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— Abstract

UNDERSTANDING OF EPIGENETICS AND DNA METHYLATION

Jung-Hwan Oh, ichiro Nishimura*
Department of Oral and Maxillofacial Surgery, School of Dentistry, Kyung-Hee University, Seoul, Korea
*The Jane and Jerry Weintraub Center for Reconstructive Biotechnology,
Department of Advanced Prothodontics, School of Dentistry, UCLA, USA

Genetic variation in the human genome occurs on various levels: from the single nucleotide poly-
morphism to large, microscopically visible chromosome anomalies. It can be present in many forms,
including variable number of tandem repeat (VNTRs: e.g., mini- and microsatellites),
presence/absence of transposable elements (e.g., Alu elements), single nucleotide polymorphisms,
and structural alterations (e.g., copy number variation, segmental duplication, inversion, transloca-
tion).

Until recently SNPs were thought to be the main source of genetic and phenotypic human varia-
tion. However, the use of methods such as array comparative genomic hybridization (array CGH)
and fluorescence in situ hybridization (FISH) have revealed the presence of copy number varia-
tions(CNVs) ranging from kilobases (kb) to megabases (Mb) in the human genome. There is great
interest in the possibility that CNVs play a role in the etiology of common disease such as HIV-
1/AIDS, diabetes, autoimmune disease, heart disease and cancer. The discovery of widespread copy
number variation in human provides insights into genetic variability among populations and pro-
vides a foundation for studies of the contribution of CNVs to evolution and disease.

Key words: Genetic variation, Single nucleotide polymorphism (SNP), Copy number variation

(CNV)

[.M B ddgrItgAd e B4 471 4 oA skl 717t
O Aoz YAE F #Ax Y dddr] wds 9
20019 2" Q7 Z2AEY o) 917F DNAY 30 "ghe gojoltt. dE 9, cytos1ne°] thyminel &,
7 A7 Go] e T Be APREL §A4 HHI} o] adenine®] guaninel.2 A&A fFHMolon] A F7}A|
A A 24 QA 29} 75 Y-S vlH A A7F Aol oF 1000 3He] ddA7IvtE o] EAshe=

£ olalE] flate Aty el B 2] AR Aoz A drh
MY At & 47 FEolA Weo el ddd gdgr|gEg e 7t KT 2dFY TS A
71Y9&A (single nucleotide polymorphism, SNP)E & 0} M 8§44 HelZ geFoy, HAZde §
A3 oP, TR @?E’—E} WA A AAEQ] F2He )
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22 kilobaseolXl megabase ©9¢ £ copy number
variation®] SASHA A7t Axe] 47 WHol7} @&t
SAG7IHEA Bt ol A WA o3t Py
o} ¥t 2712 EAshe Ao HEHYY.

At Aol L dda7IdEA MY dne
2 WA £ 3le GUAFEA 948 7K e R o) F
oA Slth. A7]ellE theket 3719 variable number of
tandem repeat (VNTRs; e.g., mini- and microsatel-
lites), Alu elements, HEE7IHEA, a2lz 724 ¥
o] (1€ €9, copy number variations, ZHEA], 99,
AH) ol E3Eh (Table 1)12,

Simple sequence length polymorphism (SSLP)&
VNTRs, microsatellites, 12|31 tandem repeats® £
gk, ZiRlutch theyet 22 EA)3k= tandem repeatsE T
dete 54 DNAFH AH-E 4 e gofott. Azt
65%B =T U3 DNAZR TAHY gla, vynx] REe

Table 1. Cl

3 7R e U2 FHe BHEAHQ AER o] FolA ¢t
FU EEe £33 copiesTHY HEE "‘moderately
repetitive sequence’ 2kl 3ttt Q17F DNAY ¢ 25% %
T7} o] FHeaele] &3¢t} Moderately repetitive non-
coding DNAS] t#%-2 “Long INterpersed Elements
(LINEs)' & 343tk ©]3L retrovirus-like ancestors
dA feE Aoz Addd urA 10%8 =9 Azt
DNAE 10%tellA 1009 copies el MEZ A3
th R £ o] highly repetitive DNAE “Short
INterpersed Elements (SINEs)”. o1&{g& MEE2 o+
w7154 olm thE4<l SINEZE 300 bp 2719] Alu
element”} 1t}. Q17 DNAol= <F 300,000 ~ 500,000
70¢] Alu element?} AFAJ= o] $iTt, o] AL AT FHFE
o] <k 6-8% F=E T+t

