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These recurrences were previously presented in [1] and [2]. We start by giving any notation used within
this supplementary file and follow with the recurrences.

1 Notation

The following notations, used within this supplementary file, is outlined in this section. We let G denote a
pseudoknot-free guide structure.

e bp(i) is used to denote the base which pairs with ¢ within the guide structure G.

e Cover: Assume k is an index in the guide structure G; k is considered covered if there is a base pair
1.j where i < k < 7 and there is other base pair ¢’.j" such that i < < k < j' < j.

e isCovered(G,i) is true if and only if the base is is covered within the guide structure G.

2 Recurrences

W (%, j) holds the energy of the MFE pseudoknotted secondary structure for region [i, j] of the structure over
sequence S.

Wi(i,j—1)

V(i j)

minj<p<; W(i, k) + W(k +1, ) k is not covered
WMB(i,j) + Ps

W (i,j) = min (1)

W1I(i,7) holds the energy of the MFE pseudoknotted secondary structure for region [4, j] when the region is
inside a pseudoknot.
V(i,7) + Pps if i.j € G or both are unpaired in G
WI(i,j) = min ¢ min WI(, k) + WI(k+1,5) (2)
WMB(i,j) + Pom + Pps

WI'(i,j) holds the energy of the MFE pseudoknotted secondary structure for region [i, j| when the region
is inside a band.

V(i,j) + b if i.j € G or both are unpaired in G
WI'(i+1,j)+ ¢ if bp(i) =0

WI'(i,j) = min { WI'(i,j — 1) + " if bp(j) = 0 (3)
min WI'(i,k) + WI'(k+1,5)
i<k<j

WMB(i,j) + Psp + V'



V P(i, j) holds the energy of the MFE pseudoknotted secondary structure for region [i, j] closed by predicted
base pair 4.5 which crosses a base pair in G.

WI(i+1,B'(i,5) — 1)+ WI(B(i,j) + 1,5 — 1) if isCovered(G,i) and NOT iscovered(G, j),
WI(E+1,b(i,5) = 1)+ WIWH (i,7) + 1,5 — 1) if NOT isCovered(G,i) and iscovered(G, j),
WI(i+1,B'(i,5) — 1)+ WI(B(i,j) + 1,b(i,5) = 1) + WI{¥'(i,5) + 1,5 — 1)

if isCovered(G, i) and iscovered(G, j),

VP(i,j) = min{ esp(i,i+ 1,5 —1,5) + VP(i+ 1,5 — 1) if bp(i + 1) = bp(j — 1) =0,

min eintp(i, kK5
I - P AULLE
min WI'(i+1,k—1)+VP'(k,j—1)+ad +2V

i<k<min(B’(i,5).5)

VP'(i+1,k)+WI'(k+1,j—1)+d +2V

min
mazx(i,b(1,5))<k<j
(4)
V P'(i,7) holds the energy of the MFE pseudoknotted secondary structure for region [i, j] where within
a predicted base pair i.r or r.j for some r exists where ¢ < r < j and i.r or r.j crosses a base pair in G.

min VP(i,k)+WI'(k+1,5)

max(i,b'(i,7))<k<j

min  WI(ik—1)+ VP(kj)

VP/(Z'J) — min { ISk<mn(B(0.3).9) (5)

min VP(i,k)+c(j—k)

max(i,b'(i,7))<k<j
min d(k—1i)+VP(k,j

i<k<min(B’(i,5),5) ( ) (k. 3)

V(i,7) holds the energy of the MFE pseudoknotted secondary structure for region [i,j] closed by the
base pair i.J.
en (i, )
es(i,7) +V(@i+1,7—-1)
VBI(i,j)
VM(i, j)

(6)

V(i,j) = min

V BI(i,j) holds the energy of the MFE pseudoknotted secondary structure for region [¢, j| where 4.5 and
i.j closes a bulge or internal loop.

VBI(i,j) = {i<]£r<11]3<j eint(i, k. k', §) + V(k, k) (7)

VM (i, j) holds the energy of the MFE pseudoknotted secondary structure for region [i, j] where 7.5 and
i.j closes a multiloop,

B M@ Lk =1+ WMkj—1)+a+b
VM(Z,]) — min ¢ t1<k<j-1 (8)
WMB(i+1,j —1)+a+ Pyn +b

W M(i,7) holds the energy of the MFE pseudoknotted secondary structure for region [i, j] where a base
pair exists within i and j, and i and j are on a multibranched loop.

V(i,j)+b
WM(@i+1,j)+c
WM(i,j) =min{ WM(i,j — 1) +c (9)

[ min WM@i, k) + WMk +1,5)

WMB(i+1,j— 1)+ Pan + b



W M B(i, 7) holds the energy of the MFE pseudoknotted secondary structure for region [i, j| where within
i and j exists a density-2 pseudoloop

P, + min  BE(bp(j),bp(B'(k, j)), B'(k, ), )
bp(j)<k<j

WMB(i,j) = min + WMB'(i,k) + WI(k+1,B'(k,j) — 1) (10)
WMB'(i, )

W M B'(i, j) holds the energy of the MFE pseudoknotted secondary structure for region [i, j] where within
iand j, i starts the first band of the pseudoloop and j either closes the pseudoloop starting at i, is the closing
base of a region within the pseudoloop starting at i, is an unpaired base outside the first two bands, or a
closing base of a band associated with the pseudoloop.

2P, + min BE(bp(B(k, )), bp(B' (k. ), B'(k, j), B(k, j)

i<k<min(j,b(i,5)
+WMB'(i,k— 1)+ VP(k,j)
min WMB'(i,k) + WI(k+1,5)
WMB'(i,7) = min { i<k<j (11)
P, +VP(i,j)
2P, 4+ min BE(i, b/(i, k), bp(b/(’i, k), bp(i)) + Wf(b/(i, k),k—1)
i<k<bp(i)
VP )

BE(i, k, k', j) holds the energy of the MFE pseudoknotted secondary structure for the band [z, k] U [£/, j]
where 1 < k < k'’ < j and 7.5 and k.k'.

esp(i,j) + BE(i+ 1,k k', j— 1)
eintp(i,1,0p(1), j) + BE(l, k, k', bp(1))
BE(i, k, K, §) = min { WI'(i + 1,1 — 1) + BE(L, k, k', bp(1)) + WI'(bp(l) + 1,5 — 1) + a’ + 2V/ (12)
WI'(i+1,1— 1)+ BE(l,k, k' ,bp(1)) + ' + 2 + ¢/(j — bp(1) + 1)
a' + 20 +(1—i+1)+ BE(L kK bp(l)) + WI'(bp(l) + 1,5 — 1)
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Figure 1: Tllustration of the recurrences
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