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Workflow Overview
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Strand-specific single-cell sequencing (Strand-seq)

Homologous 
chromosomes

3'

W
a
ts

o
n
 (

W
)

5'

5'

3'

C
rick

 (C
)

[Figure adapted from D Porubský, A Sanders, et al., Genome Research, 2016]
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Strand-specific single-cell sequencing (Strand-seq)
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Strand-specific single-cell sequencing (Strand-seq)
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Strand-seq can cluster contigs by chromosome
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Clustering “collapsed” Canu assembly
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Phasing of each cluster

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

chr1
chr2

chr3
chr4
chr5
chr6
chr7

chr8
chr9chr10chr11chr12

chr13
chr14
chr15

chr16
chr17chr18

chr19
chr20

chr21chr22

chrX

0.0e+00

5.0e+07

1.0e+08

1.5e+08

2.0e+08

2.5e+08

cl
us

te
r1

9
cl

us
te

r5
cl

us
te

r1
3

cl
us

te
r1

2
cl

us
te

r4
cl

us
te

r2
cl

us
te

r2
0

cl
us

te
r2

3
cl

us
te

r3
cl

us
te

r2
2

cl
us

te
r1

6
cl

us
te

r2
1

cl
us

te
r1

8
cl

us
te

r1
4

cl
us

te
r1

7
cl

us
te

r6
cl

us
te

r7
cl

us
te

r1
5

cl
us

te
r2

4
cl

us
te

r9
cl

us
te

r8
cl

us
te

r1
1

cl
us

te
r1

cl
us

te
r1

0

Chromosome cluster

bp
_p

er
_b

lo
ck

_s
um

blocks

●

●

●
●
●

100

200

300

400

500

0.0

0.2

0.4

0.6

0.8

A
ss

ig
ne

d
U

na
ss

ig
ne

d

%
 o

f h
ap

lo
ty

pe
 a

ss
ig

ne
d 

re
ad

s

haplotype

H1

H2

none

7



Resulting phased assembly

QV 40.8 as estimated from 77 BACs
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Phasing validation using parents
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Universal Assembly Breaks

Assembly breaks shared by Peregrine and Canu

150/250 shared with trio-binned ONT assembly using Shasta

64/250 shared with T2T assembly of CHM13

10



Summary

Partitioning reads without reference and parent information

Haplotype-resolved assemblies N50 >25Mbp, QV >40

Also works with CLR (not shown here)

Universal assembly breaks shared across sequencing platforms
and assembly tools

Funding:
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Strand-seq can cluster contigs by chromosome
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Using Strand-seq to detect assembly errors
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