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PAGANTtec

Probabilistic Algorithm for Genome Assembly of Next-Generation Sequencing Data

USkp |,
transcrlptome error correction

1. Biological Background
2. PAGANtec
3. OpenMP Parallelism in PAGANtec

4. Conclusion
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 DNA consists of words w =
>*={A,T,G,C} froma4
letter alphabet
— bases or base-pairs (bp)
« Seguencing tries to translate « Many technologies
from molecule to textual — Sanger (<1000bp)

representation _ NGS ( ~100 — 300 bp)

A A N A N A A AN AN N GTGCACTGGAGGAGGAGGAGGGTCATGGTAGTCTTTGGTGGCAAACTCACCGTGTTCAGCTGGAGGAG

PCR
AssemblyT

2277727222722722277727272227727722277°2772222772777
P73999992229272792223272722279272722727227232227227
2977222277227227772222727727227227722277777 2 7 7 e
2999999222997 9992222727722222727722227227272797 Sequencing
299923329299922222722222922722222922722222227222222227277
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>SequencelD1 >SequencelID2
ATGACAACAGAGATATCAGA ATGACAACATAGATATCAGA
@ @
1231241212312AABASDA 1231241212312AABASDA

* Fragments/Sequences are called reads
e Sequencing IS error-prone
— Up to 10% for early lllumina, 30% Nanopore

 Huge amount of data: several 100GB
— Not easy to spot mistakes by eye
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Assembly: put reads together to get original sequence

Assembly Problem:

“Maximize the likelihood ST SEZ R
—_—

that the assembly is the —_— 3 e

source of the set of reads” >T<‘>1<;1/

Several Methods:
— Overlap / Layout / Consenus or De Bruijn Graph
— Problem complexity ~ Graph complexity

olecular
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mf@ 1. Take every read

nect unique
ers if
secutive in

a
olecular
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error correction

= = e

« 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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s | [PAGAN Graph Structure

Prefix Tails

s-mer Suffix Tails

Route Entry

* Allows lossless storage of reads in a k-mer-graph
« Single reads can be extracted
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« Correction strategey depends on the location of error
— Error at an end

— I —

— Or forming a bubble or long spur

———————

w
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ETEETE o e m o @

e Short tip correction
— Detect erroneous sequence
— Replace by correct sequence
= Attention: tails can be used by other reads!
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- e

————————————

e =

* Long tip/Bubble correction
— Detect erroneous sequence
— Store correction and corrected sequence
= Not depending on other reads!
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e Each algorithm for « Essentially same steps
— Short tips — Detect Errors
— Long tips — Find correction

— Bubbles — Store/Apply correction

Algorithm

1: function APPLYFILTER(graph, smers)

2

3 for smer € smers do

4: for route € smer do

5 for route entry € route do

6 CORRECTROUTEENTRY (graph, route entry)
7 end for

8: end for

9: end for

10:

end function
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* Apply
#pragma omp parallel for

Algorithm

1: function APPLYFILTER(graph, smers)

- . smers do < > 106 ]
for smer € smers d ~ < 101 W|dth

2
3
4 for route € smer do <
5 for route entry € route do <« ~100 — 101

6: CORRECTROUTEENTRY (graph, route entry) Of smer
8

9

0:

).

(: end for
end for
end for

1

end function

* FilterTips: race conditions / data race!
« Correction Storage: Threadsafe Hash-Map
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Long Tips Write Graph
Load Tips Inline
I'G'ra'p'h--'-'l """"" 1"Tipsl""| """"" (s o L ER ORI (¢ i G e e taniin | pmbesting (|
WQEQ-Q 50s 100s 150s 200s 2505 300s 350s 400s 450s 500s 5505 600s 6505 700s Thread 1:‘
[ start (TID: 5 | —— T Ty — N 8 e
funcGOXHo | P T — ey L — p—
Func@oxaro | e : - S e, p—
unc@OXGTo | A T P W S | M || 744 CPUTime
Func@OX3Fo | - ANDS W e T — p—
 func@ox3f | e — Ty — m— 7O
§ func@OL | e s S | | B R e S AR S S | D" CPU Sample
£ [uncGOx3To | s i M L 0 gam| (| 1/ Transitions
funcQOXaFY | s o e — M I P, e, NS (7] CPU Usage
func@ox3m = PR U T . M | A ik CPU Time
Func@OXo | e . - P —, —n
func@Ox3f | T T e—— R - i
[V Thread Conc...
~|  dukConcurr...
PO U520 S Wy U —n
Thread Co... .
- e M EEe—
(] M o — I

