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1. INTRODUCTION

Zuker’s original work on RNA secondary structures provides an algorithm to predict the secondary struc-
ture of a single RNA strand which will output a negative number if this strand folds into a secondary
structure and a positive number if this strand remains unfolded. This algorithm is quite useful to learn
about a single sequence of RNA neucleotides; however, many of strands that are currently used in DNA
computing are made up of smaller strands that are called words. The science of choosing these words has
become quite complex, with many rules governing the order of neucleotides in order to obtain words which
can be combined into a strand that will not fold onto itself. The algorithm that we present here will take
in 2n words, where a word is defined as a sequence of RNA neucleotides of length [. These words will be
labeled as w(1), w(1), w(2), w(2),...w(n),w(n). The resultant strand will the 3" w(4) or w(i). Our algo-
rithm outputs a negative number if one of the 2" strands that result from the concatenation of these words
will fold into a secondary structure or a positive number if each possible strand will not form a secondary
structure. Although the same result could be obtained by running each of the 2™ structures through Dr.
Zuker’s algorithm, which has a runtime of O(n?), this new algorithm will solve this problem in polynomial
time according to n.

2. BASIC ALGORITHM

A secondary structure formed from a strand s € S where S is the set of all strands that can be created, will
have 1 < i < |s| where S; is the base at position# (i) in word w(word#(i)) or w(word#(i)). The position#(z)
and word# (z) functions determine the word number and position within the word based on the word length
and parameter z. It is assumed that no psuedo-knots exist in any of the secondary structures and that each
base can only bond to one other base. Each psuedo-knot free structure can be viewed as a collection of
stacked pairs and loops with exterior base pairs closing each loop. The types of loops are hairpin, internal,
and multibranched, with a bulge loop being a particular instance of an internal loop. RNA secondary
structure prediction is really just determining the most stable comfiguration of the given neucleotides. The
optimal structure will have the lowest free energy. Therefore, we can use recurance relations to determine
the free energy over all 2" structures by taking advantage of dynamic programming and modifying Zuker’s
recurance relations for single strand folding. The modifications that we have made to the original algorithm
is that we have added additional parameters into all the equations that specify whether S; is in w(word#(7))
or w(word+#(i)) based on the parameter b; € {T,B,E} in which case T" would represent w(word#(i)), B
would represent w(word#(i)), and E is the case where it does not matter to which word S; belongs. The
word specification is only T or B if the recurrance calls functions with a parameter that would be in the same
word as a second parameter. Specifing the word makes sure that the optimal stucture is a concatenation of
whole words and not parts of words.
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e The energy of the optimal structure from S; to S; where j is the length of Vs € S is:

(1) Ws(j) = Ws(E,)j)
'Wg(x,j _ T =b; ifj.— 1modl # 0
z=FEif j — 1lmodl =0
2) Wi(b,j) = mind 3 Vs(i b, 5) + Ws(bii—1)
i—1modl#0
b;€{B,T}
\ i—1modl=0

e The energy of a loop which is closed with the base pair S;, S; is:
eH’S(bubjala])

eS{s‘(biabj;i;j) + VSI«(.'L',y,Z + 17j - 1)
VBI,IS'(bz;bWZ)])

VM.IS(b'“b]:Za]

where x which corresponds to b;1 and y which corresponds to b;_;are determined by the following

(3) Vsl(bi,bj,’l:,j) = min

psudocode:

1 x = E;

2 y = E;

3 if (word#(i) == word#(i+1)) then
4 x = $b_i$;

5 if (word#(j) == word#(j-1)) then
6y = $b_j$;

7  if(word#(i+1) == word#(j-1)) then
8 if(x == E and y == E) then

9 x = b_1;

10 y = b_1;

11 else if(x == E) then

12 x = y;

13 else

14 y = x;

e The energy of an internal loop which is closed by the pair S;, S; is:

, o ~ [+ooforj <i+4
@ v Bls(bi,b%,9) = min { min_ eL(bi,by,2,y,1,57,3") + Vi(@,,,7)
i<i! <j' <j
where x which corresponds to by and y which corresponds to b; are determined by the following
psudocode:
1 x = E;

2 y = E;

3 if (word#(i) == word#(i’)) then
4 x = $b_i$;

5 if (word#(j) == word#(j’)) then
6y = $b_j$;

7  if(word#(i’) == word#(j’)) then
8 if(x == E and y == E) then

9 x = b_1;

10 y = b_1;

11 else if(x == E) then

12 x = y;

13 else

14 y = x;
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e The energy of a multibranched loop closed by the base pair S;, S; is:

(5) VM.IS'(bhbjalaJ) = min WM(w,y,i+1,h—1)+WM(m,z,h,j—1)+a
i+1<h<j—1

min WMg(b;,y,i,h — 1) + WMg(z,bj,h, j)
i<h<j

(6) WMS(b’lJbJJZJJ) = min

where w which corresponds to b;41,x which corresponds to by, y which correponds to by_1, and z
which corresponds to b;_;are determined by the following psudocode:

1 w = E;

2 x = E;

3y =E;

4 z = E;

3 if (word#(i+1) == word#(i)) then
4 w = $b_i$;

5 else if (word#(i+1) == word#(h-1)) then
6 w=9$b_1$;

7 if (word#(h-1) == word#(i+1)) then
8 X = w;

9 else if(word#(h-1) == word#(h)) then
10 x = $b_2%;

11 if(word#(h) == word#(h-1)) then

12 y = x;

13 else if(word#(h) == word#(j-1)) then
14 y = $b_3$;

15 if (word#(j-1) == word#(h)) then

16 z = y;

17 if (word#(j-1) == word#(j)) then

18 if(z == $b_{num}$) then

19 $b_{num}$ = $b_j$;

20 else

21 z = $b_j$;
This algorithm is dependent on eHg, eSg, and eL’y which are the free energy equations for a hairpin loop,
a stacked pair, and an internal loop respectively. The details of these calculations are discussed in greater
detail later in this paper.



