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Genome assembly is a fundamental problem in the Objective: To produce fast and space-efficient assemblies with shorter Objective: Implementation of a fully-distributed (MPI + OpenMP) extreme-

field of bioinformatics turnaround time. scale genome assembler aiming to tackle the assembly of large genomes

FastEtch Contributions: Essential Contributions: 1) Handle I/0 overheads at the time of reading

* A new algorithm that uses a probabilistic data structure designed for and distributing read dataset. 2) Load balance the distribution of k-mers.
counting—viz. the Count-Min sketch [C, Muthukrishnan '04] to approximate 3) Novel data-structure to minimize inter-process communication at the

It. k-mer counts time of contig generation. 4) Demonstration on shared and distributed
With the advent of high-throughput sequencing Builds a low memory, approximate version of the de Bruijn Graph using the memory systems

technologies, billions of reads can be generated in CM-sketch Pt Faad dataset
a few hours leading to TB/day data accumulation Stores only a subset of vertices and detects edges on-the-fly as contigs are —— > > . >

generated rerzgzsasr;:ng
Research focus: Implement new scalable methods , : . : : i
Approximate approach aims at improving performance (both time and W —— | oo e —_—

for performing extreme-scale genome assembly memory footprint) eSS O e CGTACG| TA | TGGACC AC | | CAGACA [CA _ CCAGAA [ AG |

Calculate TAAGGC! ' GGAGCA CA ATACCG |[TA TCCCGG | TC |

suited for microbial genomes and other complex Two variants presented: A) FastEtch: contigs represent genomic regions min I-mer CATA‘;\GT cmfcﬁ TATCi:A [ ACC@TG [ AC]
eukaryotic genomes. from one of the DNA strands B) Bi-FastEtch: contigs switches between the he-group kMers | AccGTA CGTACG TA | | |CATAAG A4 'CTCAGT CA|

min I-mers ACCGTG ATACCG TA |  GAATCG AA CTCAGG CA |

two Strands Of the DNA CCGTAC 'CATGGC TG 'TAAGGC GC. TCAGGA AG

Calculate CCGTGT TATCCA CC | - GCAACT | TCAGTC AG |
k-mer count + - ‘

The goal lies In reconstructing an unknown
genome from short DNA fragments obtained from

ﬁhread }I éhread }| ﬁhread | Po

Construct a
~ 7 7S PaK-Graph

of macro-nodes c— . A—
Input: Reads that may contain errors e
minimize the macro-nodes of

Extract k-mers (k=3): chop reads into k-mers, process ’ 5 E—— Pak-Graph through iterative

process of compaction, until

tO remove errors | all nodes fit in memory of
A _ : ~fer - single node | ACTCA ECCaal I TCAGG S
S1: AGCACTG S2: TGCACTA e S — f T lrace - ..

Traverse nodes of compacted S

| SN, ] i - : Ll TCAGT
AG C TG C ! | | Sh N PaK-Graph to enumerate contigs - c
Y

¥ oY 4

GCA GCA . : . cCa ccc ccg cct output final set of contigs

CAC CAC . N ' ?ed e?exte:sions? count : x > X
ACT ACT Y1 S N O . (successon . Future Work: 1) Incorporate support for paired-end reads (for FastEtch and

CTG CTA S B - PaKman) 2) Complete the design and implementation of the assembly
De Bruijn _graph (DBG): construct graph where, ' ' pipeline for PaKman (include support of Scaffolding phase) 3) Extend
nodes=k-mers, edges= (k-1)-mer overlap. OQOutput: > algorithm to support other assembly frameworks (transcriptome assembly)

Traverse graph to enumerate long contiguous genomic
regions or contigs

 Experiments conducted on a single 128GB DDR4 memory node of NERSC Cori Strong scaling results on NERSC Cori for

3-D plot depicting the performance (time, i dataset: C.elegans (100x) , size=11GB,

Input datasets used in our experiments Breakdown of execution time (in secs _ S _
( ) memory, quality) of all assemblers tested i With # of distinct k-mers : 1,585,416,564

Organism| Genome | Coverage| # Avg [Data| foOr different stages of the assembly

Size of length| size 500

(bp) Reads @e)| conducted on 32 threads on the C. elegans (cov=50x), k=32 e ]

E_coli 4,703,541 R0 | 3,713,280 | 100 | 0.4 , , FastEtch A k-mer counting —%—

Yeast 12,157,105 100 | 12,156,200 | 100 | 14 [nput Reading| Graph Contig BiFastEtch @ i |

C.elegens | 100,286,401 50 | 50,143,050 | 100 [ 5.3 Input | Construc- | Generation SOAPdenovo

tion , ID%A-:’Jg -4
. - | e

Speedup of FastEtch and Bi- E. coli 438 33.48 10.71 | Minia

_ FastEtch | Yeast 12.14 113.8 46.05 ' i i SPAdes
FastEtch on C. elegans (50x, k=32) % TR et | |

C.elegans

Contig Generation =t
Total Runtime —B—

Time in seconds

Frequency of k-mers in read datasets depends on :
a) Sequencing coverage (C) b) Error rate oo [ Graph Construction —— e capeen o v T o

Contig Generation ----3¢--- s
Total Runtime .. | BiFastEtch [ Yeast 1823 87.96 944

. Coverage=50x B34 - Ceelegans | 40.46 379.25 257.67 . I i e o O o N N e, o, ;
"Coverage=80x EZEZd I g k=" D O S, LY o 128
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Comparing quality statistics of
FastEtch vs. Bi-FastEtch

Number| N50 | Duplication] Number of 1) Ghosh, Priyanka, and Ananth Kalyanaraman. "A Fast
of con- factor k-mers in Bi-FastEtch Sketch-based Assembler for Genomes." In Proceedings of the

(D) e — - o SO 7th ACM International Conference on Bioinformatics,
E.coli Bi-FE_(T=400) T T SRR Velvet Computational Biology, and Health Informatics, pp. 241-250.

Spm: ACM, 2016.
Yeast  |LE(T=800) 3,565 192 182,127,245 _ 2) Ghosh, Priyanka, and Ananth Kalyanaraman. "FastEtch: A
o Bi-FE (r=1600) | 2,133 1 151,341, 51 :
s 5 Fast Sketch-based Assembler for Genomes." IEEE/ACM
FE (7=1K) 55,300 586,714,228 ' | | transactions on computational biology and bioinformatics

BiFE (7=6K) | 3849 712,570,909 . |l (2017).
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C.elegans

S N SR NN NN NN SN RN SN SN SN NN NN SN NN NN SN SN NN N SN SN NN SN SN SN NN SN NN NN NN SN NN NN SN SN RN SN SN NN N RN SN RN R S S

FE (7=6k) 112,91 1,08339,454
BiFE (=20k) | 103,457 310,708,459

“high quality” k-mers with frequency « C | | | | ___ -
‘ gn g : ‘!, : g y ’ 2 3 3 3 | e [IE(=100) | 298676 196050052 R This research was supported in part by U.S. DOE grant DE-SC-0006516
low quality” k-mers are infrequent BeFE (r=20k) ] 190,154 152714807 and U.S. DOE under Contract No. DE-AC02-05CH11231.

Number of threads 'p’




