
125 bp

500 bp

Single-stranded libraries

A 

B 

Double Stranded Prep Single Stranded Prep

●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●
●

●
●

●●

●

●

●
●

●
●

●

●

●

●

●

●

●

●●

●

●

●

●

●

● ●

●
●

●

●

●

●

● ●

●

●

●

●

●

●

● ●

●●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●
●

●

●

●●

●

●

●●

●

●

●
●

●
●

●
●

● ●

●
●

● ●

●●

● ●

●●

● ●

●●

●
●

●●

● ●

●●

● ●

●●

● ●

●
●

●

●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

●
●

●●

●
●

●●

● ●

●●

● ●

●
●

●
●

●●

●

●

●
●

●
●

●

●

●

●

●

●

●

●●

●

●

●

●

●

● ●

●
●

●

●

●

●

● ●

●

●

●

●

●

●

● ●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●
●

●

●

●●

●

●

●●

●

●

●
●

● ●

●
●

● ●

●
●

● ●

●●

● ●

●●

● ●

●●

●
●

●●

● ●

●●

● ●

●●

● ●

●
●

●

●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

●
●

●●

●

●

●●

●

●

●●

●

●

●●

● ●

●●

●

●

●
●

●

●

●●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●●

●
●

●
●

● ●

●
●

● ●

●●

● ●

●●

● ●

●●

●
●

●●

●
●

●●

●
●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

●
●

●●

●
●

●●

● ●

●●

●

●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

●
●

●●

●
●

●●

● ●

●●

● ●

●
●

●
●

●●

●
●

●●

● ●

●

●

●

●

●

●

●

●

●

●

●

●●

●

● ●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●●

●

●

●
●

●

●

●

●

●

●

●●

● ●

●
●

●

●

●
●

●

●

●●

●
●

●●

● ●

●●

● ●

●●

●
●

●●

●
●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

● ●

●●

●

0.1

0.2

0.3

0.4

0.5

0.1

0.2

0.3

0.4

0.5

Five P
rim

e
Three P

rim
e

−20 −10 0 10 20 −20 −10 0 10 20
Position Relative to Fragment End (BP)

Fr
ac

tio
n 

of
 T

ot
al

 B
as

e 
C

om
po

si
tio

n

Base
A
C
G
T

Fragment Ligation Bias

125 bp

500 bp

Conventional libraries
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●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●
●

●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●●

● ●

●●

●
●

●
●

●
●

●

●

●

●

●●
●

●

●
●●

●
●●

●

●
●
●
●

●

●●
●

●

●●

●
●

●
●

●

●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●
● ●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