Azt Al AA A4AH] i€ LINEs and SINEs$
22 long clusters of tandem repeats FEHZ AAH =

SNP

Insertion/deletion
Variation (InDel)

Microsatellite
(e.g. CAn repeats)

Minisatellite and
VNTRs

Multisite variant
(MSV)

Intermediate-sized
structural variant

Copy number
polymorphism;
(large-scale CNV)

Single base pair variation found iﬁ'>1% of Chromosome

Deletion or insertion of a segment of DNA includes small
polymorphic changes and large chromosomal aberrations.
InDels )1 kb in size ae often also called CNVs

Sequence containing variable numbers of 1-6 bp repeats
totaling (200 bp in length

Polymorphic sequence containing 20-50 copies of 6-100
bp repeats

Single nucleotide variant with complex characteristics due
to CNV or gene conversion

Gain or loss of a DNA sequence 78 kb in size also includes
inversion breakpoints

Copy number change >1 kb. If the frequency is )1%, it is
called a CNP. LCVs are CNVs ~50 kb in size or greater

~10 million SNPs in the human population

~1 million InDels polymorphisms 71 bp in
the human genome

>1 million microsatellites in the human
genome, accounting for ~3% of the sequence.

~150,000 minisatellites, of which 20%
are polymorphic

The number of MSVs is currently unknown

297 ISVs were identified using a fosmid
library from a single genome

The frequency of CNVs in the human genome is
unknown. Estimates of larger CNVs ()50 kb)

Inversion Rearrangement causing a segment of DNA to Estimates of microscopically detectable inversion
be present in reverse orientation frequencies are 0.12-0.7% (pericentric) and
0.1-0.5% (paracentric)
Translocation Rearrangement in which a DNA fragment is attached to 1/500 is heterozygous for a reciprocal
different chromosome translocation and 1/1000 for Robertsonian
translocations
Unbalanced Rearrangements which lead to a net gain or loss of Unbalanced rearrangements occur in ~1/1500
Rearrangements DNA are referred to as unbalanced live births
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o ¢ WA Q] DNAZF &, ©1F “satellite DNA" 2
31, tandem< ¥t Fol| A3 DNAS Alolol| Eo]
glo] WHEEE AEE ouldt}. Satellite DNAE 973
O 2 A3 “heterochromatin” o)#He ZLHEH S o) F
i gio}.

SatelliteBt} &2 go|HAM L tandem repeatsS
‘mini-satellites” £+ “Variable Number of Tandem
Repeats (VNTRs) gtal gh, dubd o2 g 79 VNTR
d& 5~50719] tandem repeats’} EAJ3Hc}.

I. Copy Number Variation2| 7Hdz} oja|

AT AEL BE Z47to 2 HE] ¥ 2340 a7 b
DNATZS ¢ 609 79| wE8 LEfol=, 3% 7] /A
Az R0l Ak AT AEM FRRE dubgor
T 7€ copiesZ ©]FA Sith. Copy numbers 9 4

F AR °}°ﬂ/‘1 A el fARt B Eear] 591
copy ATE gttt uSAELSGE 7 A F )
9] copy number® Z=th 43 GAA ] 24 AL B
g AFEE TAE 2L FAAY copyE et A4
T U3 2L A A2 92 gig g (allele) S 7}
AR, FUT Aol A gt deisiA XA gt F )
o 9% dE¥gLE A T"rZ‘iZP% FRAEA
(homozygous)”, A& & thyd g 7}{ FAAE o
Bk jzZ}Z}(heterozygous gt g U} A e F 7]
“homologous copies’ & 7I A 1°T [AE “olu ]
(diploid) &kt 3tx, ZF GAaA ¢ 22 2 W copyTt %
= A$E "4 (haploid)” ek &

(o3

_Q, —'>J L 1:!8, F”lo

oizt A= 9l Copy Number Variation3} 28X &

oz Z e cople s& ZAT 3
} o w3, &, == Al 79

copies® Zte A47t HuHa, 1% fA4 AA7 A&
ZA$E @AY EH, o]F “copy number variation
(CNV)Zz gk, CNVe B4 (duplication)yt A&
(deletion)oll 2l&te] DNA AHe] 1 Kb(kilobase)©]4e]
copy number ¥&E 9n|gth(Fig. 1), CNVe
tandem duplication® Zo] B3 12U £ 91, 7
Fe] tF AN deAde] 534 FAY G
JHNE BT S O‘E‘r CNVehRe &0l Helqirt
ol wtEEl= AN 2EE A3 copy number poly-
morphism, large-scale copy number variants, inter-
mediated-sized structural variations 55 ¥Z3dt= 7}
o]t} CNVE tandem duplication® 22 @124

& 3 AwY 48 F¢9A homologous sequences

Normal: ’ GeneAH GeneB H GeneC }

Duplication: | GeneA H GeneB H GeneB H Gene C

Fig. 1. Copy number variation : deletion and duplication.

