multiple classes of pathogenic variants across g g SO1 (HET
51 clinical residual samples extracted from whole blood with 100% 5201 5 20" HS-40 DEL) 09 HOMc.20A>T
orthogonal concordance. 21 21 s04 HET HBAT S11  HET Lepore HEM c.-138C>T
g g c.237del 12 = 2
. 1.0 1.0 08 FIL /oo HOM c.27dup
S10 a3.7/aa
00 ¢.207C>G S20  HET HPFH-2 HEM c.-138C>T

Molecular diagnosis of hemoglobinopathy often requires cascaded

C.S21

testing across multiple platforms to detect different classes of variants, 5 TSEA 1037 51022 1537 S13 o4.2/ad 05 HET Sicilian
which increases turnaround time and laboratory burden. We describe a Lo ' L ' 15 SEA/0q cliie
prototype that detects >95% of all variants associated with thalassemia, | / 328 HET c.17.18del
including 24 named structural variants (SVs). 527 _ 25 S16 SEA/aa
J ( ) 5 5 S30 HOM c.79G>A
Single-tube, multiplex PCR enrichment utilizes primer pairs designed for 520 5 20 318 HET HBAZ
AP . . : : £ £ c142G>C S32 HET c.-79A>G
robust amplification of long and challenging genomic regions. Enrichment 215 2 15 HET 4BA2
targets include single-amplicon coverage of functional globin genes, key 3 N 5 S27 cA2TT>C S34 HET c.92+6T>C
regulatory elements, phenotype modifiers, and deletion sentinels across | ] HEM A4BA2 536 HETc.20A>T,
the alpha and beta hemoglobin clusters. 03 0 S29  a3.7/aa c 427T>C HET c.19G>A
Long amplicon designs coupled with long-read sequencing readouts 0.0 0.0 S41 FIL/aa S38 HET c.118C>T
allow for powerful discrimination between paralogs, hybrids, and allele 35 5572/2(0( 549 FIL o 539 HET c118C>T
groups to generate comprehensive genotype results. Automated analysis Lo . S48 BT AL HEM c.92+1G>T
tools and manual data review were used to comprehensively classify S43 FIL/ao ¢
thalassemia-associated variations in a single workflow. 527 520 S49 HET DEL
5 5 S44 FIL/aa
g g 20 S50 HET DEL
Wild-type alleles Alpha recombination2 / 1 %21.5 %1_5- S45 FlL/O(O( 51 HET DEL
ns-40 az2/a S g S55 04.2 /a3.7
chr16 3.7del 1.0 1.0 HET
— [ — L — [ 52 anti-Lepore
[ | I N 0.5 0.5 A
chr1 LCR N a2 /ol _|HEM HBAZc.427T>C
B _u _m _m _n N B 02 | O T ZggNsgiogioonIngne LfedmfSioscoNnmsvgcrs Table 2. Summary of Samples with Complex Variants across Alpha and Beta
- 222,33232322222222 eLe,2825258888222¢8 clusters (N=14). Samples harboring variants in both hemoglobin clusters
SNV/INDEL Phasing Beta recombination tt:53c6828858585888¢8¢8 ctcfts5s55858sssssszs demonstrate the utility of the streamlined single-tube assay summary data outputs.
540 8/6 Amplicon Targets Amplicon Targets Samples and SVs in bold are featured as plots in Figure 3 (Alpha) or Figure 4 (Beta).
chr16 Lepore
ESNVS . m . m Figure 3. Copy Number Signal in the Alpha Hemoglobin Cluster from 6 NI ERSYY HBA SNV Beta SV HBB SNV INDEL
" INDELs . LCR B/6 Representative Samples in the Cohort. Each blue dot represents a copy number INDEL
chri1 . n m m E —— anti-Lepore n II n signal determined per target, confirmed CNVosig.naIs are highlighted in tgal, and 302 03.7/00 HET c.-138C>T
compound SVs are shown in teal and grey to indicate overlap. Pathogenic small
variants are noted with a pink star in the amplicon where detected. A. HET HS- _
SV Detection HDF Modifiers 40 regulatory deletion (aa/aa); B. HOM 3.7del, SV involving HBZ to be confirmed: >03 SR HET HPFH-2
- || | C. SEA/3.7del; D. 4.2del/3.7del; E. HET aa/3.7del, HEM c.427T>C; F. HET FIL/aa. S07 03.7/0 HOMe 20AST
| | | I | | Ex03 EngG1A Ex0?2 | L I LB : :
- e —— T : HET c.316-2A>G,
I T I Ii I . A.S03 . B.S05 S14  aoa anti-3.7/oca
chr11 LcR g 69232 e =~ — HET HPFH-2 “|HET HPFH-1
—— il — g g — 30 20 S17 a3.7/03.7 HETC.20A>T,
- I I IAHSP. HET c.19G>A
— - 52 s S21 SEA/03.7 HET ¢.79G>A
- **not to scale, for illustration purposes only Li 2.0 - Ui'; 20
£ 2 S23 03.7/0al HET Sicilian
Figure 1. Prototype Assay Design Targets. Coverage of key regulatory regions =7 §1-5-
including HS-40 and LCR-HS1 through LCR-HSS5 allow for resolution of rare non- S . 3| 504 ey HET c.19G>A,
deletion thalassemia types. Long amplicon designs provide paralog HET c.-138C>T
discriminatio.n and gene hybrid dgtection in .gene—quion—l‘ike recqmbination 051 05 326 04.2/a3.7 HET c.*233G>C
events. Sentinel amplicons targeting strategic locations differentiate common SV ol . HEM ABBC.20A>T 1
signatures in the alpha and beta hemoglobin clusters. Additional coverage of C.S23 "Ds49 533 a3.7/aa HET ¢.315+1G>A,
potential phenotype modifying variants found in KLF7, AHSP, and various SNVs **THET Sicilian > THET DEL (Spanish 6B°) ' HET c.92+5G>C
found in BCL77Aintron 2 and the intergenic region between HBS7L and MYRB 3.0 3.0 HEM HBAZ
provide additional insight into phenotype severity. Content boxed in green >3/ dsslee c.95+2_95+6del AlSY GISAERE
highlights improvements to content and capabilities compared to AmplideX 5] 5]
Nanopore Carrier Plus Kit C. 3 50 fz_o_ 540 03.7/03.7 HOM ¢.19G>A
215 215 S54 a4.2/ao frabradk
Methods
.51 0.5 A
Genomic DNA from 51 residual clinical samples were amplified using - WOrkﬂOW
Amplide>.(® PC.R chemistry, folloyved by barcpding, pooling, and library o0 csso o0 c'gsq T AmplideX® One Reporter
preparation with the ONT Ligation Sequencing Kit (SQK-LSK114). **THET DEL (cy0B)° **THET DEL (ey6p)° Analysis Software

