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Marie Öhman2 and Merete Fredholm1

1Division of Genetics and Bioinformatics, IBHV and Center for Bioinformatics, The Royal

Veterinary and Agricultural University, Grønnegårdsvej 3, DK-1870 Frederiksberg C, Den-

mark
2Department of Molecular Biology & Functional Genomics, University of Stockholm, SE-

106 91 Stockholm, Sweden

1



1
Sequence

profiles
of

5’
and

3’
arm

s

F
igure

S1:
T

he
sequence

profiles
various

organism
s.

L
eft

colum
n

represent
5’

arm
m

otifs.
R

ight
colum

n
represent3’

arm
m

otifs.T
he

scales
are

arbitray.

0.0

0.2

0.4

bits|
-35 A U

G C

-34 

U

A

G

C

-33 U A

C G

-32 

C GU

A

-31 U A

C G

-30 

A

C
U

G

-29 U A G C

-28 

A U

C G

-27 A U

C G

-26 A U

G C

-25 U A

C G

-24 U C

A G

-23 U

A G C

-22 U C

A G

-21 U C G

A

-20 

C G

A
U

-19 C A

G U

-18 

C U

A G

-17 G

A C U

-16 

C G U

A

-15 G A

U C

-14 C A

G U

-13 A U C G
-12 A

G

U

C

-11 A

C

U

G

-10 A G U

C

-9 A U G

C

-8 A G U C

-7 A G

U C

-6 A

C U G

-5 A

C G U

-4 A U C G

-3 C U

A G

-2 A

C

U

G

-1 A U

C G

0 G A C U
1 

C U

A G

2 C G

A U

3 G A U

C

4 

G

CA

U

5 

C U

A G

6 C G U

A

7 G A

C U

8 A C

G U

9 C U

A G

10 

AC
U

G

11 U

C

G

A

12 

C

AG

U

13 

C A

U G

14 U C

G A
15 G U

A C
16 G A

C U

17 C G A U
18 C A G U

19 A C

G U

20 A C G

U

21 A C

U G

22 A C G U

23 C A G U
24 C A G U

25 C A

U G

26 G A

C U

27 G

C A U

28 G C

A U

29 G C

A U

30 

G C

A U

31 C G

A U

32 C G U

A

33 G C U

A

34 G U C A

35 G C U

A |
0.0

0.2

0.4

bits|
-35 

A

C

G

U

-34 

C U

A G

-33 C

A

U

G

-32 C G A U

-31 

A C

G U

-30 

A

C

U

G

-29 U C

A G

-28 C G U

A

-27 G

C

U

A

-26 A C U

G

-25 A U

C G

-24 C A U

G

-23 A U

C G

-22 A G

C U

-21 

A

G

C U

-20 

A C

G U

-19 

C

AG
U

-18 A C G U

-17 C A

G U

-16 G A C

U

-15 C A

G U

-14 C A

G U

-13 A G C U

-12 A C G

U

-11 C G A

U

-10 C G

A U

-9 G C

A U

-8 G

C A U

-7 C G U A

-6 C U G A

-5 C G U A

-4 C U G A

-3 G

C U A

-2 U

C G A

-1 U C A G

0 C G A U

1 G

C U A

2 G U

C A

3 C U

G A

4 

C U

A G

5 A U G C

6 U G

A C

7 A G

C U

8 G

A C U

9 A

G C U

10 A G U

C

11 A G

C U

12 C A

G U

13 G C

A U

14 G

C

U

A

15 G C

A U

16 

U

C A G

17 

C U G

A

18 A U

C G

19 A

C

G

U

20 

C A

G U

21 A C G U

22 G C A U

23 

A G

C

U

24 G A U

C

25 

C

A
G

U

26 A U C G

27 A C

G U

28 C

A U G

29 A C

G U

30 U

A C G

31 C U

G A

32 U

A G C

33 C U G

A

34 G U A C

35 G

C U A |
0.0

0.2

0.4

0.6

bits|

-35 

A C U

G

-34 

U G

A C

-33 U A G

C

-32 G C

U A

-31 C U

A G

-30 G U C

A

-29 U G

A C

-28 A U C G

-27 A G

C U

-26 G U A C

-25 A G

C U

-24 

A
G

C

U

-23 G U

A C

-22 U A

C G

-21 U G

C A

-20 G C A U

-19 U A

C G

-18 C G

A U

-17 G A

U C

-16 
-15 G U

C A

-14 C G A U

-13 U A C G

-12 A U G C

-11 

A

C U G

-10 G A U C

-9 A

U G C

-8 A C G U

-7 A

G C U

-6 

A C

U G

-5 A

C U G

-4 A U G C

-3 
-2 A G

U C

-1 A C U

G

0 G C A U

1 C U G A

2 

U G

C A

3 U G A C

4 U C G

A

5 A

C U G

6 C G

U A

7 G

A C U

8 C A G

U

9 G

A C U

10 G U

C A

11 G C

A U

12 G C U

A

13 A C

U G

14 

C G

U A

15 G C

U A

16 G A

U C

17 C G A U

18 A C U G

19 C A

U G

20 A

C U G

21 C G A U

22 A C U G

23 C A G U
24 C A U G

25 C

G A U

26 C U

G A

27 C A G U

28 G C A U

29 C G A U

30 

A C

U G

31 C G

A U

32 C G

U A

33 U G

A C

34 G U C A

35 C G

A U |
0.0

0.2

0.4

0.6

bits|
-35 A G

C U