Table 2. Summary of genome-wide studies of structural variation (by Eichler EE, 2006)™

Study Assay Variant types Size range .
lafrate BAC-based Array Deletion/insertion )50 kb T 255 150 '
CGH
Sebat ROMA Deletion/insertion 2100 kb 76 222
Sharp BAC-based Array Deletion/insertion 250 kb 160 ~150
CGH
Tuzun Paired-end sequence Deletion/insertion »6~1,900 kb 297 15.2
Conrad Mendelian errors Deletion 300 bp-1,200 kb 586 8.5-10
McCarroll Clustered genotype Deletion 1 kb-745 kb 541 7.0
Errors and mendelian errors
Hinds High-density Deletion 70 bp-7 kb 215 0.75
Oligonucleotide
Hybridization
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o] 53 FE re F4dd 93 A2 = g,
“Copy number polymorphism °|2He o0& ZE CNV
o A4E & AT AT 1% o]deA BAsE Aol
ARG,

# T array-comparative genome hybridization
(array-CGH)Y & M2 249 MEz B4 §439
ATl 74 AA FAHoR HeleuA A4y Ee 2
<7 AFE CNV d7-=0] ®ol BEaHA=H (Table 2),
[afrate ©9< 3999 A3 Alghe o= array-
based comparative genomic hybridization W8S o]&
o] fAA B8-S T¥stn U= 255789 genomic
clones TAs3, g A o] delM TAs= 102749
large-scale copy number variations (LCVs)E ®.313}%]
o 102709 LCVs 5 26717} 7189 AR 8A 7949 F
HEda S dF59) LCVsY Zole 2F 150 kbol|A

425 kbR o, AAA 1p13.3 F99 ofdetA &3 1a
o} &} 2a locusE E33I ATt 255709 tEA
£ F 142717} 3G o] ARo] He ATt 67709 F
B2 it e I o] AA fHAE 2esta YTt o
AL LCVs7} intergenic %=+ intronic region®l] % =315
Aol ofehs e YrlstH, 14709 LCVse Azt
FET Ee 47 4EE F9dA EA= A,

Scherer 5% CNVE 1000 7} =& 509H) )9 7
ZH Qe =] FFE WA= 2EVAE ANA Wl
333 ol &2 )Y tE A F 24E& 717 270
2755 A A 1447709 CNVE Bt o#id 4
fyo g2 B CNVs A= 39 60005 7&u Lefo| =,
A% Al o 12%0) AFE = A oH, o] AT 7|&
o GYA7ITEA APlM F AL FRALR 99.7%
7} Lt AZtE vto] A H3i

Sebat 5" 209 9] AolA F53 Belll- A8 &
3l g2l1 7Y €] E microarrayE ©]83k] %
A7) 465 kbe] 767) CNVE 2743t} Tuzun 59
ZF ¥201= DNA genomic libraryell A 2717} 8 kbellA]
40 kb =5= 139709 AF4, 102709) 2, 223 5670
gl mA2r]Y F2A Wolg Budied, 71&Y
Sebat®} Iafrate 5] &3} large-scale variations} 2
32 vlaste] 29778¢) 59 F 252709) F-917} 718 &
ARA] @& AL F92t3 83, 7189 larger copy
number polymorphisms@ T2317] 93t 44, 2,
49, intermediated-sized structural variants (ISVs)
e &8 A3

Haploinsufficiency= dosage-sensitive gene®| 3t
copyZt A& o] E{A A Aol ALE oplehe A S
ou]gl= ¥bH, Haplosufficiency= @54 Aol 4
&Z oplER gv FAA &S Yehlle §o2et

