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Methods

(1) Long molecules of DNA are labeled with Bionano reagents by (2) incorporation of fluorophores at a specific sequence 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) Molecules are uniquely identifiable by distinct distribution of sequence 
motif labels (6) and then assembled by pairwise alignment into de novo genome maps.

Abstract Background

Conclusions 
Bionano optical mapping is able to detect essentially all classes of structural variation currently assayed for by a 
combination of fluorescence in situ hybridization (FISH), chromosomal micro array (CMA), and karyotyping, but 
with a single platform leveraging automated data collection and bioinformatics. Bionano optical mapping also 
achieves higher sensitivity for small variants and accurate breakpoint mapping such that breakpoints can be 
localized within specific genes. Taken together, Bionano genome imaging system is able to detect important 
cytogenetic abnormalities, stand-alone, and also provide complementarity to NGS for comprehensive genome 
analysis. 
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Whole genome structural variation analysis has been intractable by 
DNA sequencing and extremely low resolution by cytogenetic 
methods. The Saphyr™ system provides direct visualization of ultra 
long DNA molecules in their native state, which accurately represent 
the structure of the genome. Consensus assemblies are used to 
accurately call structural variation between samples and the human 
reference genome on a genome wide scale at resolution 10,000x 
higher than chromosomal banding from karyotype analysis. 
Leveraging the high throughput of the Saphyr system, variants are 
also detected in heterogeneous cancer tissues with as low as 1% 
allele fraction in a sample allowing analysis of very complex and 
heterogeneous samples. 
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Bionano approach for chromosomal abnormality detection

• 10,000x higher resolution compared to karyotyping -
both approaches use banding patterns to identify 
abnormalities. 

• Genome-wide
• Finds balanced and unbalanced abnormalities
• Automated data collection and bioinformatics  

The current standard of care for molecular diagnosis of many 
constitutional syndromic disorders and reproductive disorders is often 
chromosomal karyotype analysis, fluorescence in situ hybridization 
(FISH), and chromosomal microarray (CMA). Each of these 
methodologies has shortcomings that whole genome optical mapping 
(Bionano Genomics) is able to alleviate. Here we demonstrate the 
ability of Bionano optical mapping to detect balanced translocations in 
five samples, all of them corresponding to translocations found by 
karyotyping. However, because Bionano optical mapping has much 
higher resolution compared to karyotyping, we were able to map 
translocation breakpoints within specific genes. Additionally, we were 
able to find deletions at the breakpoints in one especially interesting 
sample. In this sample, a t(4;21) translocation was found by karyotype 
and deletions were found by CMA, with optical mapping, we could 
determine that there were three breakpoints with a 107 kbp deletion on 

chromosome 4 next to one breakpoint and a 57 kbp deletion on 
chromosome 21 next to another junction. There was an additional 
breakpoint with no loss of material that resulted in a nested inversion in 
the der4 translocation. In summary, optical mapping could find three 
breakpoints and two deletions, and define genes directly impacted –
broken or deleted, while CMA and karyotyping combined could only find 
two breakpoints and two deletions. In addition, optical mapping 
identified a balanced t(3;20) which broke genes on both chromosomes, 
a balanced t(4;9) which also broke two genes, and three additional 
balanced translocations in different samples. In addition to the ability for 
Bionano optical mapping to detect most or all variants detected by CMA 
and karyotyping, it can detect smaller structural variants (>500bp) very 
robustly, making it a great complement to whole genome sequencing to 
integrate SNP and Indel calling with structural variation calling.
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Results: Structural variant found by Bionano optical mapping

Sample ID Insertions Deletions Inversions Duplications Translocations

#1 5 6 14 6 3
#2 3 10 10 3 2
#3 20 19 14 4 2
#4 13 22 13 0 4
#5 13 24 19 2 4
#6 4 4 11 2 4

Bionano optical mapping identified abnormalities including translocations in each sample. SVs have been 
filtered based on a control database for variants that have not been seen in genomes from individuals with 
no known disease, however, some insertions, deletion, inversions and duplications are likely to be 
polymorphic. All translocations were also found by standard karyotyping.

Bionano optical mapping identified fusions within chromosome 4 and 21 which allow the construction of the 
derivative chromosomes. In figure be hg38 in silico maps are shown in green and Bionano maps are shown in blue, 
derivative chromosomal fusions are denoted in yellow or purple arrows. Bionano map 1850 shows the fusion of chr21 
to chr4, the orientation and order is denoted with yellow arrows 1 and 2, making up the derivative chromosome 21. 
Bionano map 1790 shows an inversion fusion on chromosome 4, denoted by purple arrows 1 and 2. Map 171 shows 
the fusion of chr21 (match lines are not shown to simplify the figure) to chr4. by comparing the fusion points, we can 
calculate deletions. The constructions (diagram in figure A) show the locations of the breakpoints within a few kbp
and also uncovers a cryptic inversion undetected by other technologies. Additionally, two large deletions were 
detected, these could only be detected by chromosomal microarray and not by karyotyping. In a single assay, optical 
mapping can provide all relevant findings detected by CMA and karyotyping with higher resolution.

Bionano optical mapping identified a reciprocal translocation between chromosome 3 and 20 which causes the breakage of two genes. The 
breakpoint location can be mapped accurately within the genes because of the high resolution of Bionano optical mapping.

Detection of chromosomal abnormalities with Bionano
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