Sequencing was performed on R10.4.1 MinlON flow cells using a
GridlION® platform. Custom-built software was developed to automate
sequencing setup/execution, monitor performance metrics, perform
secondary analysis, and generate genotype reports.

: A

AR ORRRRS

kS

>

Regions-of-interest (ROI) were enriched in a single-tube multiplex.
Sequenced reads within each ROl were grouped based on sequence

Pooled library Library prep Automated analysis and reporting tools
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identity, variants are identified and phased, and group depth was used biotechne diagnostics {)NANOPORE biotechne diagnostics
to increase copy number signal confidence. MLPA, Sanger or targeted o ”°
sequencing, and GAP-PCR were used as comparator methods. 00— TP EREaa
SN H. S5 . . . . :
*>THET Lepore **THET Anti-Lepore Figure 5. AmplideX Nanopore Carrier Plus Kit Panel Design and Workflow.

Carrier Plus kits utilize a harmonized workflow and can be run individually or pooled
and sequenced together to cover additional content in a single run.

Conclusions
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The prototype assay accurately genotyped a range of
orthogonally confirmed variants of multiple classes found in the o

HET Filipino beta-0
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2 0.5+ 051 and B-globin clusters using residual genomic DNA from clinical
1 ol EMFABEC 13S0y 3 S samples.
SS388908 3B 5 00ERR BT 222838288337 0025 000088447 :
285558555851 588 52222588 2222222228855 225 752222222 « 42 SV alleles in 36 samples were successfully detected and
WT /WT SEEEEEEE888 5552885338888 ;;;;;;;;;;;“;;mmm;;;;;;; phased. Specific deletion SVs were attributed in 37/42 variants,
2 O0—~0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0 Amplicon Targets Amplicon Targets whereas only approximate extant patterns in the five remaining

SVs were described.
« 36 pathogenic SNV/INDELs were resolved in 30 samples,

Figure 4. Copy Number Signal in the Beta Hemoglobin Cluster from 8

Talalslalaldalalalala 6 o W LR8I 8 e Representative Samples in the Cohort. Each blue dot represents a copy number agreement 100% including HBA7/2 (6) and HBB (25) both (1)
2882888282 ¢Cz s % % = s % % § €I§ % % g % c s s sigljal determingd per t.arget. CNV signalochanges cpnsistent withas.pecific.: SV . These findings indicate that a single-tube long-read sequencing
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A O A I I I I I A A A A A Vfr'a.nttire h'ghl!'ghtedh'” b'geipatthdogl_e”'c Smsa\'/' ga”ai?ts.a;e ”Otedt‘f‘”thtadp'mf workflow for hemoglobinopathies can detect pathogenic variation
Sddddddddddd®Tdagoandges g eddd >tar In the amplicon Where detected. Lepore sV bieakpoints are esimated Using across hemoglobin genes, key regulatory elements, phenotype
paralogous sequence variants (PSVs). A. HET HPFH-2; B. HET HPFH-1, HEM difi d red th df licated ti-platf
, , , o c.20A>T: C. HET Sicilian (13.4 kb):; D. HET DEL (Spanish 68°): E. HET DEL (cy&)°: @eliEe, el Meellies wnie e el Boim ghiseltstel e =gl ielin
Figure 2. Idealized Copy Number Signal Output. Copy number signal is F. HET DEL (ey8B)% G. HET Lepore, HEM c.-138C>T: H. HET Anti-Lepore testing cascades.

generated across an array of 27 sentinel amplicons in the beta cluster to
determine the extent and zygosity in a region spanning >300 kb proximal to the
cluster. The deletion or duplication of sentinel amplicons is characteristic for

duplication. Lepore HBB/HBD chimeric alleles are enriched; plotted as a CNV loss
at HBD and contributes to normal CNV at HBB, with duplications being the
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- WT sample without copy number variant (CNV) changes. Select SVs in the
design generate GAP-PCR like amplicons, allowing for breakpoints to be observed
directly. A similar array of 18 sentinel amplicons is utilized for the alpha cluster.

This product is under development; performance characteristics and final product features to be determined.
The prototype assay is not authorized as an IVD medical device in any region
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