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Human Genetic Variation
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Science Magazine, December 21, 2007

“It’s all about me!”
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BREAKTHROUGH OF THE YEAR

Human Genetic |
\/ariation

Equipped with faster, cheaper technologies for sequencing %em::@

DNA and assessing variation in genomes on scales ranging %@;@

from one to millions of bases, researchers are finding out

how truly different we are from one another i (B0 0 )

add variety to the human genome. Reference



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 dises
Professor Evan Eichler — University of Washington

You will need the Stanford name and password (stanford, member) in
order to watch this course off campus.
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v View the Talks
i-wmm— 1. Copy number variation (37 mins) &

R Prof. Stephen W Scherer — Hospital for Sick Children and University of Toronto, Canada
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qu,;::;;;:;:—;—_ 2. Array comparative genomic hybridization to characterize copy number variation in the human genome (17
e e mins) &
;, Dr. Nigel Carter — The Wellcome Trust Sanger Institute, UK
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3. CNVs in human genomes (32 mins) &
Prof. Chris Ponting — University of Oxford, UK

4. Gene copy number variation in human and primate evolution (32 mins) &
Prof. James Sikela — University of Colorado, Denver, USA

5. Population genetics of structural variation (26 mins) &)
Dr. Don Conrad — Wellcome Trust Sanger Institute, Cambridge, UK

6. Genomic disorders: mechanisms for copy number variation and clinical implementation of high-resolution
genome analysis (64 mins) &
Prof. James Lupski — Baylor College of Medicine, USA

7. Databases for CNV in control and disease populations (47 mins) &
Dr. Lars Feuk — Uppsala University, Sweden
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Duplications and Deletions
in the Human Genome
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Figure 4 Segmental duplications across the genome. a, Segmental duplications and
sequence gaps across the genome. Segmental duplications are indicated below the
chromosomes in blue (length =10 kb and sequence identity =95%). Large duplications
are shown to appraximate scale; smaller ones ame indicated as ticks. Sequence 0dps are
indicated above the chromosomes in red. Large gaps (=300 kb) are shown to
approximate scale; smaller gaps are indicated as ticks with those that are 50 kb or smaller
shown as shorter ticks. Unfinished clones are indicated as black ticks. b, Percentage of
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The Spectrum of Variations
in the Human Genome

Table 1 The spectrum of variation in the human genome

= Variation Rearrangement type Size range®
Single base-pair changes Single nucleotide polymorphisms, point 1 bp
= mutations
Small insertions/deletions Binary insertion/deletion events of short 1-50 bp
Bij sequences (majority <10 bp in size)
. Short tandem repeats Microsatellites and other simple repeats 1-500 bp
Fine-scale structural variation Deletions, duplications, tandem repeats, 50bpto5 kb
INVErs10ns
= Retroelement insertions SINEs, LINEs, LTRs, ERVsP 300 bp to 10 kb
Intermediate-seale structural Deletions, duplications, tandem repeats, 5 kb to 50 kb
variation inversions
Large-scale structural variation Deletions, duplications, large tandem repeats, | 50kbtw 5 Mb
INVErsions
Chromosomal variation Euchromatic variants, large cytogenetically ~5 Mb to entire
visible deletions, duplications, translocations, chromosomes
inversions, and aneuploidy

Sharp, Cheng & Eichler, Annu. Rev. Genomics Hum. Genet. 2006. 7:407—42 © Doug Brutlag 2015



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

2 ®* 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 © Doug Brutlag 2015
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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 (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
1,500,000 copies = 11% of human genome

O

(@]

350 base pairs in length

e e L ot S S Stk te]
] 1 I @)

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 © Doug Brutlag 2015
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Unequal Crossing Over Leads to
Duplication and Deletion

==""" TEL
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Deletion or duplication
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FJ Sharp, Cheng & Eichler, Annu. Rev. Genomics Hum. Genet. 2006. 7:407—42 © Doug Brutlag 2015