-34 A U

C G

-33 C A G U
-32 G C A U
-31 A G

C U
-30 G

C A U
-29 A U G C
-28 A G C

U
-27 C G

A U
-26 A C

U G
-25 A C

G U
-24 C A U G
-23 C U A G
-22 C G

A U

-21 A C

G U

-20 U A C G

-19 C A U

G

-18 A G

U C

-17 A G C

U

-16 C G A U

-15 A U

C G

-14 C

A U G

-13 C G A U

-12 

A G U

C

-11 A G

C U

-10 G C

U A

-9 A C

G U

-8 G A U

-7 G U C A

-6 C U A G

-5 A G U

C

-4 

U C A

-3 A G

C U

-2 U G C A

-1 C

A G U

0 C A U

1 

A
G

CU

2 G A

U C

3 U C G A

4 U G A C

5 G U C A

6 U C G A

7 A G

C U

8 A G

C U

9 A C U

G

10 A G U C

11 C G U

A

12 C A U G

13 C U G A

14 U C G A

15 G C U A

16 C A G U

17 A G

C U

18 A

C U G

19 U G

C A

20 

A G

C U

21 

A

G

C

U

22 U G A C

23 U C G

A

24 

A G U

C

25 A U C G

26 A U

G C

27 U A C G

28 U

C G A

29 A G U

C

30 A G U

C

31 A G

U C

32 U A G C

33 A G U C

34 G U A C

35 G U

C A |
0.0

0.2

0.4

bits|

-35 

U

C A G

-34 

C

A

U

G

-33 U A

G C

-32 

A U

C G

-31 G U

A C

-30 

A U

C G

-29 C A

G U

-28 U A G

C

-27 A U

G C

-26 A U G

C

-25 A G U

C

-24 

A

C
G

U

-23 U

A C G

-22 U

A

G

C

-21 A U

C G

-20 

A G U

C

-19 

A G

C U

-18 

G

A
C U

-17 G

A

U

C

-16 U G

A C

-15 A G

U C

-14 A C

G U

-13 U A C G

-12 A

G

U

C

-11 A U C

G

-10 G A

C U

-9 A U G C

-8 A G

C U

-7 A G U

C

-6 C A U

G

-5 A G

U C

-4 A U

C G

-3 

C U

A G

-2 A C

G U

-1 U A

C G

0 G C A U

1 C U

G A

2 

A G

C

U

3 

A G

C U

4 

C

A

U

G

5 

C

A

U

G

6 C U

G A

7 G A

C U

8 G C

A U

9 

G

C A U

10 U A

C G

11 

A
G

C
U

12 

A

C G U

13 C

A

U

G

14 

CG

A
U

15 G

C A U

16 A G

C U

17 C G A

U

18 C A G U

19 A C U G

20 

A C

G U

21 A C

U G

22 C A

G U

23 C A G U

24 C A G U

25 C

A

U

G

26 G A

C U

27 G

C A U

28 G A C U

29 G

A C U

30 C G A

U

31 C G

A U

32 C G U

A

33 C U

G A

34 C G U

A

35 

G

C A U |
0.0

0.2

0.4

bits|
-35 

C

A

U

G

-34 A C U

G

-33 C A

U G

-32 C

A G U

-31 A G

U C

-30 A G

C U

-29 

C

G U

A

-28 A

C

G

U

-27 A U G

C

-26 A U

C G

-25 A

C G U

-24 A C

G U

-23 

C A U

G

-22 C

A

G

U

-21 

A

U

C G

-20 

AC U

G

-19 

C U

A G

-18 A C G

U

-17 C A G

U

-16 C

A

G

U

-15 A C

G U

-14 C A G

U

-13 A C G

U

-12 

C G

A U

-11 G

A C U

-10 C G

A U

-9 G C

A U

-8 G A

C U

-7 C G

A U

-6 C U A G

-5 C U

G A

-4 C U G A

-3 A G

C U

-2 C U

A G

-1 U

C A G

0 G C A U
1 G C U A

2 G U

C A

3 U

C

G

A

4 U

C

G

A

5 G

A U C

6 U G C A

7 

A

C

G

U

8 

C G

A U

9 A U

C G

10 U G

A C

11 U

C A G

12 C

A G U

13 G

C U A
14 G U

C A

15 G

A C U

16 G A U C
17 

A

G

C U

18 A U G

C
19 A G

C U
20 A C U

G
21 C A G U
22 G A C U
23 

A C

G

U

24 

A G U

C

25 

A C

U G

26 A U

C G

27 A C

U G

28 U C

A G

29 G

A

U

C

30 A U

C G

31 C U

G A

32 U G A C

33 G U A C

34 U

C

G

A

35 A G

C U |
0.0

0.2

0.4

bits|

-35 

A

CG

U

-34 

A
G

C

U

-33 A U

G C

-32 U A

G C

-31 U G

C A

-30 A C U

G

-29 A U

C G

-28 

U G

A C

-27 U A G

C

-26 U G A C

-25 G

A

U

C

-24 U

A G C

-23 U

A G C

-22 U

A G C

-21 A U

C G

-20 

ACG

U

-19 

ACG

U

-18 

A
G

CU

-17 G C

A U

-16 U G

A C

-15 G

A C U

-14 A C G

U

-13 A U C G

-12 A

U G C

-11 A C

U G

-10 

A
G
U

C

-9 A G

U C

-8 A G C

U

-7 A

G U C

-6 

A U C

G

-5 A U

G C

-4 A U

C G

-3 U C

A G

-2 A C

G U

-1 A U

C G

0 G C A U

1 C U

A G

2 

C

A

U

G

3 

A G U

C

4 C U

A G

5 

C

A G U

6 C G U

A

7 G A

C U

8 G A C U

9 

C G

A U

10 U A G

C

11 G A

C U

