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Importance of Stacking Energies 
in RNA Structure Prediction

In nature, compounds try to achieve 
maximum stability.
Stability is achieved by minimizing the 
molecule’s free energy.
Molecules convert (store) free energy 
when it creates bonds. 



Importance of Stacking Energies 
in RNA Structure Prediction

Current algorithms in RNA structure  
(bond) prediction are based on free 
energy minimization.
It is assumed that stacking base pairs 
and loop entropies contribute additively 
to the free energy of an RNA 
sequence’s secondary structure. 



Major Types of Stacking 
Energies – RNA Structures

RNA secondary structure can be viewed as a 
conglomeration of several smaller structures.
These are:

Stacking (Base Pairs) Regions
Hairpin Loops
Interior Loops
Bulge Loops
Bifurcation (Multi-Stem) Loops
Single (Free) Bases



Major Types of Stacking 
Energies – RNA Structures



Major Types of Stacking 
Energies – RNA Structures

Each of these structures has a 
corresponding energy that contributes 
to the overall stability of the molecule.
Due to space constraints, we will only 
offer parts of most lists.  The complete 
list of all the energies is available at:
http://www.bioinfo.rpi.edu/zukerm/rna/
energy/



Major Types of Stacking 
Energies – RNA Structures

Most of the research estimating the energies 
has been done by Prof. D.H. Turner at the 
University of Rochester.
He based the energy values through melting 
studies of synthetically constructed 
oligoribonucleotides.
The listed values are at 37° - the human 
body’s internal core temperature.
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Stacking (Base Pairs) Regions

Total free energy of the entire Stacking 
Region is given by the addition of each pair of 
adjacent base pairs. 
This includes energy contributions for both 
base pair stacking and hydrogen bonding.
This breaks down for 2 or more consecutive 
G-U pairs and pairs that are not Watson-Crick 
(WC) base pairs.



Stacking (Base Pairs) Regions

The Stacking Energies table uses the 
arrangement for a stack:

5’ – WX – 3’
3’ – ZY – 5’

The corresponding energy would appear in
the Wth row and the Zth column of 4 by 4 
tables, and in the Xth row and the Yth column 
of that table.



Stacking (Base Pairs) Regions

Excerpt from Table of Stacking Energies
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Hairpin Loops

A Hairpin Loop is a structure that looks 
like a hairpin; after a Stack there is an 
opening at the end.  The hairpin loop 
starts at the end of the stacking region 
where the base pairing stops.



Hairpin Loops

Hairpin Loop Energies are the sum of 
up to 3 terms:

1. Loop size (number of single stranded 
bases) – given in the hairpin column of the 
LOOP Destabilizing Energy table.  For loops 
larger than 30, 1.75RTln(size/30) is added 
(R= universal gas constant, T = absolute 
temperature).



Hairpin Loops



Hairpin Loops

2. A favorable (negative) stacking 
interaction occurs between the closing 
base pair of the hairpin loop and the 
adjacent mismatched pair, given in the 
Hairpin Loop Terminal Stacking Energy
table.  

This energy is not added in triloops (loops of 
size 3).



Hairpin Loops

Excerpt from Table of 

Terminal Mismatch Stacking Energies

For Hairpin Loops



Hairpin Loops

3. Certain tetraloops have special bonus 
energies, as given in the Tetra-loop Bonus 
Energies table.



Hairpin Loops

Excerpt from Table of Tetra-Loop Bonus Energies



Interior Loops

Interior Loops



Interior Loops

Interior Loops occur in the middle of 
Stacking Regions, breaking it up.
They are closed by 2 base pairs.
Similar to Hairpin Loops, Interior Loops 
Energies are composed of the sum of 
up to 3 terms.



Interior Loops

1. Loop size – given in the interior column 
of the LOOP Destabilizing Energy table.  
For loops larger than 30, 1.75RTln(size/30) 
is added (R= universal gas constant, T = 
absolute temperature).



Interior Loops



Interior Loops

2. Special terminal stacking energies for 
the mismatched base pairs adjacent to 
both closing base pairs.  Each of these 
energies is taken from the Interior Loop 
Terminal Stacking Energy table.  



Interior Loops

Excerpt from Table of 

Terminal Mismatch Stacking Energies

For Interior Loops



Interior Loops

3. For non-symmetric interior loops, there 
is a penalty (positive term).  Although the 
data is incomplete, the maximum penalty is 
+3.00.



Bulge Loops

Bulge Loops



Bulge Loops

A Bulge Loop is a special case of an internal 
loop that has only one of the sides unpaired.
Bulge Loop’s destabilizing energies are given 
in the bulge column of the LOOP Destabilizing 
Energy table.  Again, for loops larger than 30, 
1.75RTln(size/30) is added (R= universal gas 
constant, T = absolute temperature).



Bulge Loops



Bifurcation (Multi-Stem) Loops
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Bifurcation (Multi-Stem) Loops

Bifurcation, or Multi-Stem, Loops are 
loops that form at least two separate 
branches.
There is not a lot of experimental 
information available, but for now:

The free energy function is:
E = a + n1 x b + n2 x c
Where a, b, and c are constants, n1 is the # of 

single stranded bases in the loop and n2 is the 
# of stacks that form the loop. 



Bifurcation (Multi-Stem) Loops

a, b, and c are called the offset (value of 
4.60), free base penalty (value of .40) and 
helix penalty (value of .10), respectively.
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Single (Free) Bases

Single, or Free, bases are single 
stranded nucleotides that are not in any 
loop.
Again, like Bifurcation Loops, not much 
experimental information is available.
When a single stranded base is 
adjacent to the closing base pair of a 
stack, a Single Base Stacking Energy is 
added.



Single (Free) Bases

When a single-stranded base is adjacent to 
2 stacks, only the most favorable single-
base stacking term is added.



Single (Free) Bases
Excerpt from Table of 

Single Base Stacking Energies



Efn Server

http://mfold.bioinfo.rpi.edu/cgi-bin/efn-
form1.cgi
By entering an RNA sequence and its 
secondary structure, the free energy of 
the molecule is calculated.



Efn Server

Sample:

Enter Data



Efn Server

Results



Efn Server

Energy Details



Application

As previously stated, free energy 
minimization is at present the most 
accurate and most generally applicable 
approach of RNA structure prediction.
However, current algorithms cannot 
predict Pseudoknots (overlapping 
stacking regions).



Application

However, current algorithms that 
predict the structure of a single RNA 
molecule (like mfold and the Vienna 
RNA Package) can predict the structure 
of an RNA-RNA interaction with a little 
modification (RNAhybrid and 
RNAduplex).



Application

In the simplest approaches, the RNA 
molecules are concatenated and treated 
as one molecule.
The “new” molecule is then folded 
normally.



Conclusion

Since these RNA-RNA algorithms are 
based on the single RNA algorithm, it 
has the same weaknesses, mainly the 
lack of predicting pseudoknots.
On top of this, there is a conditional 
probability that the RNA molecules will 
interact at all.



Conclusion

Also, there is lack of knowledge concerning 
the energetics of RNA-RNA interactions within 
loops.
Similarly, kissing-interactions (between loops) 
need to be measured more thoroughly to 
improve energy parameters.
Likewise, how protein factors affect RNA-RNA 
binding energies need to be investigated.
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