Intra-Chromosomal Crossing Over
Leads to Deletion

© Doug Brutlag 2015



Inter-Chromosomal Crossing Over
Leads to Inversion

ABC TEL
TEL CBA

v Inversion

=== ™=
=== ™=

FJ Sharp, Cheng & Eichler, Annu. Rev. Genomics Hum. Genet. 2006. 7:407—42 © Doug Brutlag 2015



Intra-Chromosomal Crossing Over
Can Also Lead to Inversion

ABC

TEL

v Inversion
o [ CBA prummm = 7TE
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Y f Sharp, Cheng & Eichler, Annu. Rev. Genomics Hum. Genet. 2006. 7:407—42 © Doug Brutlag 2015



Deletions and Insertions at
Repeat Sequences

KBases KBases

rj i L R
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T ¥ Ay Sharp, Cheng & FEichler, Annu. Rev. Genomics Hum. Genet. 2006. 7:407—42 © Doug Brutlag 2015



Variations in Tandem Repeat Arrays

Human a-Amylase Gene Repeats
FISH on DNA 8 or 12 tandem repeats 4 kb long

LAl

TToITTRTN |1r| T TT QT T T1 1T L | L | T U | T T Ll | "_I'"T'|
B 9 19 0 10 20 30 40 50
copies copiles copies KBases

Sharp, Cheng & Eichler, Annu. Rev. Genomics Hum. Genet. 2006. 7:407—42 © Doug Brutlag 2015
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Mapping Structural Variation in Humans
>1 kb segments

Chromosome

ecuEE" - - Structural Variations are Common
40% of the genome

! . Genes from
Y R T | reference L . .
genome -Structural Variations are involved in
phenotype variation and disease
Deletion iABICH
nsertion (NN K& - Until recently most methods for
detection were low resolution
Inversion REEEN E | (>5O kb)

Duplication | A N E BN B BN

Courtesy of Mike Snyder © Doug Brutlag 2015



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 deficit,
learning disabilities and many other
neurological and behavioral disorders

Courtesy of Mike Snyder © Doug Brutlag 2015



HENRY

STEWART
TALKS

Copy Number Variation and Disease

2002

Gene Type Locus Duplicated Segment Phenotype

GSTT1 Decrease 22q11.2 54.3 kb Halothane/epoxide sensitivity

GSTM1 Decrease 1p13.3 18 kb Toxin resistance, cancer susceptibility

CYP2D6 Increase 22q13.1 Skb Antidepressant sensitivity

CYP21A2 Increase 6p21.3 35 kb Congenital adrenal hyperplasia

LPA Decrease  6q27 5.5"nkb Coronary heart disease risk

RHD Decrease  1p36.11 ~60 kb Rhesus bBlood group sensitivity
Dmm)— ——— Increase
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Henry Stewart Talks: Evan Eichler

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

© Doug Brutlag 2015


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

Comparative Genomics Hybridization

(CGH)
| |
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Loss in test DNA
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Comparative Micro Arrays (CMA)
Using Genome Tiling Arrays
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Detection of Duplications and Deletions
Using Chromosomal Micro-Arrays

A 10.9 Mbase deletion at 7q11 in Williams-Beuren Syndrome
+ chr?7 — y g g
NN A= O i R O]

B 7.2 Mbase duplication in 11q
T
= m. . ..m o .-“. L'Il! .m
< .chr 11 B
(R T N B-—{ T B s O O O y 9
- | Miller et al., (2010) American Journal of Human Genetics 86, 749-764. © Doug Brutlag 2015




LOG2 RATIO

LOG2 RATIO

Mapping Breakpoints of Partial
Trisomies of Chromosome 21
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Segmentation for 48085_532_48085_635 (48085_990bp) f|r21; with 3 segments

125
1.00
075
0.50
028
0.00
-0.28
-0.50
-0.76

LOG2 RATIO

: s S _.../\_/erned

' v X
A . . 3 F “
- .
. . . : A 2
10,000,000 15,000,000 20,000,000 25,000,000 30,000,000 35,000,000 40,000,000 45,000,000
BASITIAN