12 A G

C U

13 C A

G U

14 

C U

G A

15 G C

A U

16 A G C

U

17 C A G U

18 C A G U

19 A C U G

20 A C

G U

21 C A

G U

22 C A G U

23 A C G U

24 C A G U

25 
C A

U G

26 G U

C A

27 G

A U C

28 G A

C U

29 G C

A U

30 C A G

U

31 G C

A U

32 

U G C

A

33 G C U A

34 U C

G A

35 

G C

A U |
0.0

0.2

0.4

bits|

-35 U

C A G

-34 C

A

U

G

-33 C

A G U

-32 C A G U

-31 A G U

C

-30 

A

G C

U

-29 

A

G

C

U

-28 

A

C G U

-27 

A

C

G

U

-26 

A

C

U

G

-25 A C

U G

-24 C A

G U

-23 A C

U G

-22 A

C

G

U

-21 U G

C A

-20 A C

U G

-19 C

A U G

-18 A C G

U

-17 C A G

U

-16 C

A

G

U

-15 A C G U

-14 C

A

G

U

-13 C G

A U

-12 

A G

C U

-11 A G

C U

-10 C G

A U

-9 G

A C U

-8 A G

C U

-7 U C G

A

-6 C U G A

-5 C

A

U

G

-4 G C U A

-3 G

A C U

-2 U

A C G

-1 U

A C G

0 G C A U

1 G U C A

2 G

C A

U

3 G U C A

4 U G C A

5 G U A C

6 G U

C A

7 

A

G

C U

8 

A G

C U

9 A U

C G

10 U A

C G

11 C U

G A

12 C U

A G

13 C G A U

14 U G C A

15 G

A U C

16 G A

C U

17 G

A C U

18 A U G C

19 A G

C U

20 A C

U G

21 A C

G U

22 G A C U

23 

A

G

C U

24 A U

C G

25 

A

G U

C

26 A U

C G

27 A C

U G

28 U

C A G

29 

AC

G U

30 

A

U G

C

31 U

C A G

32 U G A C

33 U G

A C

34 G U

C A

35 G

A C U |
0.0

0.2

0.4

0.6

bits|

-35 G U

C A

-34 A G U

C

-33 A

C

U

G

-32 U A C

G

-31 G A U C

-30 A G U

C

-29 U

G A C

-28 C U

A G

-27 G U

A C

-26 U A G C

-25 

G U

C A

-24 

C

G

U

A

-23 A U

C G

-22 
G A

U C

-21 G

A C U

-20 
G C A

U

-19 A

C U G

-18 

A C

G U

-17 G U

C A

-16 A G

C U

-15 A C

U G

-14 A C

G U

-13 U A C G

-12 A

G C U

-11 A C U

G

-10 A U

C G

-9 A C G U

-8 A G C U

-7 A G C U

-6 A

G C U

-5 A

C G U

-4 A U G C

-3 G A U

C

-2 C A G U

-1 A U

G C

0 G C A U

1 C U

G A

2 

A

GC

U

3 

G C U

A

4 C U

A G

5 

A C

G U

6 

C

A

U

G

7 G C A

U

8 C G A U

9 C G

A U

10 

C

G A
U

11 G C

U A

12 C G

A U

13 C A U

G

14 

U

G C A

15 G C

U A

16 A G

C U

17 C G A U

18 C A G U

19 A C U G

20 A C G U

21 C A U G

22 A C U G

23 C A G U

24 C

G A U

25 C

G

U

A

26 C G

U A

27 G

C U A

28 G

C A U

29 G C

U A

30 G

C U A

31 C U

G A

32 G

A C U

33 G

C U A

34 G U

C A

35 G U

A C |
0.0

0.2

0.4

0.6

bits|

-35 A C

G U

-34 A C

G U

-33 C A G U

-32 G C A U

-31 G A U C

-30 C G

A U

-29 C

A

G

U

-28 

CA

G

U

-27 G

C

U

A

-26 

A

C

G

U

-25 C U A G

-24 C A U G

-23 

C

A

U

G

-22 U

C G A

-21 A G U C

-20 C G U

A

-19 C G U

A

-18 G C

A U

-17 C

A G U

-16 

C

A

G

U

-15 C A

G U

-14 C A

G U

-13 G A

C U

-12 C G

U A

-11 C

A

G

U

-10 C G A U

-9 G

C A U

-8 G

A C U

-7 C G

A U

-6 U C G A

-5 G C A U

-4 G U C A

-3 G C

A U

-2 U C

G A

-1 U

A G C

0 G C A U

1 C U G

A

2 C U

A G

3 C G

A U

4 U C

A G

5 A G U C

6 U G

C A

7 C A G

U

8 G A

C U

9 

CA

G U

10 G U

C A

11 U C G A

12 C U

G A

13 C U G

A

14 C G U A

15 G

A C U

16 G

C A

U

17 

A

C

U

G

18 U C A

G

19 A G

C U

20 

C A

G U

21 C U

G A

22 G

A C U

23 C G U

A

24 A C U

G

25 C

A

U

G

26 U C A G

27 A C U

G

28 A C U

G

29 C U

A G

30 A U

C G

31 A C U

G

32 A U

G C

33 U

C

G

A

34 U G A C

35 C A G

U |

5
’
h
sa

3
’
h
sa

5
’
m

m
l

3
’
m

m
l

5
’
m

m
u

3
’
m

m
u

5
’
rn

o
3
’
rn

o

5
’
g
g
a

3
’
g
g
a

2



0.0

0.2

0.4

0.6

bits|
-35 G

C

U

A

-34 C A U

G

-33 A

C U G

-32 

C G

A U

-31 C A

U G

-30 U A

C G

-29 C G U A

-28 U

C A G

-27 C G

A U

-26 C

A

G

U

-25 U

