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ABTRACT

Human MLL contains a site of frequent
chromosomal rearrangement in instances of
therapy-related luekemia. Previously, Iinverse
PCR (IPCR) followed by gel extraction and
Sanger sequencing has been used to interrogate
this translocation hotspot and determine
chromosomal rearrangement partners and
breakpoints. To scale up this rearrangement
detection procedure, we performed high-
throughput sequencing and tested two short read
assemblers, as well as a custom semi-greedy
heuristic assembler, for correct assembly of IPCR
rearrangement products. We found that currently
available short read assemblers fail to correctly
and completely assemble [IPCR product
sequences from a test lane of single-ended
lllumina reads, while our novel, Semi-Greedy
Assembler (SEGRASS) assembled four IPCR
products that have been cross-validated by PCR
and Sanger sequencing. Our assembler is
designed for sequenced molecules that have
regions of high or full identity among them, and
which may have been sequenced at different,
ultra-high depths within a set of short reads.

Targeted Sequencing of Rearrangement Hotspot

Primers were chosen to amplify restriction enzyme
fragments containing either unrearranged MLL (A), or a
fusion between MLL on chromosome 11 and another
chromosome (B).
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Assembly attempts with Velvet, SSAKE Genome alignment, read pair extraction, and assembly

While the use of paired-end sequences allowed successful

assembly Of IPCR prOdUCtS (See bOX to right), We WiShed tO I”um'na GA pa”'ed reads o :E:E; UCEC Gehes Based oh Refsed, UhiPR:D;E:E:::::J CCOE and Comparative Genomics
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avoid both the cost of paired-end sequencing and the = o D, B o
biquity ecti didat _ _ Theref —- - align to human genome

ambiguity in selecting candidate genomic regions. Therefore, via BWA / SAMtools | = e ——— | 7|

we attempted de novo assembly of single-ended lllumina —> <

reads using Velvet (Zerbino 2009 PLoS One 4:.€8407,

Zerbino 2008 Genome Research 28:821). Velvet, run on a

full lane, or ~8M reads, and on various subsamples down to

~1 / 3,300 of the lane's reads, assembled Contigs that were, extract “bait” sequences )

at most, less than half the length of the validated IPCR

products. Ir.] many cases, subsequent read mapplng ana subset reads, assemble random subsets with

sequence_allgnment demonstrated that th.ese contigs were y Velvet (coverage too high), and BLAT to

short sections of the real products. Partial assembly may > e > e — - human genome ...

have been due to the partial sequence identity among IPCR - 5 4__>—’ :‘— (N o e A > A —» -

products, combined with varying high depths of sequencing. e e e - = AN

In addition to Velvet, we also attempted to assemble the e T N Y

IPCR products using SSAKE (Warren 2007 Bioinformatics extract proper pairs, and. EENoith \,”

23:500) on quality-trimmed lllumina reads, seeded with the orphaned reads ... ’ (7

sequences of primer 1 or 2. SSAKE successfully assembled VL downstream ML from RE

the most common sequence Iin the data set — in this case, of primer 1, to upstream of

unrearranged MLL — but not the desired rearrangement hotspot primer 2

products. SSAKE is designed to call a single consensus Our first approach involved aligning all paired-end reads to the human genome using BWA (Li

sequence during extension, which disallows multiple 2009 Bioinformatics 25:1754) and SAMtools (Li 2009 Bioinformatics 25:2078), then extracting

sequences that branch from identical sequence. [ISSAKE regions outside of MLL with extremely high coverage. By selecting read pairs that either mapped

(Warren 2009 Bioinformatics 25:458) addresses this as proper pairs to these regions, or with one read “orphaned,” and then assembling (a subset; very

possibility, but since the branch points are unknown a priori, high coverage defeats assembly) with Velvet, we obtained four candidate IPCR products to be

their identification for use in ISSAKE would further complicate cross-validated by gel extraction and Sanger sequencing.

the assembly procedure. | J
SEGRASS (Semi-Greedy Assembler) Results / Conclusions

Our assembler hashes single-ended lllumina reads into a double-keyed hash, where the two keys:
{first k bases of read} and {k+71" base} correspond to a value equal to the number of times those
(k+1) bases are seen at the 5'-end of a read. A sequence is extended with the k+71" base if the
frequency (hash value) is either a minimum value m, or at least a fraction 1/r of the most frequent

In this application, where a small number of short
sequences with full identity along part of their length
were sequenced at extremely high read depth,

k+1" base with the same first key. Jrowing sequence. 7 several current assemblers — Velvet and SSAKE —
araVsequence : . TTAGATGTCGACAAT were unable to correctly assemble the full original
... ITAGATGTCGACAA matche€s 1n nhasn:
Jrowing sequence. CNY- in rachs (GrccACaaT) (=21 sequences. We wrote SEGRASS to address the
' {TGTCGACAA}{T}=379 = 1fi . I
... TTAGATGTCGACA TeTCeACAR {Chot] AT s spgmﬂc challenges qf our data: extremely high d.epth
(ATGTCGACA}{A}=421 {TGTCGACAA}{G}=9 | <\’ (with concordant high counts of error-containing
{ATGTCGACA}{T}=2 growing sequence: i '
CATCTCACAS {G1oa8 Jrowing sequence: TTAGATGTCGACAGT _reads), ar?d branching assembly paths due to partial
... TTAGATGTCGACAG matcheg hash: identity in the target sequences. SEGRASS
matches in hash: {GTCGACAGT}{A}=21 . :
{TGTCGACAG}HT}=21 | effectively assembles this type of sequence data by
HTOTEOALAGHEI=L L TTAGATGTCGACAGG extending sequences in a semi-greedy fashion. This
matches in hash: ensures that low count, likely erroneous reads lead
to the termination of growing sequences, while
Sequences assembled as above, starting with primer 1, are visualized below using a technique branch points with frequent reads supporting

described in Vlachos M, et al. (2007. Visual Exploration of Genomic Data, in Lecture Notes in
Computgr SClenge. Knowledge D|scovery in Databases.. PKDD 2007, pp. .613-20). Briefly, each sequence duplication and further extension. After
successive base in a sequence adds a unit vector according to the base type; thus, sequence paths .. , ,

remain collinear as long as they are identical, but diverge at polymorphic sequence. Subsequent jterml.natlon of all sequences, clustering at hlgh
identical sequence will be parallel, but not collinear. Sequence paths have low alpha (transparency) identity removes the short sequences that partially
values, so dark lines indicate many overlapping sequences. duplicate true target sequences, but were

terminated due to incorporation of errors. In the data
" MLL: RE site to primer 2 | shown (see box to left), this procedure removed the

~ T complexity in the assembled sequence set, and

" * Jll_ : resulted in four sequences that were ~99% identical
, ' . . to the four sequences generated using paired read
T —— | T information (see box above), that were cross-

T validated using PCR on genomic DNA, followed by

7
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multiple candidate bases for extension allow

2 Performance. SEGRASS assembled one lane of
L. untrimmed 63 bp lllumina reads (~8M reads) in ~5
minutes; however, most of this time was spent in the
| clustering step. Future developments will include
read flagging to avoid repeat loops, and the creation
MLL: primer 1 to hotspot | . of multiple hashes to accommodate discontinuous

- | coverage.
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