« Several stages identifiable
* Problems detected:
— Tips have a low CPU usage!
— One thread takes essentially longer than others!
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Algorithm
1: function APPLYFILTER(graph, smers)
2 # pragma omp parallel for schedule(dynamic)
3 for smer € smers do
4 for route € smer do
5 for route entry € route do
6: CORRECTROUTEENTRY (graph, route entry)
T end for
—
8 end for . I
0: end for Very coarse grained!
10: end function
RWTH

Low CPU usage?
Locking!

L oad Imbalance?

First reason:
omp parallel for

an
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Second reason: busy k-mers
 Low average route width for whole dataset 0(10%)
« Accumulated Width explains behaviour

— Very few s-mers account major part of width!

— 2.0e+08
£% <
5 =
= = 1.50+08
© o
+—20 K
8 E 1.0e+08
cC =

: 3
(& < 5.0e+07
=10-
<C

i 0.0e+00
25 °0 75 100 0e+00 26406 4e+06 66406
Data-set size [%] + Sorted Smer Indices '
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e OpenMP parallel task construct
— Create batches of s-mers with 2000 route entries
— Create extra tasks for routes with > 500 entries

Algorithm 1.4 TASK work-sharing construct implementation

1: function APPLYFILTER(graph, smers)
2: #pragma omp parallel

3 #pragma omp single

4 > For each chunk of |smervec| s-mers with less than 2000 route entries
] for each smervec C smers A [routeentries(smervec)| < 2000 do

6: #pragma omp task untied firstprivate(smervec) > Outer task
7 for route € smer do

8 for each entries C route A |routeentries(entries)| < 500 do

9: #pragma omp task untied firstprivate(entries) > Inner task
10:

11: CORRECTROUTEENTRIES(graph, entries)

12: 1

13: end for

14: end for

15: end for
16: end function

s &t
‘?.'J-\ An

otan e af
RWTH IBHW/L\ Giiféﬁcs I i Markus Joppich, LFE Bioinformatik, Institut fur Informatik, LMU Miinchen IWOMP 2015

21




UNIVERSITAT
MUNCHEN

wowe ws.| IPAGANtec: parallelism \
LMU P S\

« Make use of parallel tasks

" "'500s | 700s | 900s . 1100 oQec-cw | 1005 | 300s | 5008 7005 900s . 11005 13005 ' 1500s

3005
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IMU e s PAGANtec: revised

$ 800
: _ A
* Why is there still a load SJ o
Imbalance? o
£400-
— How many s-mers J
are there per task? o200
i®)
£ o
2
— How many route
entries (width) are %
F9000
per task? 5
$6000-
=
()]
93000
>
Red Ticks: > 1 inner tas S 2
a 0g+o Time [s]
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e Convoluted graph structure

— Not easlily splittable into same chunks
— Locking poses a problem

e ##pragma omp task greatly improves performance
— Not possible with #pragma omp parallel for

 Sitill difficulties from coarse grained structure

— Manual creation of chunks

— Prioritize chunk to avoid imbalance
— Instead of leaving it at end of queue

IWOMP 2015
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Thank you for your attention!
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veid* blibb

 Manual effort to create chunks

#pragna omp parallel
g o i « Pattern observed frequently with
nse (oo tasks!
. blubb->push_back({f(newline})
% coregme con e ey ® Oft€N leads to some (minor) code
| § duplication

#pragma omp

iyher Abw-wcér€ate additional task when barrier (or implicit barrier, e.g. end of scope)

I;;and End clau;e evaluates true (blubb-zsize() > @)

L
)
L
)
}l

}

pragma omp task firstpriwvate(blubb)

* Integrate into OpenMP-clause?
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" Frequency

Flows per s-mer - -

G =(V,E)
V ={n|n € k — mers}

E=11C Dlsuff(jk—1)==pref(ik—1);

I B otany olecula - -
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