A C G

-24 

C

A G U

-23 C A U

G

-22 C G U

A

-21 G

C

U

A

-20 C

A

U

G

-19 C

G A U

-18 G

C

U

A

-17 

C

A

G

U

-16 C G

A U

-15 G A

C U

-14 C G

A U

-13 A U C G
-12 

A

C G U

-11 A U

C G

-10 A U

G C

-9 A

C G U

-8 A G C U
-7 A G U C
-6 C

A G U

-5 A U G C
-4 C A U

G

-3 A U

C G
-2 C A

G U
-1 

C

A

G

U

0 G A C U
1 U C G A
2 G

C

U

A

3 

U

C

G

A

4 

U

C A G

5 

C A U

G

6 

C G

A

U

7 G C A U

8 C A

G U

9 G

C A U

10 

G

C

U

A

11 G U

A C

12 C G

A U

13 U

A C G

14 C U

G A

15 G C U A

16 G

A C U

17 C

A G U

18 C A

G U

19 A

C U G

20 A C

G U

21 C A U G

22 C A

G U

23 C A G U

24 C A U G

25 C

G U A

26 

C G

A U

27 C

A

G

U

28 A G

C U

29 G

A C U

30 C G

A U

31 

C

AG
U

32 U

C G A

33 G

A C

U

34 U G

A C

35 G

C

U

A |
0.0

0.2

0.4

0.6

bits|
-35 

A G

C U

-34 C A

G U

-33 A G

C U

-32 A G

C U

-31 G C A U

-30 G

A C U

-29 C G

A U

-28 

C

A G U

-27 

G

A C U

-26 C

G U A

-25 A C U

G

-24 

C

A

U

G

-23 

G

C A

U

-22 U

A C G

-21 G A

C U

-20 C A

G U

-19 

C

A G

U

-18 C

G A U

-17 A C

G U

-16 C G U

A

-15 C

A G U

-14 C A G U

-13 

G

A C

U

-12 

A

G

C
U

-11 G A C U

-10 A G U

C

-9 G

A C U

-8 C G

A U

-7 U C A G

-6 G C U A

-5 G C

A U

-4 

C

AG

U

-3 G A

C U

-2 C G

A U

-1 U

A G C

0 G C A U

1 C U G A

2 U

C G A

3 C U

G A

4 U C A G

5 A G U C

6 G U

C A

7 A C

G U

8 C A G U

9 C U

A G

10 G

A C U

11 U C G A

12 C U

G A

13 C G U A

14 C U G A

15 C G U

A

16 

G

A C U

17 C U

A G

18 U A

C G

19 A G

C U

20 C G

A U

21 C U

G A

22 G U A C

23 

A

C

U

G

24 C U

A G

25 C

A

U

G

26 U C A G

27 U C

A G

28 

A

C

U

G

29 U C A G

30 U A G C

31 C G U

A

32 U A

C G

33 G U

C A

34 G U

C A

35 G

C

U

A |
0.0

0.2

0.4

0.6

bits|

-35 A U G C

-34 C U

G A

-33 

C A U

G

-32 U

A G C

-31 A G

C U

-30 C A

G U

-29 U

A C G

-28 A U

G C

-27 G U

C A

-26 C U

A G

-25 A U

G C

-24 U A G C

-23 C G

A U

-22 U A G C

-21 G U

C A

-20 C U

A G

-19 A C U G

-18 G U

A C

-17 G A

C U

-16 A G

U C

-15 A G

C U

-14 A G C U

-13 A U C G

-12 A G

U C

-11 A U G C

-10 A U

C G

-9 A

C G U

-8 

U C G

-7 A G

C U

-6 C A U G

-5 A G

U C

-4 A C

G U

-3 A U

C G

-2 C A G U

-1 

U

A G C

0 G C A U
1 C U G A

2 A U

C G

3 

G C

A U

4 C A U

G

5 A C G U

6 

C U

G A

7 G A

C U

8 A C G

U

9 C G U

A

10 

CU

G A

11 G U

C A

12 G C

U A

13 U

A G C

14 

C U

A G

15 C U

G A

16 G A C U

17 C G

A U

18 C A G U
19 A C U G

20 A C

G U

21 C

A U G

22 C A U G

23 C A G U
24 A C

G U

25 C G

U A

26 

C G U

A

27 C G A U

28 G A

U C

29 A G C U

30 A C

G U

31 

C G

A U

32 

C A G

U

33 G U C A

34 U C G A

35 G A

C U |
0.0

0.2

0.4

0.6

bits|
-35 A U G C

-34 A C

U G

-33 G C A

U

-32 G A

C U

-31 A C G

U

-30 G C A U

-29 

C A

U G

-28 U C

G A

-27 G

A U C

-26 

C U G

A

-25 C A

U G

-24 C A

G U

-23 A U

C G

-22 G A U

C

-21 

A G

C U

-20 C

A

U

G

-19 U C

A G

-18 G

C U A

-17 C A

G U

-16 C G

A U

-15 A C U

G

-14 C G A U

-13 U G A C

-12 G

C A U

-11 C G A U

-10 G

C A U

-9 G C A U

-8 G

C

U

A

-7 U

C

G

A

-6 

C

G

A

U

-5 C U

G A

-4 

A C

U G

-3 G C U A

-2 C U G A

-1 U

A C G

0 G C A U

1 C U G

A

2 U

C A G

3 

C G

A

U

4 C U

A G

5 A U G C

6 G U

C A

7 

A

C

G

U

8 G A C U

9 C G U

A

10 G

C A U

11 C U

A G

12 C U

G A

13 C U G A

14 C U G A

15 C G U

A

16 

G

A C U

17 U C

A G

18 A U

G C

19 G A

C U

20 C U

A G

21 

C

A G U