● ●

●
●

●
●

●
●
●

●

●
●

● ●

●
●
● ●

●
●

●

●

●

●

● ●
●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●
●

●

● ●

●

●

● ●
●

●

● ●
●

●

● ●

●

●

●
●

●

●

●
●

●

●

●
●

●

●

● ●

●

●

●
●

●

●

● ●

●
●

●

●
●
●

● ●

●

●

●

●

●●

●

●
●

●

●

●
●

●●

●

●

●

●
●

●

●

● ●

●
●

● ●

●
●

● ●
●
●

● ●
●
●

● ●
●
●

● ●
●
●

● ●
●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●
●

●

● ●
●

●

● ●

●

●

● ●
●

●

● ●

●

●

● ●

●

●

● ●

●

●

●

●
●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
●

●

●●
●

●

●●
● ●

●●
● ●

●●
● ●

●●
●

●

●
●
●

●
●●
●

●

●●●
●
●
●●

●

●

●●

●●

●

●

●

●●
●

●
●●
●

●

●●
●

●

●
●
●

●

●●
●

●
●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
●

●

●
●

●
●
●●

●
●
●●

●
●
●●

●
●

●●

●
●
●●

●
●
●●

●
●
●●

●
●
●●

●
●

●●

● ●

●
●

● ●

●●

●
●

●
●

●

●
●●

●

●
●
●

●
●

●
●

●
●

●●

●

●

●●●
●

●

●●

●

●

●●

●

●

●

●
●

●
●
●

●

●●

●

●

●
●
●

●

●
●

●
●

●●

●
●

●●

●

●
●●

●

●
●
●

●

●
●
●

●

●
●
●

●
●
●●

●
●
●●

●
●
●●

●
●
●●

●
●

●●

●
●
●●

●
●
●●

●
●
●●

●
●

●●

●

●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●
●

●

●
●

●
●

●
●

●
●

●
●

●
●

●●

●
●

●●

● ●

●●

●
●

●
●

● ●

●

●

●

●

●●
●

●

●
●●

●
●●

●

●
●
●
●

●

●●
●

●

●●

●
●

●
●

●

●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●
● ●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

● ●

●
●

●
●

●
●
●

●

●
●

● ●

●
●
● ●

●
●

●

●

●

●

● ●
●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●
●

●

● ●

●

●

● ●
●

●

● ●
●

●

● ●

●

●

● ●

●

●

●
●

●

●

●
●

●

●

● ●

●

●

●
●

●

●

● ●

●
●

●

●
●
●

● ●

●

●

●

●

●●

●

●
●

●

●

●●

●●

●

●

●

●
●

●

●

● ●

●
●

● ●

●
●

● ●
●
●

● ●
●
●

● ●
●
●

● ●
●
●

● ●
●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●
●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

●

●
●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
●

●

●●
●

●

●●
● ●

●●
● ●

●●
● ●

●●
●

●

●
●
●

●
●●
●

●

●●●
●
●
●●

●

●

●●

●
●

●

●

●

●●
●

●
●●
●

●

●●
●

●

●
●
●

●

●●
●

●
●●
● ●

●●
● ●

●●
●

●
●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
●

●

●
●

●
●
●●

●
●
●●

●
●
●●

●
●

●●

●
●
●●

●
●
●●

●
●
●●

●
●
●●

●
●

●●

● ●

●
●

● ●

●●

●
●

●●

●

●
●●

●

●
●
●

●
●

●
●

●
●

●●

●

●

●●
● ●

●

●
●

●

●

●●

●

●

●

●
●

●
●
●

●

●●

●

●

●
●
●

●

●
●

●
●

●●

●
●

●●

●

●
●●

●

●
●
●

●

●
●
●

●

●
●
●

●
●
●●

●
●
●●

●
●
●●

●
●
●●

●
●

●●

●
●
●●

●
●
●●

●
●
●●

●
●

●●

●

●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

● ●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●●

●
●

●●

●
●

●●

● ●

●●

● ●

●●

● ●

●
●

● ●

●●

● ●

●

●
●

●●

●

●

●

●●

●

●

●

●

●

●

●●

●

●

●●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

●
●

●
●

● ●

●
●

●
●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

●

●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●
●

● ●

●
●

●
●

●
●

●
●

●

●

● ●

●

●

●
●
●
●
●

●

●

●

●
●

●
●

● ●
●
●

●
●

●
●

● ●

●
●

● ●

●
●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

●

●
●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●

●
●
●
●● ●

●
●

●

●

●

●
● ●●●●

●
●●●

●

●●

●
●
●●
●

●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
●

●

●
●

●
●

●●

●
●

●●

●
●

●
●

●
●

●
●

●
●

●●

●
●

●
●

●
●

●
●

●
●

●●

●
●

●●

●
●

●●

●
●

●●

●
●

●●

●
●

●●

●
●

●●

● ●

●
●

●

●

●
●

●

●

●
●

●
●

●●

●

●

●●

●

●

●●
●

●

●
●

●

●

●●

●
●

●
●

●

●

●
●

● ●

●
●

●
●

●●

●

●

●●

●

●

●●

●

●

●●

●

●

●●

●
●

●●

●
●

●
●

●
●

●●

●
●

●●

●
●

●●

●
●

●●

●
●

●●

●
●

●●

●
●

●
●

●

●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

●
●

●
●

● ●

●
●

● ●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

● ●

●
●

● ●

●
●

●
●

●
●

● ●

●
●

●

●
●
●

●
●

●
●

●

●

●
●

●

●

●●
●

●

●
●
●

●

●●

●
●

●●

●

●

●
●

●
●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

● ●

●
●

●
●

●
●

●
●

●
●

● ●

●
●

● ●

●
●

●

●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●
●

● ●

●
●

●
●
●

●

● ●●

●

● ●

●
●

●

●●

●

●

●●

●

●

●

●

●

● ●

●

●

●
●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●
●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●
●

