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(1) Long molecules of DNA are labeled with Bionano reagents by (2) of at a specific motif throughout the genome. (3) The labeled genomic DNA. is then
linearized in the Saphyr Chip using NanoChannel arrays (4) Single molecules are imaged by Saphyr and then digitized. (5) are uniquely by distinct of

motif labels (6) and then assembled by pairwise alignment into de novo genome maps.

Abstract Background

Bionano Genome mapping is quickly becoming established as a key method for detection of intractable types of Generating high-quality finished genomes replete with

structural variation. Currently, genomes from many different disease states, some of which do not have a ccurate identification of structural variation and high
molecular diagnosis and others which are very difficult to diagnose are being studied. For example FSHD1, is completion (mlnlma] gaps) remains challenging using
caused by a repeat collapse of a tandem repeat array with unit sizes of 3.4 kilobases each. This repeat array is short read sequencing technologies alone. The
generally only be measured by southern blot, a labor intensive and low resolution approach. Another disease Saphyr™ sVs‘e'_n P'°Y'de§d'feﬁ wsuahzatl_on of long
type that is difficult to diagnose is triplet expansion diseases such as Fragile X syndrome and Myotonic Dystrophy, DNA molecules in their native state, bypassing the
these repeat arrays can expand to many kilob Microdel 1s and microduplications, which cause diseases st_atlstlcal Infergnc_e need?d to_al'_g” p_alred-end reads
such as DiGeorge syndrome and other disease syndromes, are detectible by microarrays as well as WGS but they With an uncertaininsert size distribution. These long
are caused by rearrangements between large segmental duplications that flank the region in question and the |abe|§d molecules are de novo ?Sse_f“b'?d into
segmental duplications are extremely hard to study with conventional tools. Genome mapping can accurately physical maps spanning the entire diploid genome.

assemble and assay relevant regions for each of these disease classes, even those involving very large segmental The re_sulting provides thg ab_"ity to correctly position
duplications. Bionano has built bioinformatics tools to effectively prioritize the ~6000 structural variants based on and orient sequence contigs into chromosome-scale
the estimated frequency in a control population, whether it’s inherited or de novo, whether it's somatic and also scaffolds and detecta Iargg range (_’f h°m°ZY9°US and
its proximity to a gene. We provide several examples of pathogenic variants found through Bionano genome he?e.mzygous structural variation with very high
mapping. efficiency.

Detection of structural variation by de novo genome map
construction and comparison.

GAIN/LOSS COPY NUMBER CHANGE BALANCED
Deletion Repeat array expansion Translocation

Insertion Tandem Duplication Inversion

Reference maps (green map bars) are created by processing the human reference sequence (hg19 or hg38) to find and mark all locations of
the sequence motif (vertical lines on the green bars) which is recognized by the Bionano optical mapping enzyme (e.g. DLE-1, Nt.BspQl,
Nb.BssSlI), which occurs every 5 kbp on average. Genome maps (blue bars) are produced from images of labeled DNA molecules >150 kbp.

Insertions and deletions >500 bps are detected by differences in the length of a segment compared to the reference. Tandem repeat
expansions can be marked by a labeling enzyme in each unit, when not marked in each unit, a repeat expansion will be called as an insertion
and the repeat number could be inferred. Tandem duplication can be direct or inverted, shown is a direct tandem duplication which can be
seen by the observation of the same pattern mapping the same reference segment two times in the same orientation. Translocations are
seen in maps that map to two different chromosomes and inversion are a balanced event where a map pattern is in a different orientation
with respect to the reference.
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(1) Long molecules of DNA are labeled with Bionano reagents by (2) incorporation of at a specific motif throughout the genome. (3) The labeled genomic DNAI: then
linearized in the Saphyr Chip using NanoChannel arrays (4) Single molecules are imaged by Saphyr and then digitized. (5) are uniquely by distinct
miotif labels (6) and then assembled by pairwise alignment into de novo genome maps.