10,000,000 15,000.000 20,000.000 25,000.000 30,000,000 35,000,000 40,000,000 45,000,000
FOSITION

verif ed
Segmentation for 87173_532_87173_635 (87173_990bp) - ch@h with 3 segments

10,000,000 15,000.000 20,000.000 25,000,000 30,000,000 35,000.000 40,000,000 45,000,000
POSITION

Courtesy of Mike Snyder



Paired End Mapping (PEM)

Cancordant (&) Relative insertion (B) Relative deletion (C} Relative inversion (D}
Senomic DA ———i - { i e = =y
InartONA : g T —

Figure 3:; Paired-end mapping (PEM)

A Wbrary of known insert size e.9., 40kb fosmid sequences or 3kb DNA fragments is end sequenced and aligned o a genomic assembly.

{A) Ends that map at a similar distance and orientation 1o the genomic assembly are concordant and do not indicate any structural variation.
(B) Ends that map at a distance significantly less than the insert size on the genomic assembly indicale an insertion in the insert relative 1o
the assambly.

(C) Ends thal map at a dislance significantly more than the insert size on the genomic assembly indicate an deletion in the insert relative to
the assambly.

(D) Ends that map in the same orientation on the genomic assembly indicate an inversion relative to the assembily.

© Doug Brutlag 2015
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Sequence Base Resolution of
Structural Variation

Genomic library
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Henry Stewart Talks: Evan Eichler
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Fine Scale Structural Variation

8.8 x Coverage of a Human Genome
(Build35 vs. Fosmids)
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A Structural Variation Map
of Eight Human Genomes
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Genomics Distribution of CNV Regions
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Heterogeneity in Olfactory Receptor Genes

(Examined 851 Olfactory Receptor Loci)
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Database of genomic structural variation

Charcot-Marie-Tooth Hereditary Neuropathy (CMT1) Disease
Results From CNV of PMP22 Gene in 17p11.2-12

Repeat

pmp22 Repeat

Repeat P%Pzz Repeat prp22 Repeat Repeat
Nepent PIP22 - PMP22 -

Figure 1: Charcot-Marie Tooth (CMT) disease

Urequal crossing over between two highly homologous repeats on chromosome 17p12 can result in (A) 3 copies of the PMP22 gene
with the CMT1A phenotype or the reciprocal (B) and 1 copy of the PMP22 gene with the HNPP phenotype.

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

tﬁ ﬁ.,},,r j E. kL I‘x- © Doug Brutlag 2015
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Charcot-Marie Tooth Hereditary Peripheral Neuropathy (CMT1)
Caused by Abnormal Myelination of Long Axons

2
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- Dendrite Axon
) terminal
Node of
¢ 4 I Soma Ranvier
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Schwann cell

Nucleus Myelin sheath
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Charcot-Marie Tooth Hereditary Peripheral Neuropathy (CMT1)
Caused by Abnormal Myelination of Long Axons

Schwann cell

0
\

Distribution of major myelin
proteins in Peripheral ve
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cENEReviews

| Charcot-Marie Tooth Hereditary Neuropathy

(CMT1) Disease Genes
Table 3. CMT1: Molecular Genetics
Locus Proportion of CMT1 Gene )
) 1 Protein Product
Name (excluding CMTX) Symbol
CMT1A 70%-80% PMP22  Peripheral myelin protein 22
CMT1B 10%-12% MPZ Myelin Pg protein
CMT1C 1% LITAF Lipopolysaccharide-induced tumor necrosis
factor-alpha factor
CMT1D Unknown EGRZ Early growth response protein 2
CMT1E 1% PMP22 Peripheral myelin protein 22
(sequence changes)
CMT1F/2E Unknown NEFL Neurofilament light polypeptide

© Doug Brutlag 2015



GENEReviews

CMT Hereditary Neuropathy Disease Genes
http:/ / www.ncbi.nlm.nih.gov /books /NBK1358 /

Demyelinating CMT
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http://www.ncbi.nim.nih.gov/books/NBK1358/

