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WHAT ARE RNA MOTIFSWHAT ARE RNA MOTIFS

Small sequence fragments of RNA which are Small sequence fragments of RNA which are 
present repeatedly in RNA.

It is a 3-D structural element or fold within the 
h ichain.

Same motifs can also appear in different other 
molecules.
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MOTIFSMOTIFS

Types of RNA Motifs:
Hairpin Hairpin 
Kink Turn
E-loopE loop
K-loop
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FIND RNA 3D (FR3D)FIND RNA 3D (FR3D)

Developed by Dept. of Mathematics and Statistics, Developed by Dept. of Mathematics and Statistics, 
Bowling Green State University, USA.

Used for finding recurrent 3-D motifs in RNA.

Also used as a database of RNA structural motifs.

Link : http://rna.bgsu.edu/FR3D
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CATEGORIES OF RNA MOTIFS ON FR3DCATEGORIES OF RNA MOTIFS ON FR3D

cWW-tHW-cSW-cWW C-loop Motif_ p
tSH-tHH-cSH-tWH-tHS_sarcin/ricin Motif
tWH-insertion-tHS MotiftWH insertion tHS Motif
cWW-tWH-cWW_GAAA-receptor Motif
cWW (cWW cSW) (tWH cWW) cWW cWW MotifcWW-(cWW-cSW)-(tWH-cWW)-cWW-cWW Motif
cWW-tSH-tWH-tHS-cWW Motif
HS C l  M iftHS_C-loop Motif

tSH-tHS Motif
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ALGORITHMIC METHOD FOR IDENTIFYING 
GROUPINGS OF OVERALL STRUCTURE 

(AMIGOS)

Developed by Pyle Lab.
It is a Perl script which gives tables of torsion It is a Perl script which gives tables of torsion 
angles from nucleic acid PDB files.
AMIGOS measures standard backbone torsion AMIGOS measures standard backbone torsion 
angles, i.e. alpha, beta, gamma, delta, epsilon, 
and zeta.
It also calculates sugar pucker torsion (nu2), 
chi, and pseudo-torsions eta and theta angles., p g

7



INPUT AND OUTPUT FILESINPUT AND OUTPUT FILES

Amigos accepts only ent or pdb files as input g p y p p
files.
It generates two output files for each pdb i.e. g p p
“filename_area.txt” and “filename_sprd.txt.”
It also generates two output files (all sprd.txt & g p ( _ p
all_area.txt) which contain measurement of all 
the nucleotides from all the pdb files.
2n+2 files are generated, where n is the 
number of pdb files.  
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AMIGOS TOOL (POINTS TO BE NOTED)AMIGOS TOOL (POINTS TO BE NOTED)

HETATM entries in a pdb file are ignored by this HETATM entries in a pdb file are ignored by this 
tool.
Bases adjacent to HETATM’s torsion are not  Bases adjacent to HETATM s torsion are not  
calculated.
Only those residues which either contain ‘O2’ / Only those residues which either contain ‘O2’ / 
‘O2*’ or are properly named as A,G,C,U or T are 
considered for geometric calculationconsidered for geometric calculation.
Output does not contain the measurements of 
nucleotide at the start or end of the chain.
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POINTS TO BE NOTEDPOINTS TO BE NOTED

The tool strictly calculates the measurements of RNA 
residues ignoring any other protein in the pdb file.

By default it calculates area of all the nucleotides which 
fall outside the helical region  but this can be modified fall outside the helical region, but this can be modified 
in the script according to the need.

We can also direct the program to calculate 
measurements of any four user-defined atoms as well, 
but this has to be modified in the codebut this has to be modified in the code.
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EXAMPLE:

INTERPRETATION OF 3IVK.PDB_SPRD.TXT FILE

Since the tool reads the file, residue-wise , the 
res no does not start with 1 but with 876 res.no does not start with 1 but with 876 
because the tool starts reading RNA residues in 
the pdb file 3IVK  from 875th residuethe pdb file 3IVK  from 875th residue.
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• Compare the columns Res(2nd), ID(3rd) and type(4th) in the 
3IVK.pdb_sprd file with that of the column 5th, 6th and 4th respectively 
from  atom no 6626 in 3IVK pdb filefrom  atom no.6626 in 3IVK.pdb file.

Screen shot of 3IVK.pdb sprd Screen shot of 3IVK.pdb_sprd 
file

Screen shot of 3IVK.pdb file
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COMBINED INTERPRETATION OF BOTH SPRD 
FILE AND PDB FILE FOR 3IVK

RNA residue id in pdb file starts from -7(6th column) or 
 6609atom no.6609.

Thus the tool gives the measurement from residue id -6 
or atom no.6626.
All the atoms corresponding to -6 form a single residue 
of RNA which is 876th residue of that pdb file and is 
represented as res no 876 in sprd filerepresented as res no.876 in sprd file.
Thus all the torsion angles of all the residues read by 
the tool are given in the output file 3IVK.pdb_sprd.
Residues from 876 to 1129 in output file can be 
identified in the 3IVK.pdb file from atom 6626 to 
12141. 
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MOTIF GROUP: CWW-THW-CSW-CWW_C-LOOP 
(1ST GROUP MOTIF)(1 GROUP MOTIF)

AMIGOS  Result of 1st Motif group of FR3D 
(sprd txt)(sprd.txt).