Variant Annotation Pipeline for . . .
annotation and prioritization Somatic SV in Non-Hodgkins Lymphoma

= T, T-lymphocytes (germline):
eference
> P Germline mutation: 132 Kbp deletion
# T‘W
{& Reference chr10 |

N
S a ah d  w

D 0 ) ol o i

i | |10 VL0 R I T T ]

Whole Germlinechr10 1 ! | LT DT A
genome
SV call

S:ta Non-Hodgkins Lymphoma cells:
Germline ion: 132 Kbp deleti Gain ti 1: 3.1 Mbp inversion
I
I L IR ol D A G R AT o
S Bl Reference chr10 I {1y ) 1} i o ndu b ook o Ao o o o o

Compare to Bionano human

Lymphomachr10 1l IllIIIIII L llIlHIIIIIllIHIl IIIII]I‘IIIII |IIIIIIDIIIIIIIIII 1]

e e | FLRC ) Y o T
common SV database (to identify o i T meri|
somatic SVs) H PTEN Ly A iy
sl ts

Gene annotation Whole genome structural variants are annotated according to the flowchart on

the left. By using a control database to estimate the allele frequency in a
normal/healthy population, retesting for accuracy by genotyping, and
annotating SVs that overlap with genes. This information can be used to
quickly prioritize for clinically relevant variants and other potentially relevant
variants. On the right, the variant annotation pipeline was used to prioritize
variants by their absence from the control database, overlapping genes. In
inversion was detected that breaks the PTEN oncogene.

Reported SV call
set

Structure of the reoccurring microdeletion syndrome region 3929 reveailed
multiple inversions related to segmental blocks.

v 1 | I 1N NMOA O HONT T CE 000Gt ORETATOT RO

o N —
C

UCSC SDs .|u J.| 7 N

Hmminum Hmuﬂ i i \*\nﬂlrmlﬁi\ \ﬁ*ulmuhi

Ref (hg19)| |

Atete 2 | IS (LR

Despite the importance of microdeletions/duplications to disease, very little is known about the flanking segmental duplications that are thought to
influence the genomic changes leading to deletion and duplications. Using optical genome mapping we can resolve the structures in patients and
other family members. We found multiple inversions in patients and controls apparently mediated by segmental duplications (SDs).
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(1) Long molecules of DNA are labeled with Bionano reagents by (2) incorporation of at a specific motif throughout the genome. (3) The labeled genomic DNAI: then
linearized in the Saphyr Chip using NanoChannel arrays (4) Single molecules are imaged by Saphyr and then digitized. (5) are uniquely by distinct

motif labels (6) and then assembled by pairwise alignment into de novo genome maps.

Facioscapulohumeral (FSHD) muscular dystrophy — extremely long
tandem repeat array measurement.

Allele

| 58 copies = 207 kbp
FRG1 DUX4

hg 19
chrd

Allele 2 6 copies =36 kbp

Bionano genome mapping identified copy number difference of the D4Z4 macrosatellite repeat at the subtelomeric region of 4q in an
individual with Facioscapulohumeral muscular dystrophy (FSHD). FSHD is associated with expression abnormality of the DUX4 gene in
muscle cells; this gene is located in the D4Z4 repeat locus. The majority of people with FSHD have less than 10 copies of D4Z4. The
shortening of the repeats is believed to be linked to the inappropriate expression of the DUX4 gene. Here, this affected sample carries one
allele with a normal copy number (58 copies) and one with a deleterious copy number (6 copies).

Repeat expansion disorders: single molecule measurement of DMPK
gene expansion in a Myotonic Dystrophy case

Normal repeat
~150 bp

Expanded repeat

Number of molecules
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Measurement of DMPK tandem repeat array varies from normal cases of 15-150 bp consisting of a triplet CTG repeat. The array can become
unstable and can expand to 1000’s of basepairs. In order to provide a molecular diagnosis for Myotonic Distrophy, an expanded repeat array
must be measured. NGS sequencing is unable to measure these repeat arrays when extended beyond a critical length. Bionano was used to
measure the lenth of a normal repeat of 150 bp (which is within an map interval of 19kbp) and also measure an extended repeat array with
varying lenthts between 8 and 20 kbps.
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(1) Long molecules of DNA are labeled with Bionano reagents by (2) incorporation of
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at a specific motif throughout the genome. (3) The labeled genomic DNA
linearized in the Saphyr Chip using NanoChannel arrays (4) Single molecules are imaged by Saphyr and then digitized. (5] are uniquely

motif labels (6) and then assembled by pairwise alignment into de novo genome maps.
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Contact: ahastie@bionanogenomics.com

www.bionanogenomics.com
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