
Lab 8.3 1

Lab 8.3: RNA Secondary Structure 

Jennifer Gardy
Centre for Microbial Diseases and Immunity Research
University of British Columbia         jennifer@cmdr.ubc.ca



Lab 8.3 2

Outline

• The chocolate receptor – yum!

• MFOLD: Secondary structure prediction

• Building a consensus sequence

• Forcing base pairs

• Searching for RNA motifs in the genome
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The chocolate receptor

• Human chocolate receptor found!

• You suspect that the 
chocolate receptor is 
posttranscriptionally 
regulated in response to 
complex behavioral stimuli, 
but how?
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Unusually long 3Unusually long 3’’ UTRUTR
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Analysis of the 3’ UTR

• Lab studies show bases 3430-4025 necessary and 
sufficient for posttranscriptional regulation

• Cross-linking data shows a protein factor (the 
Valentine factor) binds this region in at least two, if not 
more, places

• Sequence analysis doesn’t turn up anything
•• RNA binding proteins often donRNA binding proteins often don’’t recognize t recognize 

SEQUENCE, they recognize STRUCTURESEQUENCE, they recognize STRUCTURE
– Many RNA secondary structures involved in gene regulation 

are short hairpins with a bulge in the stem
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Hypothesis

• The Valentine factor proteins binds the chocolate 
receptor 3’ UTR via a conserved secondary structure 
RNA motif to regulate expression of the receptor

• Computational analysis (2° structure prediction) can 
identify this motif in the chocolate receptor

• We can use our motif to find more Valentine-regulated 
genes in the human genome
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2° Structure Prediction with MFOLD

• MFOLD developed by Mike Zuker in 1989
• Uses energy minimization to predict folding of an RNA 

sequence into a secondary structure:
– Uses a set of base pairing rules (e.g. G:C, A:U, G:U only) to 

create “optimal” structure (lowest free energy) and 
“suboptimal” structures (within 12kcal/mol of optimum)

– 41% overall accuracy when tested on known RNA structures 
(Doshi et al., BMC Bioinformatics 5:105)

Day 8 Day 8 wikiwiki > > HSCHOCR_utr.txtHSCHOCR_utr.txt file (FASTA file of key file (FASTA file of key 
region involved in gene regulation) region involved in gene regulation) –– open onscreenopen onscreen
Open a 2Open a 2ndnd browser to the MFOLD web server:browser to the MFOLD web server:
http://http://www.bioinfo.rpi.edu/applications/mfold/old/rnawww.bioinfo.rpi.edu/applications/mfold/old/rna//
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Submitting RNA to MFOLD

Use default parametersUse default parameters

Scroll Scroll wayyyywayyyy down and hitdown and hit
““Fold RNAFold RNA””

Paste your sequencePaste your sequence
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On your own: Viewing MFOLD Predictions – ~15min.

• Have each team member open one of the top four 
structures onscreen:
– Save file locally, at shell prompt, type gvgv filenamefilename

• Look for conserved 2° structure motifs
– Hint: Pay special attention to hairpin loops with a bulge!

• How many motifs do you find in each structure?
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2 Motifs in Optimal Structure
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3 Motifs in Structures 2 & 3
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From Motif to Sequence
• 6bp loop, 3bp – bulge – 5bp stem
• Grab sequences of the motifs found:

– 3rd motif in structures 2, 3 is shortest
– Use as a guide for the lengths of the others

UUAUCGGAAGCAGUGCCUUCCAUAAUUAUCGGAAGCAGUGCCUUCCAUAA
GUAUCGGAGACAGUGAUCUCCAUAUGUAUCGGAGACAGUGAUCUCCAUAU
UUAUCGGGAGCAGUGUCUUCCAUAAUUAUCGGGAGCAGUGUCUUCCAUAA
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From Sequence to Consensus