>

>

of
o, ofN
(TR
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A2 2+ 498 fxFd ONV 978 4¥Ed,
Conrad 5 The international HapMap Project®]
SNP genotype data$} comparative genome hybridiza-
tiond < ol &3ted wld fAgz] BEUX G ez
300 bp-12 Mb =719 58671 A& W& B,
A& ONVE AtF oz faixpt 22 B4 2=
o1 39k, McCarroll 5% The international
HapMap Project®] 9 471t}84 218 E o] -5t 27
7} 1 kb-745 kb A== & 541719 A& Ho|& Husl
t}. 54170 3 120707} F 709 copies 57t A<H A%
A< (homologous deletion)o]e™, 1074 3 =e] }52
& B9e 2H2ol= AL, 374, 183 FEUALS #E
H ARk A& B gka Bttt

Hinds 5°¢ 2499 9840l gt 7lAel DNA%
AUt 831 FEYLE|E EAHE o] AFE 5
A7) 70 bp-10 kb 3719 2157019] A&R0lE ERF
o 3 % 409 AEe 249l 10%019e] ™A
HEE Bda S i Aeo] 98 24
(linkage disequilibrium) Jel1Z d&Holot A7t
Aol FA Aslag € 7z doka st oA
EEe Asdol) 2A vl dnst &

g #AQTE McCarroll 59 Eu(FuiEd 87
ALgk Ajoltt,

HA7A The Database of Genomic Variants (http:
//projects.tcag.ca/variation)el 143 Mb genome
sequence®] 1237719 CNV7F 5&Ho J=d”, 55€
BE CNVE " a717 ~118 kbolAw 3 271
~18 kbt E1A] G AL T A& AT CNVET
A3 W E#2 Aoz AZHET Redon T2 HA o vl
2N e v g A& BAGE, AL EAd H
3 FRAANA DolA JE BFE 72 ke A 9

k=3
l. Copy Number Variation 84 7|1

&3] CNVsE & 2719 homologuous repeats & A
AEA (segmental duplication)9t AHH AU °]&
23stn Yl AHEA (EE low—copy repeats)E Rt
FA SAAG F N EE 2 0139 copiesE 7 AL, AZ

E copies® F7|MEo] 90%°1%¢ FLEH, 717t 1
kb ©]/3<] DNA 2H o2 FoJdrt?.

A¥ BA= DNA 2H9| tandem repetition, duplica-
tive transposition-like process, A AHe| EAlzA
< B3 2T & ook AHEA Y ABE CNVsE non-
allelic homologous recombination (NAHR)& &3 7&
A A4 A E (chromosomal rearrangements) ol T2



sttt NAHRS 59% 700 AR EA 71 Ay Ea)
5919 copy number W3lE £olalA szt FAA
o CNVs 34 |9z, NAHRE Al B34, 27)
E, EE 159 Follg] Ao He & 724 tEAy
A AulE & e},

Tuzun 592 724 Hol9) ¢ 55% (163 of 297)7},
Redon & 1,447 CNVs9] 24%7} Ao AHEA)
o} Ad=o} glvhn st RE CNVs7t A EA 9 7
d¥ & olyn, Y5+ non-homology-based muta-
tional mechanisme] 98] WHT Fx iy oy
CNVs< left-handed DNA 28] 3 A2 (cruciforms) &
E&S right-handed B-helical duplex®t 727} b2
DNAF9<Q] non-B DNA Tz A&l At olzg
DNATZ= A Ad S 2447 Aoz g4 9
th. CNVe] 2719} wol71 A Alele] @4 o] QlEd], B}
2 CNVE AAEA 9} A#s 1 2L 52712 CNVE non-
homology-based mutational mechanismo] $-413F A<

2 ¢EA ginh

izt Al&2| Copy Number Variation2} 28X &2

[V. CNVet ozt & A7

& A7)0 BA|9 AL dosage-sensitive gened} &
copy numbers®] ¥3E opylsld £ FAARS #
F e e Ae® delA ot (Table 3). 3 CNVE
2, AAF e WY FEAle WolE e A
o] Wigd 4 9}, dE 59|, dosage-sensitive

08 copy?t 2 HAE AS I EE F ¢le 7
tAE 4 o 8 ONVZE o8 fAke 71
A3 EAgd theke A3E fuE & Qo
Redon 59 2 A8d 429 14.5%9 4= E
14004 F-4ellA CNVE 2489t (www.nebi.nlm.
nih.gov/omim).

