
G = (V,E)
V E

e = (v1, v2)

Engineering Letters, 31:1, EL_31_1_47

Volume 31, Issue 1: March 2023

 
______________________________________________________________________________________ 



x1, x2, . . . , xr xi ∈ {A,U, C,G}
(xi, xj) ∈

{(A,U), (U,A), (C,G), (G,C), (G,U), (U,G)}

(i0, . . . , k0)
(xi, xj), (xl, xm) i0 ≤ i < l < j <

m ≤ m0

(xi, xi+1, . . . , xi+r, xj−r, . . . , xj−1, xj)
(xi, xj), (xi+1, xj−1), . . . , (xi+r, xj−r)

(xi, xi+1, . . . , xi+r)
(xi, xj) j − i ≥ 1

(i0, . . . , k0)
∃l,m, (i0 < l < m < k0) (xi0 , xm)

(xl, xk0
)

Si Sj

(Si, Sj)

G G′ ⊆ G

Engineering Letters, 31:1, EL_31_1_47

Volume 31, Issue 1: March 2023

 
______________________________________________________________________________________ 



a)

S1

S2

S3

I
II

III
IV

V
a’)

1 10 20 30 40 50 60 70

Stem or spurious base pairs

S1
S2

S3

I II III IV V

b) I II III

(pseudoknot)

IV V VI VII
1 10 20 30 40 50 60 70

primary sequence

Stem or spurious base pairs

S1
S2

S3
S4

S1

S2

S3

S4

I II

IIIIV

V

VI

VII

dual graph

dual graph

primary sequence

b’)

′
′

1 2

0

6

3

4 4 5

a) b)

block 1 block 2

0

1 2

3

4 56

articulation point

3 u
u

(i0, . . . , k0) (xi, xj), (xl, xm)
i < l < j < m i0 ≤ i, j, l,m ≤ m0

Mi,j

[i, j]
Mk,l i < k < l < j

Engineering Letters, 31:1, EL_31_1_47

Volume 31, Issue 1: March 2023

 
______________________________________________________________________________________ 



pseudoknot or regular region

no external base pair (or 
stem)

pseudoknot

0

1

2

34

a

b
0 1

2

3

4

a b

(xc, xd) xd Mk,l xc

Mi,j Mk,l

4
4

a b
a b

4
4

2

(|E|3)

Engineering Letters, 31:1, EL_31_1_47

Volume 31, Issue 1: March 2023

 
______________________________________________________________________________________ 



1

2

3

45

1 2 3 4 5

a)

b)

Stem 1 Stem 2

Primary Sequence
5’ 3’

a) H type

Primary Sequence
5’ 3’

Stem 1 Stem 2 Stem 3

Stem 1 Stem 2 Stem 3

3’5’
Primary Sequence

Stem 4

c)       L type

d)      M type

Stem 1 Stem 2 Stem 3

3’5’
Primary Sequence

b)         K type

Engineering Letters, 31:1, EL_31_1_47

Volume 31, Issue 1: March 2023

 
______________________________________________________________________________________ 



H type

K type

L type

M type

Engineering Letters, 31:1, EL_31_1_47

Volume 31, Issue 1: March 2023

 
______________________________________________________________________________________ 



Engineering Letters, 31:1, EL_31_1_47

Volume 31, Issue 1: March 2023

 
______________________________________________________________________________________ 




