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FElement | S | So | S3 | Sy

a 1 0 0 1

= b 0 0 1 0
M 4 ¢ 0 |1 |0 |1
d 1 0 1 1

e 0 0 1 0

Figure 3.2: A matrix representing four sets

One “esly ™ -

FElement I Sl | SQ | 53 | S4
b o [o Lo
e 0 0 1 0
a 1 0 0 1
d |1 o |1 |1
c 0 .i_ 0 1

Figure 3.3: A permutation of the rows of Fig. 3.2
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1. Compute hl (7‘)7 hZ(T)7 oo 7h7L(T)'
2. For each column ¢ do the following:

(a) If ¢ has 0 in row r, do nothing.

(b) However, if ¢ has 1 in row r, then for each i = 1, 2 RN n set SIG(Z, ¢
to the smaller of the current value of SIG(i, c

i (\QZN’("’“’ l,\(\c 3&*’

Row H S1 | So | S3 | Sy || z+1 mod 5 | 3.L+1 mod 5
0 1 0 0 1 1 1
1 0 0 1 0 2 4
2 0 1 0 1 3 2
3 1 0 1 1 4 0
4 0 0 1 0 0 3

Figure 3.4: Hash functions computed for the matrix of Fig. 3.2

W\t'\)a\ﬁg =0, @f

51| S | Sa | S
hi || oo | o0 | oo | 00
ho || 00 | 00 | 00 | o

7\)0(/0/ Cor\ﬁ(Q\.Qr‘ yow O.
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| S1|S2|Ss| S
1 oo | oo 1
1

ha

ho 1 | oo | @

Now_ row 1. EAEY
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2. For each column ¢ do the following:

@r) 7L)n M '3 , 1. Compute hy(r), ha(r), ..., hn(r).

(a) If ¢ has 0 in row 7, do nothing.

(b) However, if ¢ has 1 in row 7, then for each ¢ = 1,2,...,n set SIG(i, ¢
to the smaller of the current value of SIG(%, ¢) and h;(r).
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Mash extends the MinHash dimensionality-reduction technique to include a o o 0 & @ <

pairwise mutation distance and P value significance test, enabling the efficient

clustering and search of massive sequence collections. Mash reduces large
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sequences and sequence sets to small, representative sketches, from which global

mutation distances can be rapidly estimated. We demonstrate several use cases,

including the clustering of all 54,118
database search using assembled or
Oxford Nanopore data; and the scala
samples by composition. Mash is fre:
(https://github.com/marbl/mash).
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Assembling large genomes with single-molecule sequencing and locality-
sensitive hashing.
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Abstract

Long-read, single-molecule real-time (SMRT) sequencing is routinely used to finish microbial genomes, but
available assembly methods have not scaled well to larger genomes. We introduce the MinHash Alignment
Process (MHAP) for overlapping noisy, long reads using probabilistic, locality-sensitive hashing. Integrating
MHAP with the Celera Assembler enabled reference-grade de novo assemblies of Saccharomyces cerevisiae,
Arabidopsis thaliana, Drosophila melanogaster and a human hydatidiform mole cell line (CHM1) from SMRT
sequencing. The resulting assemblies are highly continuous, include fully resolved chromosome arms and close
persistent gaps in these reference genomes. Our assembly of D. melanogaster revealed previously unknown
heterochromatic and telomeric transition sequences, and we assembled low-complexity sequences from CHM1
that fill gaps in the human GRCh38 reference. Using MHAP and the Celera Assembler, single-molecule
sequencing can produce de novo near-complete eukaryotic assemblies that are 99.99% accurate when
compared with available reference genomes.
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