22 G A

U C

23 A G U

C

24 A C

U G

25 C A U G

26 C A U G

27 A U C G

28 

C

A G U

29 C A U

G

30 A U

G C

31 U C

A G

32 U

A C G

33 U G

C A

34 

G

C A U

35 G A U C |
0.0

0.2

0.4

0.6

0.8

bits|

-35 

A G

C U

-34 

A G

U C

-33 

A U

G C

-32 U A G C

-31 A U

G C

-30 G A

C U

-29 U

A G C

-28 A U

G C

-27 

AC

G U

-26 

C U

A G

-25 A G

U C

-24 U G

A C

-23 C G A

U

-22 A

C U G

-21 A U

G C

-20 U A

G C

-19 

A U

G C

-18 U A

G C

-17 A G

C U

-16 A G

C U

-15 

A G

C U

-14 G A

C U

-13 A U C G

-12 A G

C U

-11 A U C G

-10 A

U G C

-9 A U

C G

-8 A

G C U

-7 A G

C U

-6 C A

U G

-5 A G

U C

-4 A C U

G

-3 A U

C G

-2 C A

G U

-1 

A
U

G
C

0 A C U

1 C U G A

2 

A U

G C

3 

C G

A U

4 C A U

G

5 A C

G U

6 

C

A

U

G

7 G A C

U

8 A C G

U

9 G C

A U

10 

C

AG
U

11 G U

A C

12 G C

A U

13 

U A

G C

14 

C U

A G

15 C U G

A

16 G A C U

17 C G A

U

18 C A G U

19 A C

U G

20 A C G U

21 C

A U G

22 C A U

G

23 C A G U

24 A C

G U

25 G C

U A

26 

C G

A U

27 C G A

U

28 G C

A U

29 A G

U C

30 

G C

A U

31 C G

U A

32 G C

U A

33 G U

C A

34 U G C A

35 G C A

U |
0.0

0.2

0.4

0.6

bits|
-35 A U

G C

-34 C A

G U

-33 G A C U

-32 G A C U

-31 G A C

U

-30 G C

A U

-29 

A G C

U

-28 C

A

U

G

-27 A G U

C

-26 C

A

U

G

-25 A C U

G

-24 C A

G U

-23 U

A C G

-22 A G U

C

-21 G A

C U

-20 C

A G U

-19 

A C

G U

-18 C G

A U

-17 C A

G U

-16 G C A U

-15 C A U

G

-14 C G

A U

-13 A U G

C

-12 G

A C U

-11 G C A U

-10 G

C A U

-9 G C

A U

-8 C U G

A

-7 U

C G A

-6 G A C

U

-5 

C

A

U

G

-4 

U

A C G

-3 G

C

U

A

-2 C

G U A
-1 U

A G C
0 G C A U
1 C U

G A

2 U

C A G
3 

C G

A

U

4 C U

A G
5 A U G C
6 G U

C A
7 

A C G

U
8 A G C U
9 

C

A

U

G

10 G

A C U

11 C U

G A

12 C U

G A

13 C U G A
14 C U G A

15 C G U

A

16 

A

C
G

U

17 C U

A G

18 A U

G C

19 G A C U

20 C

G A U

21 C G U

A

22 G A

C U

23 

A

C

U

G

24 A C

U G

25 C

A

U

G

26 U C A G

27 A U C G

28 A G U

C

29 A C U G

30 A U

G C

31 U C

A G

32 U

A G C

33 U G

C A

34 C U

G A

35 G

A U

C |

5
’
d
re

3
’
d
re

5
’
fru

3
’
fru

5
’
tn

i
3
’
tn

i

3



0.0

0.2

0.4

bits|
-35 

G

C A U

-34 C

G

U

A

-33 C G U A

-32 C

G

U

A

-31 A G U C

-30 C U

G A

-29 G

C

U

A

-28 G U C A

-27 G A

C U

-26 U C A G

-25 

C G

A U

-24 C A

G U

-23 

G

A

C U

-22 U

C

A

G

-21 G C

U A

-20 G

C

U

A

-19 G

C

U

A

-18 G C A U
-17 G U A C

-16 G

C

U

A

-15 

C G

U

A

-14 C

G

A

U

-13 C A U G
-12 C A U G

-11 A

C U G

-10 A

C G U
-9 G

A C U
-8 G A C U
-7 A

C G U
-6 C A U G
-5 G A U C
-4 C A U

G

-3 

C G

U

A

-2 C

G A

U

-1 C G U A
0 G C A U
1 U

C A G
2 C

G A U
3 

G

A

C

U

4 C A G U

5 C

G U A

6 C

G A U

7 G A U

C

8 G C A U
9 U

C G A

10 

G

C

A

U

11 A

G C U

12 A U G C

13 C U A G

14 

C

U

A G

15 U C G A

16 C G A

U

17 

C G

A U

18 A U G C

19 C G A

U

20 C A U G

21 C U A G

22 A C U G

23 C A G U

24 C A G U

25 A C G U

26 C G

A U

27 A G C U

28 G C A U

29 G C

U A

30 C G

U A

31 G A U C

32 G

C A U

33 G A U C

34 G

C

U

A

35 C G U A |
0.0

0.2

0.4

0.6

0.8

1.0

1.2

bits|
-35 

C A

G U

-34 A U

G C

-33 A U

C G

-32 

G A

C U

-31 C G A

U

-30 

A

C

U

G

-29 

A U

C G

-28 

AG

C U

-27 

A

C G

U

-26 A

G C U

-25 A G

C U

-24 U

C

A

G

-23 

C

A

U

G

-22 U A

C G

-21 G U

A C

-20 A

G

U

C

-19 G C

U A

-18 

C
A

G U

-17 

C U

G A

-16 C G U

A

-15 A C G U

-14 A C

G U

-13 