• Align sequences

• Note conserved residues
– Trim non-conserved ends

• Organize into structure
– Helps with covariance
– Will help downstream

• Change Us to Ts
– FASTA file is ACTGs

UAUCGGAAGCAGUGCCUUCCAUA
UAUCGGAGACAGUGAUCUCCAUA
UAUCGGGAGCAGUGUCUUCCAUA

UAU|C|GGAAG|CAGUGC|CUUCC|AUA
UAU|C|GGAGA|CAGUGA|UCUCC|AUA
UAU|C|GGGAG|CAGUGU|CUUCC|AUA
>>> * >>>>>        <<<<< <<<

TAT|C|GGAAG|CAGTGC|CTTCC|ATA
TAT|C|GGAGA|CAGTGA|TCTCC|ATA
TAT|C|GGGAG|CAGTGT|CTTCC|ATA
>>> * >>>>>        <<<<< <<<

UUAUCGGAAGCAGUGCCUUCCAUAA
GUAUCGGAGACAGUGAUCUCCAUAU
UUAUCGGGAGCAGUGUCUUCCAUAA
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On your own: Consensus Sequence – ~5 min.

• What would the motif’s consensus sequence be?

• Search 3’ UTR FASTA file for more occurrences:
>HSCHOCR Human mRNA for chocolate receptor; positions 3430..4025
tatttatcagtgacagagttcactataaatggtgtttttttaatagaata 
taattatcggaagcagtgccttccatatatcggaagcagtgccttccataattatgacagttatactgtcggt 
tttttttaaataaaagcagcatctgctaataaaacccaacagatactgga
agttttgcatttatggtcaacacttaagggttttagaaaacagccgtcag
ccaaatgtaattgaataaagttgaagctaagatttagagatgaattaaat
ttaattaggggttgctaagaagcgagcactgaccagataagaatgctggt
tttcctaaatgcagtgaattgtgaccaagttataaatcaatgtcacttaa
aggctgtggtagtactcctgcaaaattttatagctcagtttatccaaggt
gtaactctaattcccatttgcaaaatttccagtacctttgtcacaatcct
aacacattatcgggagcagtgtcttccatatatcgggagcagtgtcttccataatgtataaagaacaaggtag
tttttacctaccacagtgtctgtatcggagacagtgatctccatatatcggagacagtgatctccatatgtta
cactaagggtgtaagtaattatcgggaacagtgtttcccatatatcgggaacagtgtttcccataattt

TAT|C|GGAAG|CAGTGC|CTTCC|ATA
TAT|C|GGAGA|CAGTGA|TCTCC|ATA
TAT|C|GGGAG|CAGTGT|CTTCC|ATA
>>> * >>>>>        <<<<< <<<
TAT C GGTAT C GG------ CAGTGCAGTG-- ----TCC ATATCC ATA
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Are There Even More Motifs?

• Search for sub-segments of the consensus

• Our sequence contains FIVEFIVE motifs!

>>> * >>>>>        <<<<< <<<
TAT C GGTAT C GG------ CAGTGCAGTG-- ----TCC ATATCC ATA
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Revisit MFOLD with New Information

• MFOLD allows you to “constrain” base pairing
– When you have prior information about some of the 

secondary structure elements in a sequence (e.g. which 
bases should pair with each other to form a helix)
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On your own: Forcing Base Pairs – ~15min.

• Force command = F a b c
– a: residue number of first base pair
– b: residue number of last base pair
– c: how many consecutive bases to pair
– E.g. F F 11 99 33

• Given the information below, set up constraints in 
MFOLD to force the formation of our five motifs:

• Rerun MFOLD with your constraints, view optimal 
structure

CCATATGACGACATATGG
11 3 5 7 3 5 7 99
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5   |TAT|C|AGTGA|CAGAGT|TCACT|ATA|  275   |TAT|C|AGTGA|CAGAGT|TCACT|ATA|  27
55  |TAT|C|GGAAG|CAGTGC|CTTCC|ATA|  77 55  |TAT|C|GGAAG|CAGTGC|CTTCC|ATA|  77 
458 |TAT|C|GGGAG|CAGTGT|CTTCC|ATA| 480 458 |TAT|C|GGGAG|CAGTGT|CTTCC|ATA| 480 
523 |TAT|C|GGAGA|CAGTGA|TCTCC|ATA| 545 523 |TAT|C|GGAGA|CAGTGA|TCTCC|ATA| 545 
570 |TAT|C|GGGAA|CAGTGT|TTCCC|ATA| 592570 |TAT|C|GGGAA|CAGTGT|TTCCC|ATA| 592

