
MicroRNAs (I)



Eucariotas tienen mas posibilidades de regulación que 
procariotas en los que se regula principalmente el inicio:

• La estructura de la cromatina puede y tiene que ser 
modificada de diferentes maneras para iniciar la transcripción

• El inicio y los niveles de transcripción se regulan mediante 
factores de transcripción que se unen a elementos 
regulatorios en cis

• Splicing, (adición del cap 5’) y cola poli(A)
• Proceso del transporte al citoplasma
• Degradación del mRNA: mayor rango de vida media en 

eucariotas (en procariotas se degradan rápidamente)
• Regulación post-transcripcional (microRNAs)

• Se regula la iniciación de la traducción 
• Modificaciones postraduccionales pueden cambiar la 

conformación o llevar a la degradación

La regulación génica puede tomar lugar en 

cualquiera de los pasos que llevan del DNA 

(gen) a la proteína

Regulación de la expresión 
génica: Niveles de regulación



Biogenesis

• Most microRNAs are transcribed 

by Pol-II in the nucleus

• Primary transcripts (pri-

microRNA) get cleaved by 

ribonuclease III enzyme Drosha

• The pre-microRNA is transported 

to the cytoplasm 

• pre-microRNAs  are cleaved by 

Dicer → miRNA/miRNA* duplex

• Mature microRNAs have a 

typical length of 22nt

• microRNAs recognize their 

target genes by sequence 

complementarity within a miRNA 

– protein complex

• Usually only one sequence of 

the duplex is functional and the 

other gets degraded 



How it all began …

????



How it all began …

???? Three main principles

1. Not protein coding (non-coding genes) 

around 22 nt in length

2. Regulate other genes by sequence 

complementarity

3. The target sites are usually within the 

3’UTR region



They were emissaries

• Let-7 is strongly conserved 

between C. elegans, D. 

melanogaster and H. sapiens

• Let-7 has complementary sites 

in 3’UTR 



Early 2000 – the show begins

• microRNAs exist in most 

metazoan and plant species

• microRNAs are strongly 

conserved



Comparison between plant and animal microRNAs

• In plants, maturation finishes in the nucleus
• In animals, two different enzymes Drosha and Dicer while in plants only one enzyme 

cleaves the pri-miRNA/pre-miRNA
• HUA Enhancer (HEN) methylates the mature microRNAs at the 2’-hydroxy termini of 

both strands



Was the wheel invented twice?

Therefore, at present only five groups of eukaryotes 
are known to possess miRNAs, indicating that 
miRNAs have evolved independently within 
eukaryotes through exaptation of their shared 
inherited RNAi machinery.



Conservation and function

• In total, >45,000 miRNA target sites within human 3′UTRs are 

conserved above background levels

Conservation of the target 

site that is complementary to 

the 5’ end of the microRNA



Conservation and function

• In total, >45,000 miRNA target sites within human 3′UTRs are 

conserved above background levels

• >60% of human protein-coding genes have been under selective 

pressure to maintain pairing to miRNAs

• Mammal specific microRNAs have less conserved target sites that 

microRNAs that have arisen before

➢ Conservation implies function at sequence level

➢ High number of target genes implies that most pathways might be 

influenced by microRNAs to some degree

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2612969/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2612969/


Reverse genetics: phenotypes produced by microRNAs

“Indeed, loss-of-function studies disrupting miRNA genes in mice have revealed diverse phenotypes, including 

defects in the development of the skeleton, teeth, brain, eyes, neurons, muscle, heart, lungs, kidneys, 

vasculature, liver, pancreas, intestine, skin, fat, breast, ovaries, testes, placenta, thymus, and each 

hematopoietic lineage, as well as cellular, physiological, and behavioral defects. Many of these 

developmental and physiological defects affect embryonic or postnatal viability or cause other severe 

conditions, such as epilepsy, deafness, retinal degeneration, infertility, immune disorders, or cancer. In 

addition, some miRNA- knockout strains have altered susceptibility to infections, and many have differential 

responses to mouse models of diseases or injuries.”

