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A pipeline of genome sequencing and assembly (Fig. 1).
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hole genome sequencing is an
important way to study functional differences between species.
Because genomic DNA sequences are
very long, they must first be broken
into small fragments that can read out
the base content of each fragment one
by one by sequencing. These short
sequences (reads) are then assembled
by the computational method, re constructing the original genomic
sequences (Fig. 1). The process is called
genome assembly. Traditional Sanger
sequencing can generate reads of ~1000
bp; and these reads can be assembled
by t h e ove r l a p - l ayo u t- co n s e n s u s
approach. This method, however, is
costly and time consuming, so only

a few complete genomes have been
processed using this technology .
Short read sequencing (SRS) platforms, such as HiSeq 2000, have much
higher throughputs and much lower
costs than traditional Sanger sequencing. However, genome assembly is
more difficult using SRS data than using
Sanger data because the amount of SRS
data is huge (≥100 Gb per run) and SRS
reads (100~250 bp) are much shorter
than Sanger reads (~1000 bp).
The two major types of SRS assemblers are extension-based and de Bruijn
(or Eulerian) graph-based. An extensionbased assembler starts from a seed
read and extends it by overlapping
other reads. Without constructing a

full layout graph, this approach saves
both computational time and memory.
However, it is sensitive to sequencing
errors and repeats; and it usually generates a fragmented assembly.
The de Bruijn graph approach is fast
at finding overlaps between reads. It
decomposes a read into consecutive
k-mers, which are represented by nodes
connected by edges in a graph. By
scanning all reads once, it rapidly finds
the overlaps between all reads because
overlapping reads have the same k-1
mer. The resulting graph contains all
characteristics of a genomic sequence
(Figs. 2a–c). The constructed graph,
however, has to be reduced using different
h e u r i s t i c a p p ro a c h e s to e l i m i n a te

Jump

Rseed

SSE

Re

TTGTACGTAG ATAGGGCGTA
R GTAGAGATAG
s

sequencing errors and to resolve repeats (Fig. 2d). This approach has been
adopted by several leading assemblers
for SRS data, including ALLPATHS-LG,
SOAPdenovo, and Velvet.
The de Bruijn graph approach requires
more memory than the extension approach because it needs to save the entire graph in memory for assembly. To
handle a large genome such as a 3 billion
base pair (Gb) genome, ALLPATHS-LG
and SOAPdenovo have been carefully
engineered; but most other de Bruijn
graph assemblers cannot handle large
genomes when memory is limited. Note
that the memory requirement increases
dramatically as the read length increases,
which will occur as the sequencing
technology advances. Although correcting errors in sequencing reads can
reduce the graph size and increase the
assembly quality, as the total read count
and read length increase so does the
execution time. Therefore, balancing
assembly quality, memory requirement,
and execution time is a major challenge
for de novo assembly.
Recently, our team has developed
a new extension-based assembler for
SRS data, called JR-Assembler. (J stands
for “Jumping” extension and R for read
“Remapping.”) A key concept of our
approach is that instead of a base-bybase extension, JR-Assembler extends
a read by other whole reads, i.e., it
makes a “jump.” This approach speeds
up extension and can readily jump
over small repeats. Second, it includes
a dynamic back trimming process, so
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The basic concept of JR-Assembler (Fig. 3).

that the extension can effectively avoid
termination by sequencing errors. Finally,
to avoid partial repeat resolutions, JRAssembler “remaps” reads to each assembled sequence; and if a mismatch is
found due to the existence of repeats,
it breaks the repeat sequences at their
boundaries and reconnects the broken
contigs during the contig-merging stage.

We conducted performance comparisons of many assemblers using many
datasets from genomes of various sizes.
For large genomes, JR-Assembler was
more efficient in memory usage and
run time than current SRS assemblers,
while achieving at least comparable
quality in genome assembly. For smalland medium-size genomes, JR-Assembler performed better than most
current SRS assemblers. JR-Assembler
is freely available at http://jr-assembler.
iis.sinica.edu.tw/ and has been published in Proceedings of the National
Academy of Sciences (Plus) 2013. The
coauthors include Dr. Wen-Hsiung Li,
an academician with Academia Sinica’s
Biodiversity Research Center; and Dr.
Tsunglin Lu, of National Cheng-Kung
University’s Institute of Bioinformatics
and Biosignal Transduction.
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A read, as represented by a de Bruijn graph of (a) 2-mer, (b) 3-mer,
and (c) 4-mer. (d) If another read has an error, the 3-mer graph
generates a new path with 3 new nodes in red (Fig. 2).
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