● ●

●

●

● ●

●

●

●

●
●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
●

●
●●
●

●●●
●

●
●●
●

●

●

●●

●
●
●●

●

●●
● ●

●●●

●

●●
●

●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
●

●

●●

●
●

●●

●
●

●●

●
●

●●

●
●

●
●

●
●

●●

●
●

●
●

●
●

●
●

●
●

●●

●
●

●●

●
●

●
●

●
●

●●

●
●

●
●

●
●

●●

●

●

●
●

●

●

●
●

●

●
●●

●

●●
●
●

●

●

●

●

●

●
●
●

●

●

●
●

●

●
●
●

●

●●

●
●

●●

● ●

●●

● ●

●●

●
●

●●

●

●

●●

●

●

●●

●

●

●
●

●
●

●
●

●
●

●●

●
●

●●

●
●

●●

●
●

●●

●
●

●●

●
●

●●

●
●

●
●

●
●

●●

●
●

●●

●

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

F
iv

e
 P

rim
e

F
iv

e
 P

rim
e

F
iv

e
 P

rim
e

F
iv

e
 P

rim
e

T
h
re

e
 P

rim
e

T
h
re

e
 P

rim
e

T
h
re

e
 P

rim
e

T
h
re

e
 P

rim
e

A
C

G
T

A
C

G
T

−20 −10 0 10 20 −20 −10 0 10 20
Position Relative to Fragment End (BP)

F
ra

c
ti
o

n
 o

f 
T
o

ta
l 
B

a
s
e

 C
o

m
p

o
s
it
io

n

Base
AA
AC
AG
AT
CA
CC
CG
CT
GA
GC
GG
GT
TA
TC
TG
TT

Fragment Ligation Bias (Dinucleotides)

Double Stranded Prep Single Stranded Prep

●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●
●

●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●●

● ●

●●

●
●

●
●

●
●

●

●

●

●

●●
●

●

●
●●

●
●●

●

●
●
●
●

●

●●
●

●

●●

●
●

●
●

●

●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●
● ●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