A G

C U

-12 G A

C U

-11 C G

A U

-10 G C

A U

-9 G C

A U

-8 

G

C A U

-7 C G

U A

-6 G

C U A

-5 U C

G A

-4 G A U

C

-3 G

A C U

-2 

G

C A U

-1 U

A C G

0 A G C

U

1 U C

A G

2 U G A

3 U

C A G

4 C U

G A

5 A G

U C

6 U A G C

7 G U

C A

8 G U A

C

9 G

A U C

10 C G

U A

11 

C A G

U

12 

G

C

U

A

13 

G A

C

U

14 

C G

U

A

15 

A U

C G

16 

C A

G U

17 

A

G C

U

18 A U G C

19 A

C G U

20 U

C G A

21 

G A

C U

22 

C

A G U

23 

C A U

G

24 

C

G A U

25 U G

C A

26 U

G C A

27 

C A U

G

28 

CA

G U

29 A U

C G

30 

C A

G U

31 A U

C G

32 G U

C A

33 U

C G A

34 G C

U A

35 

G C

A U |
0.0

0.2

0.4

0.6

bits|

-35 C

A G U

-34 U C G A

-33 G U C A

-32 A U C G

-31 G C U A

-30 

C

U A

G

-29 G A

C U

-28 C G A U

-27 

G

C

A

U

-26 

G

C

A

U

-25 C G U A

-24 

C

G A

U

-23 C U

A G

-22 G C

A U

-21 

C

G

A

U

-20 G A

C U

-19 C G U

A

-18 G A U C

-17 G U

A C

-16 C G

A U

-15 A U

G C

-14 C A

G U

-13 C U A

G

-12 C A U

G

-11 A

C G

U

-10 A

G C U

-9 G A C U

-8 G A

C U

-7 A C

G U

-6 C U A G

-5 G A U C

-4 A

C U G

-3 C U

G A

-2 

C G

A
U

-1 G C A U

0 C G

A U
1 C U A G

2 C G

A U

3 A

G C

U

4 C A G U

5 C

G A U

6 C G

A U

7 G A U

C

8 G C A

U

9 C U

G A

10 

CG A

U

11 A

C G U

12 A U G C

13 C U A G

14 C

G

U

A

15 C G U A

16 C G A

U

17 C G A

U

18 A

G C

U

19 C A G

U

20 C A

G U

21 C U

G A

22 A C U G

23 A C

G U

24 C A

G U

25 C A G U
26 C A

G U

27 C A G U
28 G

C A U

29 G C

A U

30 G

C

U

A

31 G

C A U

32 C G

U A

33 G A U C
34 U

G C A

35 C G U A |
0.0

0.2

0.4

0.6

0.8

1.0

1.2

bits|
-35 

C A

U

G

-34 C U

A G

-33 A

C G U

-32 G A U

C

-31 

A

C

U

G

-30 C G U

A

-29 A U

C G

-28 

A

C G

U

-27 U

C A G

-26 A U

G C

-25 C A G

U

-24 

C

A G

U

-23 C U

A G

-22 G U

A C

-21 

U

A G C

-20 C G U

A

-19 

C G

A U

-18 

C G

U A

-17 

C A

G U

-16 

C U

G A

-15 C A

G U

-14 A G

C U

-13 C A G

U

-12 C G

A U

-11 C G A

U

-10 C G

A U

-9 C G A U

-8 G

C A U

-7 C G U A

-6 G

C

U

A

-5 C U

G A

-4 G A U

C

-3 G

C A U

-2 

G

C A U

-1 U

A C G

0 C A U
1 C U

A G

2 U G A

3 U

C A G

4 C U

G A

5 A G U

C

6 U

A C G

7 

C

U G

A

8 

A G

C

U

9 G

A C U

10 C G

U A

11 

C A G

U

12 

G

C A

U

13 

G

C

U

A

14 

G

C A

U

15 

C

A G

U

16 

C G

A U

17 

C

U

GA

18 A

G U C

19 A

C G U

20 U

C G A

21 

G

C A U

22 

C

G A U

23 

C G

A
U

24 

C

G A U

25 U

C G A

26 U

C G A

27 C A U

G

28 

C

A G

U

29 C A U

G

30 

C G

A U

31 A U

C G

32 U

C G A

33 G U

C A

34 G U C A

35 G

C

U

A |
0.0

0.2

0.4

0.6

bits|

-35 G A C U

-34 A G U C

-33 G A C U

-32 G C A U

-31 C G A U

-30 G C A U

-29 G A

C U

-28 G

A C U

-27 C G

U A

-26 

U C

A G

-25 G C A U

-24 G C A U

-23 G A C U

-22 C

A G U

-21 

A G U

-20 G A

C U

-19 

G U

A C

-18 U G C A

-17 C G U A

-16 U G

C A

-15 U G

A C

-14 A U G

C

-13 U G C A

-12 U G A C

-11 G C

U A

-10 G A U C

-9 

C U

A G

-8 G A U C

-7 A G U C

-6 A C U G

-5 A G U

C

-4 U

A G C

-3 C

A G U

-2 A C U G

-1 A G

U C

0 G C A U

1 C U G A

2 G U C

A

3 U A C

G

4 G C

U A

5 A C U G

6 C G U A

7 

AGC

U

8 G C

U A

9 A C U G

10 A U

G C

11 C G A U

12 

AC U

G

13 G U C

A

14 C U G A

15 U A C G

16 

G A

C U

17 C A G U

18 

U G C

A

19 A C G U

20 C A

U G

21 C U A G

22 A U G C

23 C G A U

24 C A

G U

25 

G C
U

A

26 A G C U

27 G C

U A

28 G U

C A

29 U G

C A

30 G U C A

31 C G

A U

