
Background
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 Irys platform provides direct visualization of long DNA molecules in their native state, bypassing the statistical infer-
ence needed to align paired-end reads with an uncertain insert size distribution. These long labeled molecules are de novo assembled into physical maps spanning 
the whole genome. The resulting order and orientation of sequence elements in the map can be used for anchoring NGS contigs and structural variation detection.

Methods
(1) DNA is labeled with IrysPrep™ reagents by incorporation of fluorophore-labeled nucleotides at a specific sequence motif throughout the genome. (2) The 
labeled genomic DNA is then linearized in the IrysChip™ nanochannels and single molecules are imaged by Irys. (3) Irys performs automated data collection 
and image processing. (4) Molecules are labeled with a unique signature pattern that is uniquely identifiable. (5) Molecules are assembled into genome 
maps and downstream analysis of maps is performed with the IrysView™ software suite. (6) Downstream analyses include detection of structural variation.

1) IrysPrep reagents label DNA at 
specific sequence motifs

2) IrysChip linearizes DNA in 
NanoChannels

3) Irys automates imaging of 
single molecules in NanoChannels

4) Molecules and labels detected 
in images by instrument software

5) IrysView software assembles 
genome maps
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6) Automated Structural Variation Detection Algorithm

To align genome maps to each other or to a reference, a 
dynamic programming approach similar to classic Smith-
Waterman is employed. However, instead of the units 
of comparison being single base-pairs, they are instead 
intervals between neighboring motif sites. Structural 
variations are called at regions that are discordant, having 
relatively low similarity. To gain confidence in such calls, it 
is required that the structural variations be flanked on both 
sides by high scoring regions.
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Abstract
High quality human genome assembly relies on complex algorithms with large 
computing power requirements. We will describe the present state and future 
trends of modern computing platforms in use for this difficult task and discuss 
strategies of code development that makes optimal use of the compute hardware.
 
The BioNano Genomics pipeline assembles genome maps from single-molecule 
images of long DNA molecules (up to multi-megabase lengths) comprising 

measured distances between fluorescently label 7-base sequence motifs. The 
sophisticated algorithms combine numerical and graph-theoretic techniques to 
produce de novo assemblies with average contiguous consensus map lengths up 
to several megabases.

A recently released Xeon Phi processor can provide 10x more computational 

Conclusions
General availability of massively multiprocessor systems with wide vector units opens a door to routine TFLOP-scale computing. We have implemented 
the BioNano assembly pipeline on a system using 6 Xeon Phi units providing an affordable and compact solution for genome assembly. The changes to 
underlying pipeline were relatively minor and parallelization improvements fed back to conventional cluster platforms.

References
1) Using Intel Xeon Phi™ coprocessor cards in server case made by SuperMicro™ assembled by Thinkmate™.

capability compared with usual Intel CPU at the cost of increased software 
scalability requirements. 

We will highlight how adapting BioNano software to Xeon Phi platform resulted in 
gains in computational and power efficiency, as well as improving scalability and 
speed on regular processors.

A Compact Solution De Novo Genome Map Assembly Future of High Throughput Computing
 - One 2U box

 - 12000 billion single 
precision operations per 
second. 1.7kW peak.

 - Assembles 
NA12878 (human) 
with 50x coverage in 
approximately 9 hours.

 - Result: BioNano 
genome map with  4.3 Mb 
n50

Intel Xeon Phi and 
AMD Kaveri processors 
enable high throughput 
computing by coupling 
high-performance vector 
units with conventional 
CPUs.

This provides the 
freedom to choose the 
best algorithm without 
compromising on 
memory bandwidth or 
computational power.

Besides Intel and AMD, 
ARM, Qualcomm and 
Mediatek are also looking 
at CPUs with 16-wide 
vector units

BioNano de novo 
assembly pipeline is a 
sophisticated combination 
of graph-theoretic and 
numerical algorithms.

It is highly demanding 
both in computational and 
memory requirements.

Conventional analysis 
of human and larger 
genomes requires a 
cluster of computers with 
large throughput and large 
memory

Chr5p 90 kb 

100 kb 

Widely deployed 
Commercial success 

x86, amd 64 

PDP, Sparc, Power, MIPS 

ARM 

Z80, 8051, m68k 

Regular instruction set architecture 
 auto resource management 

Exotic instruction set 
Explicit hardware management 

Transmeta 

Transputer 

Lisp machine 

Itanium 

i960 

Cell 

GPU Xeon Phi Kaveri 

Limited deployment 
 