Gene Reviews

© Doug Brutlag 2015
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Structural Variations in
Mendelian Disease

Table 3 Summary of common genic structural variations with known phenotypic effect

Population | Dipleid | Size of varjant
" Gene name(s) Locus frequency copies segment Associated phenotype
GSTMI 1pl3.3 =3% 1-3 18 kb Altered enzyme activity
RHD 1p36.11 | 15-20% 0-2 ~60 kb Rhesus blood group
sensitivity
SMN? 5q13.2 ~60% 1-4 500 kb Altered severity of spinal
. muscular atrophy
CYP21A42 6p2132 | 1.6% 23 35 kb Congenital adrenal
. hyperplasia
LE4 fg25.3 94% 2-38 35 kb Altered coronary heart
disease risk
o-Defensin gene Bp2i.l ~90% 4-14 19 kb Immune system function
. cluster
. p-Defensin gene Bp23.l ~O0% 2-12 240 kb Immune system function
cluster
IGHGI region 14q32.33 12-74% 1-6 5-170 kb Immune system function?
CCL3-L1/CCL4-L1 | 17ql2 51%/27% 0-14 =2kb Susceptibility to and
progression of HIV
| infection, susceptibility
to Kawasaki disease
CYP2A46 19q13.2 1.7% 2-3 7kb Altered nicotine
metabolism
IGL 22q11.22 18-85% 2-7 5.4 kb Altered Iga:Igh in B
lymphocytes
GSTT1 22q11.23 20% 0-2 =50 kb Altered susceptibility to
toxins and cancer
CYP2D& 22q13.1 1-29% 0-13 Undefined Altered drug metabolism,
increased cancer
susceptibility
OPNILWYOPNIMW | Xq28 75% 0-4/0-7 15 kb/13 kb Defective color vision
Testis-specific genes | Yql1.2 3.2% -1 1.6 Mb Low-penetrance
(DAZ, BPY, REM spermatogenic failure
families)

| ¥ W ;} - Mendelian CNV mutations (Prof. Joris Veltman in Henry Stewart talks)
-4 gé {“ " 4 Sharp, Cheng & Eichler, Annu. Rev. Genomics Hum. Genet. 2006. 7:407—-42 © Doug Brutlag 2015
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Table 1. Novel Recurrent Copy-Number Changes Associated with Intellectual Disability and Related Disorders.*

Chromosome Deletion or Duplication Associated
Region Coordinates in MbT with Disorder Selected References
1g21.1 Chromosome 1: 145.0-146.35 Deletion: intellectual disability, schizophrenia, Brunetti-Pierri et al.,** Mefford et al.,**
multiple congenital anomalies International Schizophrenia Consortium,??
Duplication: intellectual disability, autism Stefansson et al.,?* Greenway et al.,?®
Haldeman-Englert and Jewett®”
3g29 Chromosome 3: 197.4-198.9 Deletion: intellectual disability, schizophrenia Ballif et al.,®® Lisi et al.,*® Willatt et al.*®
Duplication: intellectual disability
10g22-q23 Chromosome 10: 81.12-89.07 Deletion: intellectual disability Balciuniene et al.,** van Bon et al.*?
15g11.2 Chromosome 15: 20.3—-20.7 Deletion: intellectual disability, schizophrenia, Stefansson et al.,®5 de Kovel et al.,** Mefford
epilepsy et al_,** Burnside et al.,** Doornbos et al.,*®
Murthy et al.,*” von der Lippe et al.*®
15g13.3 Chromosome 15: 28.7-30.2 Deletion: intellectual disability, epilepsy, Stefansson et al.,*® Helbig et al.,*® Sharp
schizophrenia, autism et al.,*® van Bon et al.,*! Ben-Shachar
et al.,*2 Pagnamenta et al.,*® Miller et al.>4
1524 Chromosome 15: 72.2—73.8 Deletion: intellectual disability, autism Andrieux et al.,*® Sharp et al.,*® Mefford
et al.,*” El-Hattab et al.5®
16pll.2 (a) Chromosome 16:29.5-30.1 Deletion: intellectual disability, autism, Weiss et al.,?® Battaglia et al.,*® Bijlsma
obesity et al.,®® Hempel et al.,®* Shinawi et al.,®?
Duplication: schizophrenia Jacquemont et al.,®* Walters et al.,5*
McCarthy et al.®®
16pll.2 (b) Chromosome 16: 28.7-29.0 Deletion: intellectual disability, obesity Bachmann-Gagescu et al.,*® Bochukova
et al.®?
l6pl2 Chromosome 16: 21.8-22.4 Deletion: intellectual disability Girirajan et al.®®
16pl3.11 Chromosome 16: 15.4-16.4 Deletion: intellectual disability, epilepsy, de Kovel et al.,** Mefford et al.,** Heinzen
autism, schizophrenia et al.,®® Williams et al.,”? Ullmann et al.,”*
Duplication: intellectual disability, ADHD, Kirov et al.”=
autism
17gl2 Chromosome 17: 31.8-33.3 Deletion: intellectual disability, autism, Moreno-De-Luca et al.,”® Loirat et al.?*

