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Abstract

As new high-throughput sequencing technologies are rapidly evolving, it is
becoming increasingly inexpensive to generate large numbers of draft
microbial genome sequences. However, the quality and completeness of
these genome sequences is often highly variable and limits comparative
analyses and conclusions. Selecting the most appropriate sequencing and
assembly strategy is a challenge facing most large-scale microbial pathogen
genome projects. Project designers must balance the competing interests of
higher quality and cost for more complete genome sequences versus larger
numbers of samples to enable more comprehensive comparative analyses. In
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order to evaluate the optimal balance of sequencing platforms and assembly 20000 e R
strategies for a wide range of microbial species, we conducted a oo B B
comprehensive study using a series of samples from five bacterial pathogens s0.000
that range in genome size and %GC content. Each genome was sequenced 25000 - L
using three complementary platforms (454 FLX, Illumina HiSeq2000, and °T s G do do  do  bo i 1o _ido  sdo  ho b 1to  tbo  ido  sbo  =do  abo A S i T
Pacific Biosciences RS) that offer a wide range of read length, depth of e e ::_’:j":;‘:‘ D H =t H ‘
coverage, and accuracy. These diverse data were assembled in multiple i LLLLK Ll
combinations and at varying depths of coverage using a suite of six genome e m— L
assemblers. The results of this study show that optimal quality genome . J [ X
sequences are obtained using different strategies for each of the analyzed Assembler Comparison —
species, including different combinations of sequencing and assembly o N
techniques. These conclusions will inform future large-scale microbial
pathogen genome studies, leading to more efficient and improved project Assembly Completeness
design and, ultimately, the availability of more comprehensive genomic data o I
set resources to the scientific community. . . N
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pacio 163580 a5t = ES assemblers are more sensitive to read coverage than De Bruijn graph
Moobscessis 660125 R 45t S0 11568815 i = i i assemblers. However, optimal Illumina-only assemblies for each
tamina 284100500 100 '
Y TS D o o B E= E assembler and genome type were achieved between 100x and 200x
Sauees  Coisss asa 258935 73883367 285 coverage. Deeper coverage did not result in improved assembly for any
amina sasza0s S04 99 E=— : Eeee s =il . of our samples. Additional coverage analysis (not shown) indicates that
pacio sase amsmns 2 oans ; ; : ;
Towes  cooum ase e e =] =0 = optimal hybrid assemblies are achieved using 20-25x coverage of either
e Sen  CHE o 454 or PacBio data in combination with lllumina short reads.
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[P FRIko20 asa a1m3ss 0877 133 336 F P lllumina-only assemblies, MaSuRCA and SOAPdenovo outperformed the
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) el Skl - other assemblers tested. However, MaSuRCA and SOAPdenovo also
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bactio o smson s sa1s 5
VT e Lo Only three of the assemblers tested were capable of hybrid assembly
llumina 1,960,045 100 Ilumina+454 Illumina+PacBi of lllumina data with both 454 and PacBio data. In all cases, hybrid
Pacio 5479 59205 114593413 1936 4581 umina- lumina+PacBio assembly using PacBio data was preceded by error correction of the
s Gram 0O - o e Ches o o P oo et J— comonee PacBio data using lllumina reads and the Celera Assembler pacBioToCA
Padio 532 se0 s 1776 an = i 3 B i el i i i = i module. Celera Assembler and Mira achieved similar assembly statistics
in hybrid assembly of lllumina with either 454 or PacBio data.
| ile high-quality draft genome assembly is possible using an
E =) B E = While high- lity draft bly i ible i
Method = = = [ = = lllumina-only approach, significant improvement can be achieved when
combining data from multiple platforms. An lllumina+PacBio approach
= = B BFee = ] often achieves comparable or better results than an lllumina+454
) strategy, with much lower cost and faster turnaround. Recent
Sequencing Assembly E E = = ; B . B= = s improvements in both PacBio sequencing and assembly methods have
S Eva‘luanon B B == = ¢ =8 ¢ BE= ¢ resulted in continued improvement in microbial genome quality and
+Packio SR '““S:"'f o future studies will continue to evaluate these strategies.
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