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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.
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Identifying Parental Alleles with Bionano Genomics’ Ultra-High Molecular Weight DNA
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Complete diploid assemblies with correct phasing has always 
been a challenge with non-trivial applications in understanding 
diseases and reference building. Trio-binning of proband reads 
using parental reads has been applied recently to partition 
proband reads prior to the assembly of the binned paternal and 
maternal sets (Koren et al., 2018). With the advantage of the 
Bionano Genomics ultra-high molecular weight DNA spanning 
complex genomic regions, such as segmental duplications and 
repeat expansions, trio-binning of proband Bionano reads to the 
Bionano parental haplotype-aware assemblies gives contiguous 
assembly of each allele.

Using a human trio dataset, proband molecules that uniquely 

aligned to either of the parents were assigned to their respective 
maternal or paternal bins. Other molecules were evenly distributed 
to the bins. Following binning, each of the bins assembled to 
about 2.95 Gbp with N50s of about 65 Mbp, and with less than 110 
loci showing two alleles, where potentially both parents share the 
same alleles. To further segregate the alleles, a cross-checking 
step was performed by aligning the proband’s binned assemblies 
to the parents’ assemblies to identify regions where both parents 
shared the same allele, but homozygous in one and heterozygous 
in the other. We can then eliminate one of the parents’ 
heterozygous alleles and improve the parental anchors for the 
next round of trio-binning. We have applied this procedure to trio-
binning of several animal genomes as well. 

Generating high-quality finished genomes replete with accurate identification
of structural variation and high completion (minimal gaps) remains
challenging using short read sequencing technologies alone. The Bionano
Saphyr™ system provides direct visualization of long DNA molecules in their
native state, bypassing the statistical inference needed to align paired-end
reads with an uncertain insert size distribution. Ultra long DNA molecules can
be isolated using Bionano Prep Solution Phase (SP) DNA isolation kit or a
conventional plus-lysis method. DNA can be labelled in a non-destructively
with Direct Label Stain (DLS) chemistry. These long-labeled molecules are de
novo assembled into physical maps spanning the entire diploid genome. The
resulting provides the ability to correctly position and orient sequence contigs
into chromosome-scale scaffolds and detect a large range of homozygous
and heterozygous structural variation with very high efficiency.
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In conclusion, trio-binning with Bionano Genomics’ ultra-long DNA molecules can efficiently segregate haplotypes and 
assemble each of the alleles with superior contiguity. This method is also reference free such that it can be applied to other 
species for identifying their parental alleles. 
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Binning of Proband Molecules through alignments to Father and Mother Genome Maps (Long molecules can span across loci)

Ground truth for a trio-binning case study: 
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When the binned parental assemblies share an allele:
Reference Free Cross-Checking Eliminates Extra Alleles in Binned Parental Assemblies
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Sample Father
(haplotype aware)

Mother
(haplotype aware)

Proband’s Paternal
Allele

(haplotype 
unaware)

Proband’s 
Maternal Allele

(haplotype 
unaware)

Assembly size 5.85 Gbp 5.84 Gbp 2.94 Gbp 2.94 Gbp
Genome map N50 70.26 Mbp 59.64 Mbp 70.27 Mbp 59.67 Mbp
Number of heterozygous calls against hg38

Insertions 1653 1609 45 48
Deletions 957 895 30 31

Assemblies Result:
Heterozygous calls remaining in binned and cross-checked parental assemblies are potentially regions 
where father and mother share the same heterozygous alleles. 
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