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Human Genetic Variation
2007 Scientifc Breakthrough of the Year

Simple

http://www.sciencemag.org/content/318/5858/1842.full
http://www.sciencemag.org/content/318/5858/1842.full
http://www.sciencemag.org/
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Structural Genomic Variants
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Henry Stewart Talks on
Copy Number Variations

• Henry Stewart Talks  http://hstalks.com/
• Copy Number Variation
• Copy Number Variation  by Prof. Stephen Scherer
• CNVs in human genomes by Prof. Chris Ponting
• The Future of CNVs: Sequence base resolution and links to human disease 

Professor Evan Eichler – University of Washington
• You will need the Stanford name and password (stanford, member) in

order to watch this course off campus.

http://hstalks.com/
http://hstalks.com/
http://hstalks.com/main/search.php?q=Copy+Number+Variation&c=252
http://hstalks.com/main/view_talk.php?t=1393&r=439&j=757&c=252
http://hstalks.com/main/view_talk.php?t=1395&r=439&j=757&c=252
http://hstalks.com/main/view_talk.php?t=1409&r=439&j=757&c=252
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Henry Stewart Talks:� Copy Number Variation

http://hstalks.com/main/browse_talks.php?r=439&j=757&c=252

http://hstalks.com/main/browse_talks.php?r=439&j=757&c=252
http://hstalks.com/main/browse_talks.php?r=439&j=757&c=252
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Duplications and Deletions
in the Human Genome
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Percentage of Chromosomes Duplicated

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15496913
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The Spectrum of Variations
in the Human Genome

Sharp, Cheng & Eichler, Annu. Rev. Genomics Hum. Genet. 2006. 7:407–42
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Repeated Elements in the Human Genome
ERVs, LINES, SINES and ALUs

• ERVs-Endogenous Retroviruses
o 10,000 base long RNA genome
o Converted to DNA and integrate into genome with help of RNA reverse

transcriptase and integrase enzymes and long tandem repeats (LTRs)
o Transcribed into RNA and produce virus (example HIV)

Weiner Curr Opin Cell Biol, 2002 14 (3) 343-50 

http://www.ncbi.nlm.nih.gov/pubmed/12067657
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Retroviral Life Cycle

http://www.nimr.mrc.ac.uk/research/kate-bishop/

http://www.nimr.mrc.ac.uk/research/kate-bishop/
http://www.nimr.mrc.ac.uk/research/kate-bishop/
http://www.nimr.mrc.ac.uk/research/kate-bishop/
http://www.nimr.mrc.ac.uk/research/kate-bishop/
http://www.nimr.mrc.ac.uk/research/kate-bishop/


© Doug Brutlag 2015

Repeated Elements in the Human Genome
ERVs, LINES, SINES and ALUs

• ERVs-Endogenous Retroviruses
o 10,000 base long RNA genome
o Converted to DNA and integrate into genome with help of RNA reverse

transcriptase and integrase enzymes and long tandem repeats (LTRs)
o Transcribed into RNA and produce virus (HIV)

• LINES-Long Interspersed Nuclear Elements
o About 868,000 in human genome
o 6,500 base pairs long including LTRs
o Encode reverse transcriptase and integrase 
o Copy-paste mechanism to insert elsewhere

• SINES-Short Interspersed Nuclear Elements
o Millions in human genome
o 100-400 bases long
o Often contain RNA polymerase III promoters but no genes

• ALUs- The most common  SINE
o 1,500,000 copies = 11% of human genome
o 350 base pairs in length
o Contain an RNA Polymerase III promoter, Alu site
o Appear to evolve from 7S RNA signal recognition particle
Weiner Curr Opin Cell Biol, 2002 14 (3) 343-50 

http://www.ncbi.nlm.nih.gov/pubmed/12067657
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Unequal Crossing Over Leads to
Duplication and Deletion

Sharp, Cheng & Eichler, Annu. Rev. Genomics Hum. Genet. 2006. 7:407–42
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Intra-Chromosomal Crossing Over
Leads to Deletion

Sharp, Cheng & Eichler, Annu. Rev. Genomics Hum. Genet. 2006. 7:407–42
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Inter-Chromosomal Crossing Over
Leads to Inversion

Sharp, Cheng & Eichler, Annu. Rev. Genomics Hum. Genet. 2006. 7:407–42
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Intra-Chromosomal Crossing Over
Can Also Lead to Inversion

Sharp, Cheng & Eichler, Annu. Rev. Genomics Hum. Genet. 2006. 7:407–42
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Deletions and Insertions at
Repeat Sequences

Sharp, Cheng & Eichler, Annu. Rev. Genomics Hum. Genet. 2006. 7:407–42
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Variations in Tandem Repeat Arrays
Human α-Amylase Gene Repeats