schizophrenia

17g21.3 Chromosome 17: 41.0-41.7 Deletion: intellectual disability Koolen et al.,*® Sharp et al.,*® Shaw-Smith
et al.,>* Koolen et al.”®

* The listed recurrent deletions and duplications are those that have been reported since 2006. ADHD denotes attention deficit—hyperactivity
disorder.
T The coordinates are based on the National Center for Biotechnology Information (NCBI) build 36.

Feero et al. N Enal J Med 2012:366:733-43. © Doug Brutlag 2015
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Study

Ng et al.’
Hoischen et al.®®

Vissers et al.*®
Najmabadi et al.2%°
Caliskan et al.*®

O'Roak et al. 192

Next Generation Sequencing to Identity
Genes Associated with Learning Diability

Disorder Presumed Inheritance

Kabuki syndrome De novo dominant
Schinzel-Giedion syndrome De novo dominant

Nonsyndromic sporadic intellectual De novo dominant

disability
Recessive intellectual disability
guineous families

Recessive intellectual disability
guineous family

Autism De novo dominant

Feero et al. N Enal Jd Med 2012:366:733-43.

Autosomal recessive, consan-

Autosomal recessive, consan-

Type of Analysis
Multiple affected
Multiple affected

Trio
Targeted recessive
Recessive

Trio

Genes
MLL2
SETBP1
Multiple

Multiple
TECR

FOXP1, GRINZB,
SCN1A, LAMC3

© Doug Brutlag 2015



Inversions Lead to Instability & Disease

Table 2 Summary of polymorphic inversions that predispose to further rearrangements

Cytogenetic | Population | Size of inversion

Locus location frequency region Associated predisposition

OR genes 4pl6 12% ~t Mb t(4;8)(p16;p23) translocation

Sotos syndrome 5q35 Unknown 2.2 Mb Deletion of SoS enitical region

critical region

Williams-Beuren 7q11.23 Unknown 1.6 Mb Deletion of WBS critical region

syndrome critical (and atypical WES
region phenotype?)

OR genes 8p23 26% 4.7 Mb inv dup(8p), +-der(8)(pter-
p23.1::p23.2-pter) and
del(8)(p23.1;p23.2)

Angelman syndrome 15q11-q13 9% ~4.5 Mb Deletion of AS critical region

critical region

Proximal Yp Ypll.2 33% ~4 Mb PREX/PREY translocation (sex
reversal)

© Doug Brutlag 2015



Inversion Hot Spots
Associated with Disease
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Database of genomic structural variation

NCBI

dbVAR Report on PMP22 Gene

http:/ / www.ncbi.nlm.nih.gov/dbvar

Resources [~] How To [v]

dbVar

[ dbVar

Limits Advanced

Variant Information

' Genomic location:

Variant accession: nsva743889

Organism: Human [l 13,500 K 14 M 14,500 K 15 M 15,500 K
Study: nstd54 [k

Variant Type: CNV . | I . | I ! | | — — =
Method type: SNP array QA mm Em o =] o= = == o
Validation: Not tested [oN = = — c