The result below is of PDB: 1KOG, which 
contains 6 motifs of the same group (1st group). 

All the other pdb file results of the group is All the other pdb file results of the group is 
given in the excel file.
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INTERPRETATION OF RESULTSINTERPRETATION OF RESULTS

There are 6 motifs of 1st group in 1KOG There are 6 motifs of 1 group in 1KOG 
sequence.

The area marked by the box are the eta and 
th t  gl  f th  tif  f 1KOGtheta angles of the motifs of 1KOG.

The table shows all the torsion angles of the 
motif.
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INTERPRETATION OF RESULTINTERPRETATION OF RESULT

We can see that eta and theta angles of all the 
motif residues are in a very similar range (+/- 10 
degrees).
In some of the residues the range is very small In some of the residues the range is very small 
(+/-2 degrees).
We can also see that all the other torsion angles of g
all the residues of the motifs are in same range.
From the observation we can say that in a given 
RNA pdb  motifs from the same group have similar RNA pdb, motifs from the same group have similar 
torsion angles, irrespective of their chain ID in the 
sequence.
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JMOL VIEW OF ALL THE 6 MOTIFS IN 1KOG FILEJMOL VIEW OF ALL THE 6 MOTIFS IN 1KOG FILE
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APPLICATION OF AMIGOSAPPLICATION OF AMIGOS

We can find patterns in the angles of RNA p g
motifs.
By the help of AMIGOS we can predict the y p p
motifs present in any RNA.
If given an RNA and its motif, we can also g ,
classify the motif using AMIGOS, based on its 
torsion angles.
By using AMIGOS we can do angle mining of 
RNA and its motifs.
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OTHER TOOLS WHICH I HAVE WORKED ONOTHER TOOLS WHICH I HAVE WORKED ON

PiRahNAPiRahNA

PARTSPARTS
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PIRAHNAPIRAHNA

This tool is based on “Protein Function This tool is based on Protein Function 
Annotation from Sequence: Prediction of 
Residues Interacting with RNA”Residues Interacting with RNA
It predicts :

RNA binding residues from protein sequence RNA-binding residues from protein sequence 
information
RNA binding function at the protein levelRNA-binding function at the protein level
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INPUT AND OUTPUTINPUT AND OUTPUT

Input: Protein sequenceInput: Protein sequence

O t t  G hi l t ti  hOutput: Graphical representation, where
X-axis represents the query sequence
Y-axis represents SVM threshold values for 
individual residues.
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OUTPUT RESULTSOUTPUT RESULTS
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OUTPUT INTERPRETATIONSOUTPUT INTERPRETATIONS

• Residues which have a SVM threshold above zero 
are predicted to be RNA binding residues of that 
sequence.

• In the graph it is represented by RED color bars.

• The higher the threshold value of the residue the 
less is false positive rate and vice versa for false 
negative rate.
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OUTPUT INTERPRETATIONSOUTPUT INTERPRETATIONS

• In this tool the optimal threshold value is -p
0.4411 (which is rescaled to zero in the graph).

• It has a MCC of 0.50 and AUC of 0.86.
• The threshold was obtained by doing 5-fold 

cross validation of a non-redundant set of 81 
RNAs taken from pdb.

• Uniqueness of this tool is that it uses both q
PSSM and physicochemical properties for RBR 
prediction.
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PARTSPARTS

Probabilistic Alignment for RNA joinT Secondary Probabilistic Alignment for RNA joinT Secondary 
structure prediction

Developed by University of Rochester, USA.

It is a tool to predict alignment and secondary g
structures of two RNA sequences.
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PARTSPARTS

In this tool the RNA base pairs are aligned first In this tool the RNA base pairs are aligned first 
and then they are aligned sequentially.

This helps in increasing the accuracy of 
d  t t  di tisecondary structure prediction.

It also considers insertion and deletion of base 
pairs.
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PARTSPARTS

Base pair 
insertion

G-U aligned to unpaired nucleotide
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PARTS ALIGNMENTPARTS ALIGNMENT

The alignment of RNA sequences is given The alignment of RNA sequences is given 
below. 
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SARSA (PARTS)SARSA (PARTS)

Pairwise Alignment of RNA Tertiary Structures

This tool gives pairwise alignment of RNA tertiary 
structuresstructures.

This tool converts the 3D structures of RNA to 1D SA 
(structural alphabet) letters.

Then it uses classical sequence alignment methods to Then it uses classical sequence alignment methods to 
compare their 1D SA-sequences and find the structural 
similarities.
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INPUT AND OUTPUTINPUT AND OUTPUT
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CONCLUSIONCONCLUSION

After studying these tools I found:y g
RNA motifs play a very important role in many 
biological processes.
With the help of angle mining we can predict a 
motif in a given RNA pdb file.
W   l  l if  tif  i   i  db fil  b  th  We can also classify motifs in a given pdb file by the 
help of angle mining.
Accurate alignment of RNA secondary and tertiary Accurate alignment of RNA secondary and tertiary 
structures would be more significant than 
sequence alignment.
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