>>> * >>>>>        <<<<< <<<>>> * >>>>>        <<<<< <<<
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MFOLD Constraints
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Comparison – Final (L) vs. Original (R)
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Demonstration: Finding More Motifs in the Genome

• Are other human genes regulated by Valentine factor 
binding to a motif in the UTR?

• Find dataset of human genes to search against:
– Can we constrain our search to a subset of the genome?
–– Must have 5Must have 5’’ or 3or 3’’ UTRUTR
– What resource could we use to create this dataset?
–– EnsemblEnsembl’’ss BioMartBioMart

• Create a description of our motif and use this to 
search the database
– RNAMOT
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Creating the Dataset

• Ensembl > BioMart > Homo sapiens genes
• Export > Sequence > 5’ UTR

– Gene ID
– Description

• Same for 3’ UTR
• Gunzip each file
• Concatenate:

–– cat file1 file2 > file3cat file1 file2 > file3
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RNAMOT

• Simple motif-searching algorithm (1990)
– Other motif searching methods available (e.g. RNAMotif), 

but require more complex input scripts
• Command-line usage
• Basic command:

–– rnamotrnamot ––s s ––s s datasettosearchagainstdatasettosearchagainst ––d d motifdescriptormotifdescriptor ––o resultso results

• -s: sequences to be scanned for the motif
– UTRs from Ensembl

• -d: motif descriptor file
• -o: where to write the output to
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RNAMOT Descriptor

• Describes the 2° structure motif we are searching for 
in terms of its secondary structure elements (SSEs)
– H = helix (stem), s = single-stranded (loop, bulge)

H1 s1 H2 s2 H2 H1H1 s1 H2 s2 H2 H1
H1 3:3 0H1 3:3 0
H2 5:5 0H2 5:5 0
s1 1:1 0s1 1:1 0
s2 6:6 0s2 6:6 0

M 0M 0
W 0W 0

Order of SSEs, 5’-3’
Helix 1 has min. length 3, max. length 3, no variation

SS region 1 is 1 base long (bulge)
SS region 2 is 6 bases long (loop)

Helix 2 has min. length 5, max. length 5, no variation

Do not permit mismatches
Do not permit wobble base pairs (G:U)

rnamotrnamot ––s s ––s s human_UTRs.fastahuman_UTRs.fasta ––d d choc_rec.txtchoc_rec.txt ––o o results.txtresults.txt
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RNAMOT Analysis of Human UTRs
• 4560 genes, 5381 motifs
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Take Home Messages
• MFOLD and other RNA secondary structure prediction 

tools rarely give the right answer first (or at all)
– Too many possible structures in the low energy 

neighbourhood
• Can be used as a “first-pass” tool

– Eyeball key conserved motifs
– Collect sequences to build a consensus

• Often need to adjust parameters
– Use prior knowledge to force base pairing

• Motif-searching tools can be used to identify 
conserved secondary structure motifs in a sequence 
database
– Retrieves more results than sequence-based searches
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Other (Optional) Activities

• The Valentine factor binding motif in the chocolate 
receptor is actually IRE - the iron response element.

• The chocolate receptor is transferrin and the Valentine 
factor is IRF/IRE-BP.

• Visit UTRSite to learn about IRE. What is UTRSite?
– http://www2.ba.itb.cnr.it/UTRSite/
– Signal Manager > U0002

• Visit Rfam’s IRE entry. What is Rfam?
– http://www.sanger.ac.uk/cgi-bin/Rfam/getacc?RF00037

• Read about the IRE in its biological context 
– PMID: 8710843 