Sharp, Cheng & Eichler, Annu. Rev. Genomics Hum. Genet. 2006. 7:407–42

FISH on DNA 8 or 12 tandem repeats 4 kb long

https://en.wikipedia.org/wiki/Alpha-amylase
http://www.ncbi.nlm.nih.gov/pubmed/16780417
http://www.ncbi.nlm.nih.gov/pubmed/16780417
http://www.ncbi.nlm.nih.gov/pubmed/16780417
http://www.ncbi.nlm.nih.gov/pubmed/16780417
http://www.ncbi.nlm.nih.gov/pubmed/16780417
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Mapping Structural Variation in Humans
>1 kb segments

- Structural Variations are Common
      40% of the genome 

-Structural Variations are involved in
      phenotype variation and disease 

- Until recently most methods for
detection were low resolution
(>50 kb)

 

Courtesy of Mike Snyder
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Why Study Structural Variation?
• They are common in “normal” human genomes

and they are a major cause of phenotypic
variation

• They are common in certain diseases,
particularly cancers, behavioral and
neurodegenerative diseases

• They are now also showing up in rarer diseases
and common behavioral disorders such as
autism, schizophrenia, attention defcit,
learning disabilities and many other
neurological and behavioral disorders 

Courtesy of Mike Snyder
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Copy Number Variation and Disease
2002

Henry Stewart Talks: Evan Eichler
 http://hstalks.com/main/view_talk.php?t=1409&r=439&j=757&c=252

http://hstalks.com/main/view_talk.php?t=1409&r=439&j=757&c=252
http://hstalks.com/main/view_talk.php?t=1409&r=439&j=757&c=252
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Comparative Genomics Hybridization
(CGH)

Courtesy of Mike Snyder
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Comparative Micro Arrays (CMA)
Using Genome Tiling Arrays

800 bp

25-36mer

Courtesy of Mike Snyder
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Detection of Duplications and Deletions
Using Chromosomal Micro-Arrays

10.9 Mbase deletion at 7q11 in Williams-Beuren Syndrome

7.2 Mbase duplication in 11q 

Miller et al., (2010) American Journal of Human Genetics 86, 749-764.
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verif ied

verif ied

Mapping Breakpoints of Partial
Trisomies of Chromosome 21

Courtesy of Mike Snyder
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Paired End Mapping  (PEM)
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Sequence Base Resolution of 
Structural Variation

Henry Stewart Talks: Evan Eichler
 http://hstalks.com/main/view_talk.php?t=1409&r=439&j=757&c=252

http://hstalks.com/main/view_talk.php?t=1409&r=439&j=757&c=252
http://hstalks.com/main/view_talk.php?t=1409&r=439&j=757&c=252
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Fine Scale Structural Variation
8.8 x Coverage of a Human Genome

Henry Stewart Talks: Evan Eichler
 http://hstalks.com/main/view_talk.php?t=1409&r=439&j=757&c=252

http://hstalks.com/main/view_talk.php?t=1409&r=439&j=757&c=252
http://hstalks.com/main/view_talk.php?t=1409&r=439&j=757&c=252
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A Structural Variation Map
of Eight Human Genomes

Henry Stewart Talks: Evan Eichler
 http://hstalks.com/main/view_talk.php?t=1409&r=439&j=757&c=252

http://hstalks.com/main/view_talk.php?t=1409&r=439&j=757&c=252
http://hstalks.com/main/view_talk.php?t=1409&r=439&j=757&c=252
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Genomics Distribution of CNV Regions

Courtesy of Mike Snyder
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Heterogeneity in Olfactory Receptor Genes
(Examined 851 Olfactory Receptor Loci)

CNVs affect:
93 duplicated genes
151 deleted genes 

Hasin, ..Snyder, .. Lancet et al. PLoS Genet. 2008 Nov;4(11)

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2570968/


© Doug Brutlag 2015

Clos Vougeot in Bourgogne

file:///Users/brutlag/Web%20Sites/Bourgogne%20Website/Clos%20Vougeot/Clos%20Vougeot.htm
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Chef d’Ordre de la Confrerie des
Chevalier du Tastevins
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Charcot-Marie-Tooth Hereditary Neuropathy (CMT1) Disease
Results From CNV of PMP22 Gene in 17p11.2-12

Peripheral Neuropathy, Yuen So, Medical Grand Rounds Jan 16, 2012

http://med.stanford.edu/irt/edtech/video/rea/?v=winter2013auth/video/grmed-01-16-2013-08r.mp4
http://www.ncbi.nlm.nih.gov/dbvar
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Charcot-Marie Tooth Hereditary Peripheral Neuropathy (CMT1)
Caused by Abnormal Myelination of Long Axons
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Charcot-Marie Tooth Hereditary Peripheral Neuropathy (CMT1)
Caused by Abnormal Myelination of Long Axons
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Charcot-Marie Tooth Hereditary Neuropathy
(CMT1) Disease Genes
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CMT Hereditary Neuropathy  Disease Genes
http://www.ncbi.nlm.nih.gov/books/NBK1358/

