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hairpin loop

n prohibited Turner Turner Langdon
motifs 1998 2004 2018
8 ((..0)2) X X X
(. (...)) X X X
((.o).n) X X X
9 («o(anee)) X X X
(. (o)) - - X
((evu) o) X X X
((cvv) ) X X X
(«(eea)en) X X X
10 (o (o)) X X X
(o (enea)) X X X
(oo (o)) X X X
((Cova) ) X X X
((.(.00))) X X X
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SAT problems
example:

(a or b or (hot c)) and (b or c or (not d)) and (a or ¢ or d) and
((not a) or b or d) and ((not a) or (not b) or ¢) and ((not b) or (not ¢) or d) and

((not a) or (not c) or (not d)) and (a or (not b) or (not d))

QO 8 https://satcompetition.github.io
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RNA sequence/structure as SAT

U U C G G G U A C C G A A C
fo,y0,1,1,4y4,9,1,0,1,0,0,1,90,0,1,1,1,1,1,0,0,0,0,0,1,1]

A’ (0, 0)
U’ (0, 1)
’G’: (1, 0)
C’: (1, 1

Encoding of base-pairings

( )
X,y X,y
i ]



Encoding (local) sequence constrains

U

(0,1,90,1,1,1,

)AJ:
)U):
)G):
)CJ:

U C

(0, 0)
(0, 1
(1, 0)
(1, 1)

U

A C

C G A A C

G G G
1,04,1,0,1,0,0,1,0,0,1,1,1,1,1,0,0,0,0,0,1,1]

IUPAC code residues logic clause
A’ A —x; N\ Y,
U’ U - A\ Y
G’ G T; N\ Y
'O’ C T; N\ Y;
"W’ A or U X
'S’ C or G T
Y’ C or U Vi
'R’ A or G —Y;
"M’ A or C (—I.CIZ‘Z' V yz) /N (ZCZ V ﬁyi)
K’ G or U (_ICEi V ﬂyi) N\ (il?z V yz)
'B’ C or G or U x; V i
D’ A or G or U —x; VoY
'H’ A or Cor U —x; VY
'V’ A or C or G x; V Ty,




Global sequence constrains (eg. forbidden patterns)

forbidden pattern at given position

6 7 8 9
(0,1,¢0,1,1,1,1,9,1,0,1,9,0,1,9,0,1,1,1,1,1,0,0,0,0,0,1,1]
G U A C

X VYe VX7V Y, VXV VgV TXg V 1Y

"A’: (0, 0)
U’ (0, 1)
’G’: (1, 0)



Global sequence constrains (eg. forbidden patterns)

forbidden pattern at any position

1 2 3 4 5 6 7 8 9
(0,1,¢0,1,1,1,1,9,1,0,1,9,0,1,90,0,1,1,1,1,1,0,0,0,0,0,1,1]
G U A C

G U A C
G U A C
/702( G U A C
@/5%/. G U A ¢
@/7;/6 G U A C
/'/0/7 G U A C
90@ G U A C
9(,@ G U A C
/70@6’ G U C
G U A C



Tseitin transform

O 8 htt}

Type

AND

OR

NOR

NOT

XOR

ARl

NAND

os:/[en.wikipedia.org/wiki/Tseytin_transformation

Operation CNF sub-expression

C=A-B (AVBVC)ANAVC)AN(BVC)

C=A+B (AVBVC)A(AVC)A(BVO)

A+B (AVBVC)ANAVC)AN(BVC)

C

C=A (AVC)A(AVCO)

C=A®B | (AVBVC)A(AVBVC)A(AVBVC)A(AVBVC)



Global sequence constrains (eg. forbidden patterns)

forbidden pattern at any position

1 2 3 4 5 6 7 8 9
(0,1,¢0,1,1,1,1,9,1,0,1,9,0,1,90,0,1,1,1,1,1,0,0,0,0,0,1,1]

I
I S = S
R SR R S
0 I

X VY VRV TV VX3V Y3V TV Ty



Cardinality constraints (eg. on GC-content)
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Cardinality constraints (eg. on GC-content)
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