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Gene Regulatory Mechanisms

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

• RNA processing
– 5’ Capping & 3’ poly-adenylation
– RNA degradation rates
– Splicing and Alternative Splicing

• Translational Mechanisms
– Micro RNAs (miRNAs) control translation & degradation of

mRNAs
– Silencer RNAs (siRNAs or RNAi) catalyze degradation of  mRNA

• Epigenetic Mechanisms
– Chromatin remodeling in active and inactive regions
– Histone acetylation, phosphorylation and methylation
– DNA methylation in inactive regions
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The ENCODE Project
http://www.genome.gov/encode/

• The ENCODE Project searches the human genome for:
– Transcribed regions
– Conserved regions
– Transcription factor genes
– Transcription factor and other protein binding sites
– DNA methylated regions
– Regions with “open” chromatin
– lncRNA coding regions
– Regions associated with modifed histones (Chip-CHIP)
– Regions associated with disease (GWAS)

• So far these functional or conserved regions comprise 80% of
the human genome.

http://www.nature.com/news/encode-the-human-encyclopaedia-1.11312

http://www.genome.gov/encode/
http://www.nature.com/news/encode-the-human-encyclopaedia-1.11312
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ENCODE Explained
http://www.nature.com/nature/journal/v489/n7414/full/489052a.html

http://www.nature.com/nature/journal/v489/n7414/full/489052a.html
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Making a Genome Manual
http://www.nature.com/news/encode-the-human-encyclopaedia-1.11312#/manual

http://www.nature.com/news/encode-the-human-encyclopaedia-1.11312#/manual
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Epigenome Roadmap
http://www.roadmapepigenomics.org/

http://www.nature.com/nature/journal/v518/n7539/full/nature14248.html

http://www.roadmapepigenomics.org/
http://www.nature.com/nature/journal/v518/n7539/full/nature14248.html
http://www.nature.com/nature/journal/v518/n7539/full/nature14248.html
http://www.nature.com/nature/journal/v518/n7539/full/nature14248.html
http://www.nature.com/collections/vbqgtr
http://www.roadmapepigenomics.org/
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Epigenome Roadmap
http://www.nature.com/collections/vbqgtr

http://www.nature.com/collections/vbqgtr
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Conserved Regions in CFTR Intron

Pheasant & Mattick, Genome Res. 17: 1245-1253 (2007)

http://www.ncbi.nlm.nih.gov/pubmed/17690206?dopt=Citation
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Gene Expression Regulatory Network

Current Opinion in Genetics & Development
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Yeast Regulatory Motifs

Lee et al. Science 298, 799-804 (2002)

http://www.ncbi.nlm.nih.gov/pubmed/12399584?dopt=Citation


© Doug Brutlag 2015

Prokaryotic Regulatory Genes Grow as
the Square of the Total Number of Genes

Mattick (2004) Nature Reviews Genetics 5: 316-323.

http://www.ncbi.nlm.nih.gov/pubmed/15131654?dopt=Citation
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Fraction Non-Protein-Coding DNA
During Evolution

Mattick (2004) Nature Reviews Genetics 5: 316-323.

http://www.ncbi.nlm.nih.gov/pubmed/15131654?dopt=Citation
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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
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siRNA mediated
degradation of mRNA
 &
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 Structure & Function

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

http://www.ncbi.nlm.nih.gov/pubmed/15925505?dopt=Citation
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Initiation of Translation

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

3’ UTR

5’ UTR 

5’ UTR 

3’ UTR

http://www.ncbi.nlm.nih.gov/pubmed/18197166?dopt=Citation
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Mechanisms of Translational Regulation
by miRNP Complexes

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

CNOT6

http://www.ncbi.nlm.nih.gov/pubmed/18197166?dopt=Citation
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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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Genomic Organization of miRNA Genes

Zhao Y, Srivastava D, TIBS 32:189,2007

•Intronic miRNAs often in antisense direction, made from own
promoter

•Exonic miRNAs - non-coding (or in alternatively spliced exons)

u.francke.hgjc.10/9/07

http://www.ncbi.nlm.nih.gov/pubmed/17350266?dopt=Citation
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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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Predicted miRNA Precursors