32 C U G A

33 G C A U

34 C G

U A

35 U G

C A |
0.0

0.2

0.4

0.6

0.8

bits|
-35 A

G C U

-34 

C A

G U

-33 

C A

G
U

-32 A G U

C

-31 G A U

C

-30 

C A

G U

-29 C G

U A

-28 C A

G U

-27 A

G C

U

-26 G

C A U

-25 G A

C U

-24 G C

A U

-23 

G

C A

U

-22 C

G U A

-21 C G U

A

-20 G C

U A

-19 

C G
U

A

-18 G U A C

-17 G A U

C

-16 G C U A

-15 
CG

A U

-14 G U

C A

-13 G

A U C

-12 C U

G A

-11 C U

G A

-10 

C G U

A

-9 C

A G U

-8 G C A

U

-7 C G U

A

-6 C G A U

-5 

C A

G

U

-4 C A U

G

-3 

G

C

U

A

-2 C A G

U

-1 U C G A
0 C G A U
1 C U

G A

2 G U C A
3 G A U

C
4 C G U A
5 A C U

G
6 A U C G
7 

C G A

U

8 C G

A U
9 G U A

C

10 G A C U
11 

CG A

U

12 C U

A G

13 C U

G A

14 G C

U A

15 U

C A G

16 G A C

U

17 A U

G C

18 U A

C G

19 A G U

C

20 U

C G A

21 

C A

G

U

22 C A U G

23 

C G U

A

24 A U G C

25 A

C

U

G

26 

GC A

U

27 C

A G U

28 C

G

U

A

29 

A G

C

U

30 

C G

A U

31 C A

G U

32 G C

U A

33 C A

G U

34 G A

C U

35 C A U G |
0.0

0.2

0.4

bits|

-35 C G A U

-34 C G A

U

-33 G C

A U

-32 C U G A

-31 C G U A

-30 C A

G U

-29 G A U C

-28 C

G U A

-27 C

G

U

A

-26 C G A U

-25 C G A U

-24 G C A U

-23 G C U A

-22 G C A

U

-21 C A G U

-20 G C U A

-19 G

C

U

A

-18 C G

U A

-17 G A

C U

-16 C U

G A

-15 

G

A U

C

-14 A C

G U

-13 U A G C

-12 U G C A

-11 

C

U

G A

-10 

G

A U

C

-9 U A G C

-8 G A C U

-7 A

G

U

C

-6 A U C G

-5 U A G C

-4 U G A C

-3 C A U G

-2 A C G U

-1 G A

U C

0 C G A U

1 C U G A

2 U

G C A

3 A

G C

U

4 C G

A U

5 A C U G

6 C U G A

7 C

G

U

A

8 C G

A U

9 A U C G

10 A U

C G

11 C A G U

12 

C G

U A

13 C G U A

14 C G U A

15 U A G C

16 A G C U

17 C

A G U

18 A

C G U

19 C A G U

20 C

G A U

21 C U A G

22 

G

A U

C

23 G

C U A

24 C G A

U

25 

C G

U

A

26 A

G C U

27 C G A U

28 C G A

U

29 U

G C A

30 G

C U A

31 C G A U

32 G C U A

33 G C U A

34 U C

G A

35 G

C U A |
0.0

0.2

0.4

0.6

0.8

bits|

-35 U A

C G

-34 

G

C

A

U

-33 A

G C U

-32 G C A

U

-31 

A

CG

U

-30 C A U

G

-29 

C

G

A

U

-28 A

C

U

G

-27 

C G U

A

-26 A G

C U

-25 

G C A

U

-24 

C G U

A

-23 

G

C

U

A

-22 

G

C

U

A

-21 

C G

A U

-20 

G

C

U

A

-19 

C

G

U

A

-18 G

C A U

-17 G A

U C

-16 

G U

C A

-15 

G

C A U

-14 G U

C A

-13 

G

C U A

-12 

G

C

U

A

-11 G C U

A

-10 C U

G A

-9 C G U

A

-8 C G

A U

-7 C G U A

-6 C

G A U

-5 

C G U

A

-4 C A

G U

-3 

C

G A U

-2 C A G U

-1 U G C

A

0 A C G U
1 C U

G A

2 G U

C A

3 G U A

C

4 C G U

A

5 A C U G

6 A U

C G

7 

A

C G U

8 G C A

U

9 A

C G U

10 

C

G

A

U

11 

C A

G U

12 A

C G U

13 

C U

A G

14 

G

C

A

U

15 

C

A

G

U

16 A

C

U

G

17 C U A

G

18 

C A U

G

19 A

C U G

20 C U

G A

21 

C A U

G

22 

C A

G U

23 

C

G U A

24 A

C

U

G

25 

U

C G

A

26 

C G

A
U

27 A C

U G

28 

C

G A U

29 C G

A U

30 

A

C G U

31 

C U

G A

32 C A

G U

33 

C A U

G

34 C G

U A

35 

C

G A U |

5
’
d
m

e
3
’
d
m

e

5
’
d
p
s

3
’
d
p
s

5
’
c
b
r

3
’
c
b
r

5
’
c
e
l

3
’
c
e
l

4



0.0

0.2

0.4

0.6

bits|
-35 

C

G

U

A

-34 

C

GA U

-33 

C G A

U

-32 C U G A

-31 

C

G

A

U

-30 C

G

U

A

-29 A G

C U

-28 

C G

A U

-27 C G

U A

-26 C U G A

-25 C

G A U

-24 G

C U A

-23 G U

C A

-22 C

G U A

-21 A C G U
-20 C U

G A

-19 

C

GA U

-18 G C U A

-17 A

G C

U

-16 C U G A

-15 

C A

G U

-14 A C U G

-13 C U A G
-12 A

C G U

-11 G

C A U

-10 C

G

U

A

-9 A C G U
