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Announcements

•  For those of you taking the course for Credit or for a Letter
Grade:
– Your 1-2 page paper for credit or a 4-5 page paper for a letter

grade will be due March 16 by 7:00 PM (the time of last class).
– Possible homework topics are on the course web site
– http://bio84.stanford.edu/
– You must send me your paper as an email or email attachment

to brutlag@stanford.edu.
– I do not accept hardcopy“papers”.

http://bio84.stanford.edu/
mailto:brutlag@stanford.edu
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Gene Regulatory Mechanisms

• Transcriptional Mechanisms
– Type of promoters & RNA polymerase
– Control of Transcription
– Transcription Factors and TFBS

• RNA processing
– Capping
– Splicing and Alternative Splicing
– Poly-Adenylation

• Translational Mechanisms
– Micro RNAs (miRNAs) inhibit translation
– Silencer RNAs (siRNAs or RNAi) degrading mRNA

• Epigenetic Mechanisms
– DNA methylation
– Histone modifcations
– Chromatin remodeling
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Mechanism of Translation
Mediated by Ribosomes

Belasco, Nature Reviews Molecular Cell Biology 11, 467-478 (July 2010)

Bacteria

Human

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3145457/
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Regulation of Translation by microRNAs

• MicroRNAs can inhibit translation of mRNAs and cause
degradation of mRNAs

• Micro RNAs form an RNA-Induced Silencing Complex (RISC)
that can both inhibit translation and degrade mRNA

• MicroRNA RISC complexes bind to the 3’ UTR regions of
mRNAs and stop translation and induce mRNA degradation
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Annu. Rev. Cell Dev.
Biol. 2007.23:175-205

microRNA Biogenesis

http://www.ncbi.nlm.nih.gov/pubmed/17506695?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/17506695?dopt=Citation


© Doug Brutlag 2016

Mechanisms of Translational Regulation
by miRNP Complexes

Filipowicz (2008) Nature Review Genetics 9:102-112.

http://www.ncbi.nlm.nih.gov/pubmed/18197166?dopt=Citation
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siRNA and miRNAsiRNA mediated
degradation of
mRNA
 
versus

miRNA
mediated
inhibition of
mRNA
translation

Filipowicz, Curr. Op. Structural Biology 15: 331-341 (2005)

http://www.ncbi.nlm.nih.gov/pubmed/15925505?dopt=Citation
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Dicer Mechanism
(New York Museum of Modern Art - MOMA)

http://www.moma.org/
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miRNA Expression Results in Temporal and Spatial
Reciprocity with Target Expression

Annu. Rev. Cell Dev. Biol. 2007.23:175-205

http://www.ncbi.nlm.nih.gov/pubmed/17506695?dopt=Citation
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Predicted miRNA Precursors

Lim (2003) Genes & Dev. 17: 991-1008

http://www.ncbi.nlm.nih.gov/pubmed/12672692?dopt=Citation
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Human miRNAs (March 9, 2016)

• Total number of miRNAs known    28,645
• Number human miRNAs identifed      2,661
• Number of human mRNA targets    34,788

• Each miRNA can have multiple mRNA targets (13 on average)
• Each mRNA can have multiple miRNA binding sites (each

mRNA has 2 miRNA binding sites on average)

miRBase @ http://www.mirbase.org/
MicroCosm @ http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/targets/v5/#u.francke.hgjc.10/9/07

http://www.mirbase.org/
http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/targets/v5/
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Homology Between
C. elegans and

Human miRNAs

Homology
Between
C. elegans and
Homo sapiens
miRNAs

Lim (2003) Genes & Dev. 17: 991-1008

http://www.ncbi.nlm.nih.gov/pubmed/12672692?dopt=Citation
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miRNAs Affect Everything

© Frank Slack frank.slack@yale.edu

http://webinar.sciencecareers.org/miRNA/lobby.html
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MicroRNAs and Human Cancer

© George Calin

http://webinar.sciencecareers.org/miRNA/lobby.html
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miRNA Profling Using Custom Microarrays

© Frank Slack frank.slack@yale.edu
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miRNAs as Oncogenes and Tumor Suppressors

Zhang et al Dev Biol. 2007 Feb 1;302(1):1-12

http://www.ncbi.nlm.nih.gov/pubmed/16989803?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_SingleItemSupl.Pubmed_Discovery_RA&linkpos=1&log$=relatedreviews&logdbfrom=pubmed
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miRNAs Involved in Human Cancer

Croce Nat Rev Genet. 2009 Oct;10(10):704-14

http://www.ncbi.nlm.nih.gov/pubmed/19763153?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1
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Micro RNAs Commonly Associated with
Human Cancer

© Frank Slack frank.slack@yale.edu

MicroRNAs Commonly Associated
with Human Cancer
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miRNAs and Cancer – A Summary

• miRNAs control cell cycle, cell differentiation and apoptosis
by regulating oncogenes and tumor suppressor genes

• miRNAs are misexpressed in cancer and are therefore
excellent diagnostic/prognostic markers in cancer

• Some miRNAs e.g. mir-155, can cause cancer and oncogenic
miRNAs may be therapeutic targets in cancer 

• Other miRNAs like let-7, may prevent cancer and may be
therapeutic molecules themselves.

• MicroRNAs could augment current cancer therapies.

© Frank Slack frank.slack@yale.edu

http://webinar.sciencecareers.org/miRNA/lobby.html
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