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

http://www.ncbi.nlm.nih.gov/pubmed/12672692?dopt=Citation
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miRBase
http://www.mirbase.org/

http://www.mirbase.org/
http://www.mirbase.org/
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miRBase::MicroCosm miRNA Targets
http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/targets/v5/#

http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/targets/v5/
http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/targets/v5/
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Human miRNAs (March 4, 2014)

• Total number of miRNAs known    24,521
• Number human miRNAs identifed      2,652
• Number of human mRNA targets    34,788

• miRNAs can have multiple targets
• Target mRNAs can have multiple miRNA binding

sites

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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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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miRNAs Involved in Human Cancer
(Croce Nat Rev Genet. 2009 Oct;10(10):704-14.)

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
http://www.ncbi.nlm.nih.gov/pubmed/19763153?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1
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miRNAs as Oncogenes and Tumor Supressors
Zhang et al Dev Biol. 2007 Feb 1;302(1):1-12

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$=relatedreviews&logdbfrom=pubmed
http://www.ncbi.nlm.nih.gov/pubmed/16989803?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_SingleItemSupl.Pubmed_Discovery_RA&linkpos=1&log$=relatedreviews&logdbfrom=pubmed
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cMyc & miRNAs Regulate E2F1 Cell Cycle TF
Zhang et al Dev Biol. 2007 Feb 1;302(1):1-12

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$=relatedreviews&logdbfrom=pubmed
http://www.ncbi.nlm.nih.gov/pubmed/16989803?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_SingleItemSupl.Pubmed_Discovery_RA&linkpos=1&log$=relatedreviews&logdbfrom=pubmed
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miRNA 17-92 Cluster Activated by Myc

O’Donnell et al. Nature 2005 435, 839-843

http://www.ncbi.nlm.nih.gov/pubmed/15944709?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/15944709?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/15944709?dopt=Citation
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Myc Represses Most Other miRNAs

© George Calin

http://webinar.sciencecareers.org/miRNA/lobby.html
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DICER1 mutations in cancers

N Engl J Med 2012; 366:234-242January 19, 2012
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miRNA Oncogenes or Tumor Suppressor Genes
(Croce Nat Rev Genet. 2009 Oct;10(10):704-14.)

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
http://www.ncbi.nlm.nih.gov/pubmed/19763153?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1
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miRNAs as Cancer Diagnostics

© 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 in Cancer
http://www.kegg.jp/pathway/hsa05206

http://www.kegg.jp/pathway/hsa05206
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miRNAs in Cancer
http://www.kegg.jp/pathway/hsa05206

http://www.kegg.jp/pathway/hsa05206
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miRNAs and Cancer – A Summary

• miRNAs control cell cycle, cell differentiation and apoptosis by
regulating oncogenes and tumor supressor 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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Important Micro RNA Web Sites 

• miRBase: http://www.mirbase.org/ 
• MicroCosm: http://www.ebi.ac.uk/enright-srv/microcosm/

• miRNAminer: http://groups.csail.mit.edu/pag/mirnaminer
• miRNAviewer: http://people.csail.mit.edu/akiezun/miRviewer
• Patrocles: http://www.patrocles.org/ 
• TargetRank: http://hollywood.mit.edu/targetrank
• TargetScanS: http://www.targetscan.org/ 

http://www.mirbase.org/
http://www.ebi.ac.uk/enright-srv/microcosm/
http://groups.csail.mit.edu/pag/mirnaminer
http://people.csail.mit.edu/akiezun/miRviewer
http://www.patrocles.org/
http://hollywood.mit.edu/targetrank
http://www.targetscan.org/
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miRNA Dysregulation in Cancer
Croce Nat Rev Genet. 2009 Oct;10(10):704-14.

Croce Nat Rev Genet. 2009 Oct;10(10):704-14
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Micro RNAs Regulate Cell Growth and Death

© Frank Slack frank.slack@yale.edu
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Micro RNAs Commonly Associated with
Human Cancer
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MicroRNAs Commonly Associated
with Human Cancer
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A Simplifed History of Life on Earth
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miRNA 17-92 induces lymphomagenesis