-8 

C G

A U

-7 C A

G U

-6 

C

G

A

U

-5 A

C G

U

-4 C

G U A
-3 C A G U
-2 

C

U A

G
-1 G

C

U

A
0 C G A U
1 

C

A

G U
2 U

C G A
3 U

C G A
4 U

G C A

5 U

G C A

6 C U G A

7 U A C G
8 A

C

U

G

9 

C G

U

A

10 

CG A

U

11 

C

G

A

U

12 U C A G

13 U A G C

14 C G

U A

15 

G

CA

U

16 

C

A

G

U

17 A C U G

18 U A G C

19 G A U C

20 U

C G A

21 

G

C

U

A

22 

C

GA U

23 U G

C A

24 G C U A

25 C A

G U

26 G

C U A

27 A G

C U

28 A U C G

29 

C G

U

A

30 

C G

U

A

31 G A C U

32 C G U

A

33 G C

U A

34 C G U

A

35 G U

C A |
0.0

0.2

0.4

0.6

bits|
-35 G

C A U

-34 A

C G U

-33 G A C U

-32 

C

A

G U

-31 G C A U

-30 C A U G

-29 G A U C

-28 C G U A

-27 G A

C U

-26 

C G

U A

-25 

C G U

A

-24 G C U

A

-23 G C

A U

-22 

C A U

-21 

G

C

A

U

-20 G

C

U A

-19 C

G

A

U

-18 C G

A U

-17 

C

G

A

U

-16 C A

G U

-15 G

C

U

A

-14 C U A

-13 

G

C

A

U

-12 G

C U A

-11 G

C

A

U

-10 A

C G U

-9 

C G U

A

-8 G C A U

-7 G A U

-6 U C A G

-5 C G

A U

-4 C

G

A

U

-3 G A C U

-2 G A

C U

-1 G U

C A

0 G C A U

1 A

C G U

2 C U A G

3 C U A G

4 C U G A

5 A

G C U

6 G C

U A

7 C U A G

8 A C U G

9 U

C G A

10 

C

A

G U

11 A U C G

12 C A G U

13 G A U C

14 G U

C A

15 G U

C A

16 G A C U

17 A G U C

18 G U A C

19 G A C U

20 A

G C U

21 G A C U

22 G U

C A

23 

C

G

U

A

24 G A

C U

25 G

C A U

26 

G

C

U A

27 G

C

A

U

28 A G C U

29 A U C

30 G

C

A

U

31 G

C

U

A

32 G A C U

33 

G C

U A

34 G A U C

35 G C A

U |
0.0

0.2

0.4

0.6

0.8

bits|

-35 

A C

U G

-34 A G

U C

-33 U C G A

-32 

CG

U A

-31 C

G U A

-30 A C

G U

-29 C U

A G

-28 C U

G A

-27 

G

C U A

-26 C G

U A

-25 

C A

U G

-24 

C U

G A

-23 C G U A

-22 C G

U A

-21 C U

A G

-20 C U G A

-19 C A G U

-18 

C U

G A

-17 

C U A

G

-16 C

U G A

-15 C U

G A

-14 C U A

G

-13 G A

C U

-12 C U

A G

-11 

U C A

-10 U G

A C

-9 C A

G U

-8 A C

U G

-7 A C

U G

-6 

CG

U A

-5 U C A

G

-4 U C A

G

-3 U

C A G

-2 A U

C G

-1 U C

A G

0 C A U
1 A C

U G

2 U G C A

3 G U A C

4 

A C

U G

5 C U

G A

6 C U G A

7 A U C G

8 

C U

G A

9 U A

G C

10 

G

C U A

11 C U

G A

12 A C U G

13 A U G C

14 C G

U A

15 

AU

GC

16 C G A

U

17 A C U G

18 U G

A C

19 G A

U C

20 U A C G

21 U A C
22 C G A U

23 A U C G

24 A G

U C

25 A C

U G

26 

C
A

G

U

27 C A

G U

28 C A

G U

29 U G

A C

30 U C

G A

31 A G

U C

32 G A

C U

33 U A G C

34 

C G A

U

35 G U C A|
0.0

0.2

0.4

0.6

bits|
-35 

G C U

A

-34 

G C

A U

-33 A

G

U

C

-32 

C U

G A

-31 

C A

G U

-30 

G

U

C A

-29 C

G

U

A

-28 G C A

U

-27 

C U

G A

-26 G C

A U

-25 A U

G C

-24 C U A G

-23 C

G A U

-22 C A

U G

-21 U

C

A

G

-20 G A

C U

-19 C A

G U

-18 

G

C

U

A

-17 C G U A

-16 

GC

A U

-15 A

G C U

-14 G A C U

-13 A

C

U

G

-12 A

G C U

-11 C

G

U

A

-10 A G U C

-9 G U C A

-8 A G U

-7 U C A G

-6 

C A U

-5 

C

G

U

A

-4 C A G U

-3 G U A C

-2 C G A

U

-1 G U A C

0 C G A U

1 C A U

G

2 C A U G

3 U

C A G

4 C G U A

5 G U

A C

6 

C U A

7 U C A G

8 U G A C

9 U C A G

10 C A

G U

11 U

C A G

12 C A G U

13 

C A U

G

14 G U

C A

15 

C

G

A

U

16 A

G C U

17 G A U C

18 U G A C

19 

G

C

U

A

20 A

G

U

C

21 G A U C

22 U G C A

23 C U

G A

24 A C

U G

25 A

G U C

26 

G C

A U

27 G C U

A

28 G

C U A

29 G C U A

30 G A

C U

31 G C A U

32 A G U C

33 G U A C

34 G A

C U

35 G A C U|

5
’
a
th

3
’
a
th

5
’
o
sa

3
’
o
sa

5


