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From Gene to Protein

Image from http://www.nature.com/scitable/topicpage/gene-expression-14121669

http://www.nature.com/scitable/topicpage/gene-expression-14121669
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Nature Reviews Drug Discovery 12, 433–446 (2013)
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• rRNA - ribosomal 
• tRNA - transfer RNA
• tmRNA - transfer-messenger
• Riboswitches

• regulatory segments of mRNA that bind 
ligands and regulate expression

•SRP - Signal Recognition particle

• Ribonucleoprotein for  protein trafficking

•snoRNAs - small nucleolar RNAs

•Process pre-rRNA, methylations and 
pseudouridylations

Classes of ncRNA
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• miRNA - mircoRNA
• transcription regulation

• PiRNA - Piwi Interacting RNA
• lncRNA - long non-coding
• siRNA - short interfering RNA
• RNaseP - RNA cleaving ribonuclease 
• Group I and II introns -  self-catalytic 

ribozymes 
• Circular RNAs
• snRNPs -  small nuclear ribonucleic proteins
• ……  

Classes of ncRNA
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• Most have conserved secondary structure
So what unifies these?
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Characteristics of 
ncRNASecondary Structure

170 Eric P. Nawrocki

Table 2
continued

Eukaryotes

Candida
dubliniensis [50]

Sanger Institute
UK

Unknown 101 0 Unknown 11

Leishmania
braziliensis [51]

Sanger Institute
UK

0 0 Unknown 6

Arabidopsis thaliana
[52]

multiple centers tRNAscan-SE,
tRNAscan

688 BLASTN 14 Unknown 689

Mus musculus [53] multiple centers tRNAscan-SE 509a Unknown 5 Unknown 4059a

a Numbers from NCBI (shown here) are inconsistent with explicitly mentioned counts given in the
referenced publication for this genome

Fig. 1 Information in a sequence-only versus a sequence and structure profile.
The eight sequence alignment for a fabricated RNA family used to build both of
the profiles is on the left. The struct line denotes the consensus secondary
structure of the family, with basepaired columns indicated by matching nested
< and > characters and connected by lines at top of the figure. The structure
is ignored by the sequence-only profile but used in the sequence and structure
profile to define dependencies between basepaired columns. The eight individual
secondary structures, defined by imposing the consensus structure on each
sequence, are shown on the right. Boxes with internal numbers at top and bottom
of the alignment indicate the number of bits per position from the sequence
(black ), or per basepair from the structure (white). This figure is similar to one
from [54]

eight known homologs at every position, then it is considered a
match, otherwise it is a mismatch. In this scenario, the specificity of
positions is defined by their conservation in the known homologs.
For example, alignment positions 4–7 are completely conserved,

Narwrocki, Methods in Molecular Biology 1097, 2014, pp 163-197
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The contribution of secondary 
structure

Additional information from structure
172 Eric P. Nawrocki

Fig. 2 Additional information (in bits) gained by sequence and structure profiles (CMs) versus sequence-only
profiles (HMMs) for various RNA families. Sequence and structure profiles are most advantageous for families
with less primary sequence information (towards left ) and more secondary structure information (towards
top), so Rfam families that gain the most from including secondary structure terms in a homology search are
those toward the upper left quadrant. Data shown for the 95 Rfam release 9.1 [55] families with 50 or more
sequences in the seed alignment. For each family, the seed alignment was used to build two profile models,
a CM and a profile HMM. From each model, 10,000 sequences were generated and scored, and the average
score per sampled sequence was calculated. Several of the outlying points are labeled by the name of RNA
family as given by Rfam. Note that the x-axis is drawn on a log scale. Models were built and sequences were
generated and scored using Infernal version 1.0 programs cmbuild, cmemit, and cmalign

profile (reducing 16 possibilities to 1), thus contributing the same
amount of information to either a sequence-only or a sequence and
structure profile.

For this example, we gain three additional bits of information
from considering structure, decreasing our chances of finding a
match in a random database by a factor of 23 = 8, from once every
214 = 4,096 nucleotides to once every 217 = 32,764 nucleotides.
For real functional RNAs the additional amount of information
gained from modeling structure varies widely. Figure 2 shows the
information in a sequence and structure profile (CM) versus a
sequence-only profile (HMM) for about 100 RNA families. Some
RNAs, like tRNA, include about as much information in their



The Open Door Workshop

miRNAs - 
A little 

more detail
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Emerging Field
• Databases are not as mature

• Rfam, lncRNAdb

• Vega

• miRBase and target databases

• RNACentral



Worked Examples
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