Submitted:
- 15,435,991

[ MCEI36 (hgl8); Chrl7: 14040467-15435991 3]
Detailed Variant Placement Information
1D Placement Type Assembly Placement Start Stop
NC_000017.9 Submitted Genomic NCBI36 (hg18) Chr17 14,040,467 15,435,891
Supporting Variants
1D Type Allele Sample Subject Assembly Placement Start Stop Placement
Length ID Phenotype Type
nssv867002 Gain 1395524 Mot reported NCBI36 Chr17 14,040,467 15,435,981 Submitted
(hg18) Genomic
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Homo sapiens chromosome 17, reference assembly, complete sequence
NCBI Reference Sequence: NC_000017.9

.-_iﬂz. This sequence has been updated. See current version.
GenBank FASTA

Link To This Page | Help | Feedback | Printer-Friendly Page

NC_000017.9 (78,774,742 bases) -
= | 2 Sequence | [ ) Set Origin | ¥ Views & Tools~ ¥ Markers | Search...
WP L L 1?".'.HP?".'.. 20M , |25m , , |sOM  , |30M , , [4OM [4FM  , [SOM  , |SSM ., |6OM ,  |S3M , ., [TOM TETT4TIZ
13,342,705 : 16,054,010 (2,711,306 bases shown, positive strand) a ||
- | & Sequence | 4\ Flip Strands | @, G, e | 5 | % Tools~ it @ Markers | 4, Configure
< [13400K [13B00K [13800K [14M  [14200K [14400K |14B00K |14800K |1SM  |1S200K [15400K [15800K [15800K (16
Tiling Path {Components) |l
A B ACD.. [CACD... (3 ACO..  [<ACO..) < < AL == =
| . = AT = TACDD  CACDD
— = == —

nstdS4: Cooper et al 2011 Structural Viariation

B ¥sv574389

B sv5/743589 |
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Content Growth

This graph shows the increase in published structural variation data that have been added to the database since its start in 2004; the numbers reflect the year of publication.
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NHGRI Structural Variation Project

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

NHGRI Strucharal Varlation Clona Wiewsr = NHGARI  Eichler Lab ‘

White Paper on structursl genomics |
NHGRI Structural Variation Project

Thsb Sacpabnoe-tutad Jurvey of Human Smachirsl VArision Sl 10 chamcoibnbs corsmsn Sinaciural vaAars Tal &ne [argar Man SN, o examgbe,

. multi-base inserionsideletions, inversions, ranslocations, and duplications. The approach enfalls sequencing T ends of losmids and BACS from
miziiple ndividieals. This sealagy can ba aflciently scaled with currant echnology and is complamantary i afons o oblaen human srucsaml
nﬂuﬂmlnhrrmn-.-uﬂmuﬁumiu g

. Fosmid library information
autmitied to Trace aubemitind 1o GanBank Referance
i WAISS10 | WA WIZ (G248) | Complete 2,008 B85 322 | Tupen elel, 2008
’ MATBS1T | Yondba ABCT Complete | 2182475 115 | Widd et al, 2008
WA18507 | Yonda | ABCE Campleis | 3,888,478 68 | Widd etal, 2008
MATBISE | Japan ABCS Complate | 2,084 Ba2 B51 | Kiddetal, 2008
NA19240 | Yonba | ABCO Complets | 2,121 480 385 | Widd etal, 2008
MAIBSSS | China ABCA1 Complete | 1,086 844 313 | Kiddetal, 2008
WAIZETE | GEPH | ABCi2 Complete | 2,189,280 312 | Widd etal, 2008
| NAIDIZE | Yonuba ABC13 Complate | 2,057 345 257 | Kiddetal, 2008
AT Z15H CEPH | ABC4 Complaia | 2,085,153 F06 Kidd et al., 2008
MA1BS52 China Jour Complat | 1,062 678
AT BG4T Japan | aBcis Ongoing | 1,548,191 12
HA1BESY | China ABCAT Ongoing | 5E s
A1 DB4T CEPH | ABC1S Ongoing | 1209419
MAIBSTI | China ABC19 Ongoing | 43,351
NA19102 Yonba | ABC20 Gngoing | B3 566
MAI1583 | CEPH ABC2 Gngoing | BB4.716
AT 1840 | CEPH | aBczz Gngoing | 78S 451
MAIBZ23 | Yonsba ABCE3 Gngoing | 1,544 582 |
AT BEO2 Yondba | ABC24 Gngoing | 1,388 082 22
A1 1B32 CEPH ABC2Y Ongoing | 12285
AT BES1 Wondba | ABC2S Gngoing | 14550
A1 BS42 | Japan | MACET I':i'llpulng | 1,234 412 | a |