• 69 out of 88 miRNA knockout in flies 

show severe mutant phenotypes

• In mice, abnormal phenotypes were 

observed for 20 highly conserved 

(bilaterian ancestor) miRNA families



microRNAs and function

• Sequence conservation (both of the targets and the microRNA 

sequences)

• Many microRNAs produce phenotypes in knock-down studies

How are these functions carried out, how can we 

classify or define them?

microRNAs play important roles in many 

molecular functions and biological processes 



microRNAs and robustness of biological processes

• Robustness refers to a system’s ability to 

maintain its function in spite of internal or 

external perturbations

• miRNAs can act to reinforce the 

transcriptional gene expression program by 

repressing leaky transcripts.

First known functions of microRNAs: 

“sharpening developmental transitions by 

suppressing residual transcripts that were 

specific to the previous stage”

Anticorrelated expression of miRNAs and targets 

in developmental transitions. In 

the Drosophila embryo, neurectodermal

progenitors express miR-124 as they differentiate 

into neurons. Neuronal genes that are induced 

during this transition tend not to have miR-124 

sites, whereas genes expressed in epidermal tissues 

that are also ectodermal derivatives are enriched 

for miR-124 sites (Stark et al., 2005). Thus, 

expression of miR-124 stabilizes the neuronal 

transition. A reciprocal pattern holds for the 

ectoderm-specific miR-9a.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3351105/#R76


Target recognition
https://www.cell.com/cell/fullt

ext/S0092-8674(05)01272-9

Conferring robustness 

to gene expression

‘Fine-tuning’ gene 

expression in complex 

networks

Both ‘ways’ imply negative 

regulation of gene expression 

through sequence 

complementarity 

https://www.cell.com/cell/fulltext/S0092-8674(05)01272-9
https://www.cell.com/cell/fulltext/S0092-8674(05)01272-9


How are the targets recognized?

• AGO are key proteins

• AGO2 has catalytic activity

• 5′ base of the guide RNA with a 
preference for U or A binding

• AGO2-deficient mice are 
embryonic lethal



How does the target site look like?

• Best studied feature is the 

frequent existence of a 

seed match region

• Perfect complementarity 

between microRNA and 

mRNA from position 2 to 8 

of the microRNA

Non-canonical sites

Canonical sites

• No seed match

• High compensatory pairing 



How can we detect or predict target genes?

Thermodynamic models: Gibbs 

free energy 

Typical secondary structures of RNA 

molecules 

Apply computer programs like 

RNAhybrid to RNA sequences

duplex

Seed match from 

positions 2-8)



How can we detect or predict target genes?

Energetically preferable 

structures 

Problems with target predictions:
• Functional target site might not be the one 

with lowest free energy

• Not all targets have a seed

• Seed complementarity can be due to chance

alone

• Many possible combinations between 

hundreds of microRNAs and thousands of 

transcripts 

→ Very high number of false positives

Structure with seed



Golden standard: reporter gene assays

http://www.promega.es/products/pm/applications-of-reporter-gene-

assays/analyzing-mirna-targets/

Interaction between 

one microRNA and 

one target sequence 

(3’UTR) can be 

measured directly



RIP-sequencing

• Cross-linking of RNA y 

proteins

• Immunoprecipitation for 

the protein of interest 

(such as AGO)

• Purify RNA

• Generation of cDNA 

library

• NGS sequencing and 

bioinformatics analysis



TarBase



Strength and scope of repression

• Hundreds of genes are regulated but normally 

only to modest degrees

• Targeting is primary through seed matches

• Translationally repressed by more than a third 

also displayed detectable mRNA destabilization

• For higher repressed targets, mRNA 

destabilization usually comprised the major 

component of repression

• Most microRNA/mRNA interactions to fine-tune the protein levels



Strength and scope of repression

• Only the most abundant 

microRNAs within a cell 

mediate significant target 

suppression

• Over 60% of detected 

microRNAs had no 

discernible activity, 

indicating that the functional 

‘miRNome’ of a cell is 

considerably smaller than 

currently inferred from 

profiling studies 



How can we detect or predict microRNA genes?