● ●

●
●

●
●

●
●
●

●

●
●

● ●

●
●
● ●

●
●

●

●

●

●

● ●
●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●
●

●

● ●

●

●

● ●
●

●

● ●
●

●

● ●

●

●

●
●

●

●

●
●

●

●

●
●

●

●

● ●

●

●

●
●

●

●

● ●

●
●

●

●
●
●

● ●

●

●

●

●

●●

●

●
●

●

●

●
●

●●

●

●

●

●
●

●

●

● ●

●
●

● ●

●
●

● ●
●
●

● ●
●
●

● ●
●
●

● ●
●
●

● ●
●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●
●

●

● ●
●

●

● ●

●

●

● ●
●

●

● ●

●

●

● ●

●

●

● ●

●

●

●

●
●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
●

●

●●
●

●

●●
● ●

●●
● ●

●●
● ●

●●
●

●

●
●
●

●
●●
●

●

●●●
●
●
●●

●

●

●●

●●

●

●

●

●●
●

●
●●
●

●

●●
●

●

●
●
●

●

●●
●

●
●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
●

●

●
●

●
●
●●

●
●
●●

●
●
●●

●
●

●●

●
●
●●

●
●
●●

●
●
●●

●
●
●●

●
●

●●

● ●

●
●

● ●

●●

●
●

●
●

●

●
●●

●

●
●
●

●
●

●
●

●
●

●●

●

●

●●●
●

●

●●

●

●

●●

●

●

●

●
●

●
●
●

●

●●

●

●

●
●
●

●

●
●

●
●

●●

●
●

●●

●

●
●●

●

●
●
●

●

●
●
●

●

●
●
●

●
●
●●

●
●
●●

●
●
●●

●
●
●●

●
●

●●

●
●
●●

●
●
●●

●
●
●●

●
●

●●

●

●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●
●

●

●
●

●
●

●
●

●
●

●
●

●
●

●●

●
●

●●

● ●

●●

●
●

●
●

● ●

●

●

●

●

●●
●

●

●
●●

●
●●

●

●
●
●
●

●

●●
●

●

●●

●
●

●
●

●

●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●
● ●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

● ●

●
●

●
●

●
●
●

●

●
●

● ●

●
●
● ●

●
●

●

●

●

●

● ●
●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●
●

●

● ●

●

●

● ●
●

●

● ●
●

●

● ●

●

●

● ●

●

●

●
●

●

●

●
●

●

●

● ●

●

●

●
●

●

●

● ●

●
●

●

●
●
●

● ●

●

●

●

●

●●

●

●
●

●

●

●●

●●

●

●

●

●
●

●

●

● ●

●
●

● ●

●
●

● ●
●
●

● ●
●
●

● ●
●
●

● ●
●
●

● ●
●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●
●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