* The JCV1 kbeary is comprised af 4 kbeades: SOR1, COR0Z, COA2A and CORDA
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Eichler Lab

http:/ / eichlerlab.gs.washington.edu /database.html
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= Homar J. Simpaon

Eichler Lab
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University of Washington

What's New

- Databases
People
JFr— Human Sagmental Duplcatons Sept 20, 2009
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Copy Number Variation and Disease
STEWART
TALKS 2008

Gene Type Duplicated Segment Disease/Phenotype

C4A/C4B Decrease 32.8 kb Lupus® (SLE) Yang, 2007

DEFB4.103.104 Increase 310 kb Psoriasis Hollox, 2008
Decrease Crohn disease, IBD Fellerman, 2006

CCL3L1 Decrease 64 kb HIV susceptibility  Gonzalez, 2005

FCGR3B Decrease il Glomeruloneprhitis  Aitman, 2006

Fanciulli, 2008
IRGM Deletion & Crohn disease Parkes, 2007

“*correspond to more ancient primate segmenial duplications
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2= Copy Number Variation and Disease
STEWART

TALKS Copy number pql?'n'!urphism in Fcgr3 predisposes to
glomerulonephritis in rats and humans

Timothy . Aitman, Rong Dong' ®, Timothy 1. Vyse™ ™, Penny ). Norsworihy' *, Michelie D, Johnson

Jennifer Smith’, Jonathan Mangion', Cheri Roberton-Lows"~, Amy ). Marshall’, Enrico Petretto’,

Matthew D, Hodges', Gurjeet Bhangal”, Sheetal G Patel, Kelly Sheehan-Rooney’, Mark Duda'™, Paul R, Cook'™,
David | Evans’, Jan Domin’, Jonathan Flint", Joseph ). Boyle”, Charles D. Pusey” & H. Terence Cook’

Nature, 2006

The Influence of CCL3L7 Gene-
Containing Segmental Duplications
on HIV-1/AIDS Susceptibility

Ervigue Conzaler."® Hemant Culkarni,'* Hector Belives,'*!
Andres Mangans, ™ Racguel Sancher.' ] Cabriel Catano,"
Robert | Hibbs": Barry | Fresdéman,”; Marion P. Qainones, "
Mickasl | Bamshad,” Krishaa K. Morthy,® Brad H, Bovia,”
William Bradley,"” Bobert &, Clark,' Stephanie A. Anderson,"®
Reobert | OCannell,™ " Brisn K Agsn* ™
feema §. Ahufa,' BosaBologna,"' Lulss Sen”
Matthew | Dolan™™ "5 Sunil K. Ahujs"s

Science, 2005, 307

A Chromosome 8 Gene-Cluster Polymorphism with Low Human
Beta-Defensin 2 Gene Copy Number Predisposes to Crohn s=—
Disease of the Colon

Klaws Fellermann, Dandel E. Stange, Elke Schaefieler, Hartmut Schmalzd, lan Wehkamp,

Charles L. Bevins, Walter Beinisch, Alexamder T=ml, Matthias Schwab, Peter Lichter,
Bernbard BEadiwimmer, and Eduasrd F Stange

The American Journal of Human Genetics, 2006, 79
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