>cel-lin-4 MI0000002 

AUGCUUCCGGCCUGUUCCCUGAGACCUCAAGUGUGAGUGUACUAUUGA

UGCUUCACACCUGGGCUCUCCGGGUACCAGGACGGUUUGAGCAGAU

RNAfold



Detecting new microRNA genes: pre-NGS

CC          A         TC   T G  A A 

CATTGGCATA ACCCGTAGA  CGA CTTGTG TG   G  

|||||||||| |||||||||  ||| |||||| ||    T 

GTGACTGTGT TGGGTATCT  GCT GAACAC GC   G 

GT          C         TC   C      - CAG

Prediction based in compositional and structural features
• Minimum Free Energy
• Number of bindings
• Loop Length
• Number of bulges, bulbs
• Compositional features (G+C content, dinucleotide frequencies)

In the human genome exist approx. 11 million hairpin structures

→ High rate of false positive predictions



microRNAs and robustness of biological processes

Output of a region of 100kb with default parameters → 42 novel miRNA genes

High number of false positive predictions → new methods are needed



How can we detect or predict microRNA genes?

>cel-lin-4 MI0000002 

AUGCUUCCGGCCUGUUCCCUGAGACCUCAAGUGUGAGUGUACUAUUGA

UGCUUCACACCUGGGCUCUCCGGGUACCAGGACGGUUUGAGCAGAU

RNAfold

>cel-lin-4-5p MIMAT0000002 

UCCCUGAGACCUCAAGUGUGA



Novel microRNAs through high-throughput sequencing

AACCCGTAGATCCGATCTTGTGA

AACCCGTAGATCCGATCTTGTG

AACCCGTAGATCCGATCTTGT

CC          A TC T G  A A

CATTGGCATA ACCCGTAGA CGA CTTGTG TG   G  

|||||||||| |||||||||  ||| |||||| ||    T 

GTGACTGTGT TGGGTATCT GCT GAACAC GC   G 

GT          C TC C - CAG

TGTCTGGGTATCTTCGCTCGAAC

AGTCTGGGTATCTTCGCTCGAAC

GTCTGGGTATCTTCGCTCGAAC

Dicer
Drosha

• Drosha/Dicer (DCL in plants) processing patterns can be detected

• Both mature microRNAs (both arms) are represented in the sample?

• 5’ end of the mature microRNA shows less fluctuation

• Virtually all reads are organized in one or two clusters

5’

3’



miRBase: the widely used reference database

• Most used reference database

• During many years the only 

existing database



El primer microRNA: lin-4

• El pre-microRNA tiene aproximadamente 
entre 70-100 nt

• La estructura secundaria del pre-microRNA 
está caracterizada por una ‘horquilla’

Estructura secundaria

‘brazo’ 5’ (hasta el loop)

‘brazo’ 3’ (desde el loop hasta 3’)

En rosa: microRNA maduro ‘5p’

En rosa: microRNA maduro ‘3p’

loop



Nomenclatura

Guide strand: el microRNA maduro 
funcional (la secuencia que se va a 
incorporar en RISC)

Passenger strand: la secuencia que 
normalmente se degrada



• Los microRNA en miRBase suelen tener nombres compuestos de 4 partes como: 

mmu-miR-375-5p.

• Las primeras tres letras indican la especie. Por ejemplo, hsa para humano, mmu

para ratón, rno para rata, etc.

• Un nombre de microRNA en minúscula (hsa-mir-22) hace referencia al gen de 

microRNA o al pre-microRNA. Al microRNA maduro se refiere con ‘miR’ (hsa-

miR-22-5p)

• El número que lleva el nombre del microRNA se asigna de forma secuencial. 

• 5p hace referencia al brazo (5p o 3p), 5’ en este caso

• ¡OJO! Antiguamente al microRNA maduro menos frecuente se asignaba un 

asterisco, por ejemplo hsa-miR-19 (microRNA predominante) y hsa-miR-19*

• Excepciones a estas reglas se mantienen por motivos históricos en las familias let-7 y 

lin-4

• Mas información acerca de la nomenclatura se puede encontrar en el siguiente 

articulo: Victor Ambros, Bonnie Bartel, David P. Bartel, Christopher B. Burge, James C. Carrington, Xuemei
Chen, Gideon Dreyfuss, Sean R. Eddy, Sam Griffiths-Jones, Mhairi Marshall, Marjori Matzke, Gary Ruvkun, and 
Thomas Tuschl. A uniform system for microRNA annotation. RNA 2003 9(3):277-279.

miRBase: nomenclatura

http://www.rnajournal.org/cgi/content/full/9/3/277


Some nomenclature (miRBase)

cel-lin-4

5’ arm

3’ arm

5’ arm: cel-lin-4-5p

3’ arm: cel-lin-4-3p

loop



The Metazoan microRNA complement
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