Gene Reviews
http://www.ncbi.nlm.nih.gov/books/NBK1358/

Schwann Cell

Axon proteins

Attachment
proteins

Axon surface
proteins

http://www.ncbi.nlm.nih.gov/books/NBK1358/
http://www.ncbi.nlm.nih.gov/books/NBK1358/
http://www.ncbi.nlm.nih.gov/books/NBK1358/
http://www.ncbi.nlm.nih.gov/books/NBK1358/
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Structural Variations in
Mendelian Disease 

Sharp, Cheng & Eichler, Annu. Rev. Genomics Hum. Genet. 2006. 7:407–42
Mendelian CNV mutations (Prof. Joris Veltman in  Henry Stewart talks)

http://hstalks.com/main/view_talk.php?t=1402&r=439&j=757&c=252
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Behavioral Diseases Associated with
Structural Variations

Feero et al. N Engl J Med 2012;366:733-43. 
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Next Generation Sequencing to Identify
Genes Associated with Learning Diability

Feero et al. N Engl J Med 2012;366:733-43. 
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Inversions Lead to Instability & Disease
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Inversion Hot Spots
Associated with Disease
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dbVAR Database at NCBI
http://www.ncbi.nlm.nih.gov/dbvar

http://www.ncbi.nlm.nih.gov/dbvar
http://www.ncbi.nlm.nih.gov/dbvar
http://www.ncbi.nlm.nih.gov/dbvar
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dbVAR Report on PMP22 Gene
http://www.ncbi.nlm.nih.gov/dbvar

http://www.ncbi.nlm.nih.gov/dbvar
http://www.ncbi.nlm.nih.gov/dbvar
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dbVAR Report on PMP22 Gene

http://www.ncbi.nlm.nih.gov/dbvar
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Database of Genomics Variants
http://dgv.tcag.ca/dgv/app/home

http://dgv.tcag.ca/dgv/app/home
http://projects.tcag.ca/variation/
http://dgv.tcag.ca/dgv/app/home
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Database of Genoic Variants
OPN1MW

http://projects.tcag.ca/variation/
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Database of Genomics Variants
http://projects.tcag.ca/variation/

http://projects.tcag.ca/variation/
http://projects.tcag.ca/variation/
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Database of Genomics Variants
http://projects.tcag.ca/variation/

http://projects.tcag.ca/variation/
http://projects.tcag.ca/variation/
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Database of Genomics Variants
http://projects.tcag.ca/variation/project.html

http://projects.tcag.ca/variation/project.html
http://projects.tcag.ca/variation/
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http://projects.tcag.ca/variation/
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Database of Genomics Variants Browser
http://projects.tcag.ca/cgi-bin/variation/gbrowse/hg18/

http://projects.tcag.ca/cgi-bin/variation/gbrowse/hg18/
http://projects.tcag.ca/variation/
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NHGRI Structural Variation Project
http://www.ncbi.nlm.nih.gov/projects/genome/StructuralVariation/NHGRIStructuralVariation.shtml

http://www.ncbi.nlm.nih.gov/projects/genome/StructuralVariation/NHGRIStructuralVariation.shtml
http://www.ncbi.nlm.nih.gov/


© Doug Brutlag 2015

NHGRI Structural Variation Clone Viewer
http://www.ncbi.nlm.nih.gov/projects/genome/StructuralVariation/NHGRIStructuralVariation.shtml

http://www.ncbi.nlm.nih.gov/projects/genome/StructuralVariation/NHGRIStructuralVariation.shtml
http://www.ncbi.nlm.nih.gov/
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Eichler Lab
http://eichlerlab.gs.washington.edu/database.html

http://eichlerlab.gs.washington.edu/database.html
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Copy Number Variation and Disease
2008

Henry Stewart Talks: Evan Eichler
 http://hstalks.com/main/view_talk.php?t=1409&r=439&j=757&c=252

http://hstalks.com/main/view_talk.php?t=1409&r=439&j=757&c=252
http://hstalks.com/main/view_talk.php?t=1409&r=439&j=757&c=252
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Copy Number Variation and Disease

Henry Stewart Talks: Evan Eichler
 http://hstalks.com/main/view_talk.php?t=1409&r=439&j=757&c=252

http://hstalks.com/main/view_talk.php?t=1409&r=439&j=757&c=252
http://hstalks.com/main/view_talk.php?t=1409&r=439&j=757&c=252