●

●
●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
●

●

●●
●

●

●●
● ●

●●
● ●

●●
● ●

●●
●

●

●
●
●

●
●●
●

●

●●●
●
●
●●

●

●

●●

●
●

●

●

●

●●
●

●
●●
●

●

●●
●

●

●
●
●

●

●●
●

●
●●
● ●

●●
● ●

●●
●

●
●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
●

●

●
●

●
●
●●

●
●
●●

●
●
●●

●
●

●●

●
●
●●

●
●
●●

●
●
●●

●
●
●●

●
●

●●

● ●

●
●

● ●

●●

●
●

●●

●

●
●●

●

●
●
●

●
●

●
●

●
●

●●

●

●

●●
● ●

●

●
●

●

●

●●

●

●

●

●
●

●
●
●

●

●●

●

●

●
●
●

●

●
●

●
●

●●

●
●

●●

●

●
●●

●

●
●
●

●

●
●
●

●

●
●
●

●
●
●●

●
●
●●

●
●
●●

●
●
●●

●
●

●●

●
●
●●

●
●
●●

●
●
●●

●
●

●●

●

●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

● ●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●●

●
●

●●

●
●

●●

● ●

●●

● ●

●●

● ●

●
●

● ●

●●

● ●

●

●
●

●●

●

●

●

●●

●

●

●

●

●

●

●●

●

●

●●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

●
●

●
●

● ●

●
●

●
●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

●

●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●
●

● ●

●
●

●
●

●
●

●
●

●

●

● ●

●

●

●
●
●
●
●

●

●

●

●
●

●
●

● ●
●
●

●
●

●
●

● ●

●
●

● ●

●
●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

●

●
●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●

●
●
●
●● ●

●
●

●

●

●

●
● ●●●●

●
●●●

●

●●

●
●
●●
●

●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
●

●

●
●

●
●

●●

●
●

●●

●
●

●
●

●
●

●
●

●
●

●●

●
●

●
●

●
●

●
●

●
●

●●

●
●

●●

●
●

●●

●
●

●●

●
●

●●

●
●

●●

●
●

●●

● ●

●
●

●

●

●
●

●

●

●
●

●
●

●●

●

●

●●

●

●

●●
●

●

●
●

●

●

●●

●
●

●
●

●

●

●
●

● ●

●
●

●
●

●●

●

●

●●

●

●

●●

●

●

●●

●

●

●●

●
●

●●

●
●

●
●

●
●

●●

●
●

●●

●
●

●●

●
●

●●

●
●

●●

●
●

●●

●
●

●
●

●

●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

●
●

●
●

● ●

●
●

● ●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

● ●

●
●

● ●

●
●

●
●

●
●

● ●

●
●

●

●
●
●

●
●

●
●

●

●

●
●

●

●

●●
●

●

●
●
●

●

●●

●
●

●●

●

●

●
●

●
●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

● ●

●
●

●
●

●
●

●
●

●
●

● ●

●
●

● ●

●
●

●

●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●
●

● ●

●
●

●
●
●

●

● ●●

●

● ●

●
●

●

●●

●

●

●●

●

●

●

●

●

● ●

●

●

●
●

●
●

● ●

●
●

● ●

●
●

● ●

●
●

● ●
●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●

●

● ●

●
●

● ●

●

●

● ●

●

●

●

●
●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
●

●
●●
●

●●●
●

●
●●
●

●

●

●●

●
●
●●

●

●●
● ●

●●●

●

●●
●

●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
● ●

●●
●

●

●●

●
●

●●

●
●

●●

●
●

●●

●
●

●
●

●
●

●●

●
●

●
●

●
●

●
●

●
●

●●

●
●

●●

●
●

●
●

●
●

●●

●
●

●
●

●
●

●●

●

●

●
●

●

●

●
●

●

●
●●

●

●●
●
●

●

●

●

●

●

●
●
●

●

●

●
●

●

●
●
●

●

●●

●
●

●●

● ●

●●

● ●

●●

●
●

●●

●

●

●●

●

●

●●

●

●

●
●

●
●

●
●

●
●

●●

●
●

●●

●
●

●●

●
●

●●

●
●

●●

●
●

●●

●
●

●
●

●
●

●●

●
●

●●

●

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

F
iv

e
 P

rim
e

F
iv

e
 P

rim
e

F
iv

e
 P

rim
e

F
iv

e
 P

rim
e

T
h
re

e
 P

rim
e

T
h
re

e
 P

rim
e

T
h
re

e
 P

rim
e

T
h
re

e
 P

rim
e

A
C

G
T

A
C

G
T

−20 −10 0 10 20 −20 −10 0 10 20
Position Relative to Fragment End (BP)

F
ra

c
ti
o

n
 o

f 
T
o

ta
l 
B

a
s
e

 C
o

m
p

o
s
it
io

n

Base
AA
AC
AG
AT
CA
CC
CG
CT
GA
GC
GG
GT
TA
TC
TG
TT

Fragment Ligation Bias (Dinucleotides)

C 
Conventional libraries Single-stranded libraries

0.1

0.2

0.3

0.4

0.5

0.1

0.2

0.3

0.4

0.5

5’ endpoints

A 
C 
G 
T 

3’ endpoints

Position relative to fragment endpoint 
0 10 20 -20 -10 0 10 20 -20 -10 

Fr
ac

tio
n 

of
 n

uc
le

ot
id

es
 

Conventional libraries Single-stranded libraries

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

3’ endpoints
A

_ 
C

_ 
G

_ 
T_ 

5’ endpoints
A

_ 
C

_ 
G

_ 
T_ 

D 

0 10 20 -20 -10 0 10 20 -20 -10 

Position relative to fragment endpoint 

Fr
ac

tio
n 

of
 d

in
uc

le
ot

id
es

 
Fr

ac
tio

n 
of

 d
in

uc
le

ot
id

es
 

AA 
AC 
AG 
AT 

AA 
AC 
AG 
AT 

AA 
AC 
AG 
AT 

AA 
AC 
AG 
AT 

CA 
CC 
CG 
CT 

CA 
CC 
CG 
CT 

CA 
CC 
CG 
CT 

CA 
CC 
CG 
CT 

GA 
GC 
GG 
GT 

GA 
GC 
GG 
GT 

GA 
GC 
GG 
GT 

GA 
GC 
GG 
GT 

TA 
TC 
TG 
TT 

TA 
TC 
TG 
TT 

TA 
TC 
TG 
TT 

TA 
TC 
TG 
TT 


