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Population genetics investigate...

… the adaptation of species in an environment by studying the genetic   
composition of a population (same species).

A finch collection

The shape of the beak is controlled by genes. 



  

What is Linkage Disequilibrium (LD)

LD is the non-random association between alleles (different forms of a 
gene) at different locations in a genome.
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Pairwise LD computation
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Applications of LD

Disease gene
identification

 

Identification of traces
of positive selection
 



  

LD

So what are the computational issues with LD?



  

Advances in DNA Sequencing



  

Bio-Gap

Advances in DNA Sequencing



  

SNPs increase (almost) proportionally with the genomes

Population 
DNA sequencing

Dataset

SNPs

S
e

qu
e nces

Computational demands increase linearly with the number of genomes

… but quadratically with the number of SNPs



  

In need for high performance



  

Moore's law
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Performance bottleneck
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Hardware support (intrinsic instruction) for population count 
in processors but only on regular registers.



  

“Generic” LD approach
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“Generic” LD approach

Multiple Sequence Alignmentalignment columns
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SNP-group List A SNP-group List B

Compute
group

All pairwise LD computations
between two SNP groups



  

“Generic” LD approach

No excessive memory requirements and computations when 
long range LD computations are conducted.

Offloading to accelerators (FPGAs, GPUs) regardless of available 
memory capacity on the accelerator platform.

Better scalability than other parallel algorithms for increasing number 
of cores in a processor, due to better computation-to-synchronization 
ratios.



  

System overview



  

System overview
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LD processor



  

LD processor
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LD processor
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LD processor: Type S (Size) parameters
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LD processor: Type S (Size) parameters
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LD processor: Type R (Resources) parameters
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Design space exploration



  

Design space exploration: Tuning S parameters
Virtex 7 VX980T-2 – post Place And Route results
Throughput (million LDs/second)
10,000 SNPs  – 2,504 genomes 



  

Design space exploration: Tuning R parameters
Virtex 7 VX980T-2 – post Place And Route results
Throughput (million LDs/second)
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Design space exploration: Refining S parameters
Virtex 7 VX980T-2 – post Place And Route results
Throughput (million LDs/second)
10,000 SNPs  – 2,504 genomes 



  

Performance comparison



  

Performance comparison

Platform: Intel Xeon E5-2630 6-core processor at 2.60 GHz and 32 GBs main memory

Data: 10,000SNPs – 2,504 human genomes (real, 1000Genomes project)
10,000SNPs – 10,000 sequences (synthetic)
10,000SNPs – 100,000 sequences (synthetic)

  



  

Performance comparison

2,504 human genomes (1000Genomes project), 10,000 SNPs

D.1: 10,000 sequences, D.2: 100,000 sequences, 10,000 SNPs

FPGA
820.9 mLD/sec

FPGA
D.1: 205.7 mLD/sec
D.2: 20.4 mLD/sec



  

Conclusion



  

Conclusion

Lack of a vectorized population count operator in processors does not permit the 
implementation of a high performance microkernel

FPGAs allow very wide and deep bit-counting pipelines, which is a key for performance
as more genomes are sequenced

Hardware generation software to explore the design space and get high performance for
a particular dataset size



  

Thank you
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