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Biology / Sequencing

• DNA consists of words 𝑤 =
Σ∗ = 𝐴, 𝑇, 𝐺, 𝐶 ∗ from a 4 

letter alphabet

– bases or base-pairs (bp)

• Sequencing tries to translate 

from molecule to textual

representation

• Many technologies

– Sanger (<1000bp)

– NGS ( ~100 − 300 bp)
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Raw Read Data

• Fragments/Sequences are called reads

• Sequencing is error-prone

– Up to 10% for early Illumina, 30% Nanopore

• Huge amount of data: several 100GB

– Not easy to spot mistakes by eye

>SequenceID1

ATGACAACAGAGATATCAGA

@

1231241212312AABASDA

>SequenceID2

ATGACAACATAGATATCAGA

@

1231241212312AABASDA
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Assembly

• Assembly: put reads together to get original sequence

• Assembly Problem:

“Maximize the likelihood
that the assembly is the
source of the set of reads”

Reads

Aligned Reads

Gene/Transcript

Genome

• Several Methods:

– Overlap / Layout / Consenus or De Bruijn Graph

– Problem complexity ~ Graph complexity
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DBG: Graph Structure

1. Take every read

2. Split read into k

long subwords

– k-mers

– s-mers

3. Connect unique

k-mers if

consecutive in 

read
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Error Correction

• Several Structures can be observed in k-mer graph:

– Tangles, Spurs and Bubbles

– due to errors in reads, make assembly harder

• Essentially error correction removes such artifacts
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Error Correction

• There are several error correctors available

– Mostly for genomes

– Different characteristics

• SEECER error corrector for transcriptomes [Le 2013]

• Results not satisfying enough
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PAGAN Graph Structure

• Allows lossless storage of reads in a k-mer-graph

• Single reads can be extracted
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PAGANtec: algorithmic

• Correction strategey depends on the location of error

– Error at an end

– Or forming a bubble or long spur
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PAGANtec: algorithmic

• Short tip correction

– Detect erroneous sequence

– Replace by correct sequence

 Attention: tails can be used by other reads!
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PAGANtec: algorithmic

• Long tip/Bubble correction

– Detect erroneous sequence

– Store correction and corrected sequence

 Not depending on other reads!
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PAGANtec: results

• Good correction in general and in detail!

– No structures forming

• However slower.

– Easy parallelization

SEECER PAGANtec
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PAGANtec: filter

• Each algorithm for

– Short tips

– Long tips

– Bubbles

• Essentially same steps

– Detect Errors

– Find correction

– Store/Apply correction
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PAGANtec: parallelism

• Apply

#pragma omp parallel for

• FilterTips: race conditions / data race!

• Correction Storage: Threadsafe Hash-Map

~100 − 101
~ < 101
> 106

Width

of smer
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PAGANtec: load imbalance

• Several stages identifiable

• Problems detected:

– Tips have a low CPU usage!

– One thread takes essentially longer than others!
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PAGANtec: load imbalance
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PAGANtec: characteristics

First reason:
omp parallel for

Very coarse grained!

Low CPU usage?

Load Imbalance?

Locking!
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PAGANtec: characteristics

Second reason: busy k-mers

• Low average route width for whole dataset 𝑂 101

• Accumulated Width explains behaviour

– Very few s-mers account major part of width!
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Lessons Learned

• OpenMP parallel task construct

– Create batches of s-mers with 2000 route entries

– Create extra tasks for routes with > 500 entries
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PAGANtec: parallelism

• Make use of parallel tasks
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PAGANtec: revised

• Why is there still a load

imbalance?

– How many s-mers

are there per task?

– How many route 

entries (width) are

per task?

Red Ticks: > 1 inner task
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Conclusion

• Convoluted graph structure

– Not easily splittable into same chunks

– Locking poses a problem

• #pragma omp task greatly improves performance

– Not possible with #pragma omp parallel for

– Manual creation of chunks

• Still difficulties from coarse grained structure

– Prioritize chunk to avoid imbalance

– Instead of leaving it at end of queue
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Thank you for your attention!

Tony Bolger & Björn UsadelDirk Schmidl & Torsten Kuhlen
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Chunk Creation

• Manual effort to create chunks

• Pattern observed frequently with

tasks!

• Often leads to some (minor) code

duplication

• Integrate into OpenMP-clause?
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Flows per s-mer
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𝑮 = (𝑽, 𝑬)

𝑽 = 𝒏 𝒏 ∈ 𝒌 −𝒎𝒆𝒓𝒔

𝑬 = 𝒊 𝒋 𝒔𝒖𝒇𝒇 𝒋, 𝒌 − 𝟏 == 𝒑𝒓𝒆𝒇 𝒊, 𝒌 − 𝟏