# HIV-1/AIDS, 394 @3, A84% 9 o7 da
H CNVsel| #3+ d+E AHETA| Gonzalez 572 74
& human immunodeficiency virus-1 (HIV1)-suppres-
sive chemokin®!®™ HIV coreceptor CCR59| ligand<!
F24 29 CCL3L19 CNVeF 33X BHadd8Zd o

e el et
oft

]
@
o

Y ooff 9B B Ho pZ i
tlo

O

2

Table 3. Examples of disorders caused by structural variations (by Feuk et. al. 2006)™

Type of rearrangement

Effectongene

ndication Locus Gene involved
Severe speech 7q31.1 FOXP2
and language

disorder

Blepharophimosis 3g22.3 FOXL2
Syndrome (BPES)

Campomelic 17924.3 SOX9
dysplasia

Peter s anomaly 1g4l TGFB2
Ptock-Shaffer 11pl1.2 ALX4
syndrome

Short statue Xp22.33 SHOX
Spastic paraplegia Xq22.2 PLP1
Type II with axonal

neuropathy

Townes-Brocks 16q12.1 SALLI
syndrome

X-linked recessive Xg27.1 S0X3

Hypoparathyroidism

Balanced translocation

Four different microdeletion
(126 kb to 1.9 Mb in size)

Two balanced translocations
and one complex balanced
translocation

Balanced translocation

~1.37 Mb deletion

Ring(X) with deletion of
700-900 kb of Xp and Xq
pseudoautosomal regions

100-150 kb duplicaion

Balanced translocation

Deletion of ~25 kb with
insertion of ~340 kb

Postulated down—regulétion

Postulated down-regulation

Postulated down-regulation

Postulated down-regulation

Postulated down-regulation

Postulated down-regulation

Postulated down-regulation

Postulated down-regulation

Postulated down-regulation
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&) ATetd=8l, HIV/AIDSS thet ZHeAdo] &4-2 7))
A9 HHr; Y& CCL3L1Y copy numberE 7}xH,
T4 HAARFTY o] o} APy A
o= Husigith dulETh Gz} o] e
A FHY HGAET SAbe AWo] 343 AP W
Y B AoF dFY. a8y ofde] 34
AHER T AN FHo g CCL3L1Y copy
number®] gk} WA A &ttt
Yang $%2& Q1Zt AAl ZHbA G gdy H4 8
C4 (with isotopes C4A and C4B)¢] ¥ol¢} CNVe tH
g Al AA C49 F M9 copiesE 7 ¢ SLE
é‘%"ﬂ ek 2ol S7F8IRI T 5 copieso] A& 717 A
FaskiTt. 0-170 copy®l C4AE 713 2% SLEY
‘é"] Z7FHAITE 3 copiese] Al AL ¢8)8] 7HAs)

o

¥o
fr @
>'E

4, 1 ox

3
ol éu% ﬁ&lﬁl‘}i ‘+ EHE‘_ % EA 9 A

a2
ok skt
Christiansen & |44 1q12.1 9 #47te 4&
o] AHAY AFAen AAN S Buddy, Gal 9L
DNA 3 &84 f42F XRCC3 241 Met®] thaiAdo] o]}

F¢ LS Fole vl XRCCq 399GIn $-A7
o] A2 FUo 93 APEE (mortality) & R3E Ao
2 Basig,

(s

Reforance DNA \\ﬂwl%ﬂ\(?% A W\ Test DNA
DNA tabaiing /'/{ Jh A, L
IR Rk
N/

Co-hybrdization

Signal Datection

Data Analysis

Fig. 2. Schematic representation of array-CGH technolo-
gy (Bejjani et. al. 2006)?”,
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V. CNVel EAH

42 A7 Axe H¥d ONVE AFa7] s
Microarray Comparative Genomic Hybridization
(array-CGH)**"2} Fluorescent In Situ Hybridization
(FISH) ®8*0] ol AH&-5 31 Sitt.

1. MicroArray Comparative Genomic Hybri-
dization (Array-CGH)

Array-CGH®-& 17 AlE9 ONVS Thefsh oF A7
P—r T"r%ﬁ& o R, o WY AR HZE A HA
T F 71] At T F 719 fluorophores
i ﬁ’\]% U279 total genomic DNAS A& #9] total
genomic DNAE metaphase chromosome £+ DNA
microarray®l hybridizationA1Z1t}h. 22 AET Alw
of EAete AEe] AR CNVel| vl st oA
hybridization intensity?} WJebA #ch(Fig. 2). ek
gi&wo] Fdold AdT A DNA copy number
variationS 2" &te A 59 w7} S/ E A Ahdrn)
ghek N2 o2 Moz FAd £ ind F ) o]y
genome DNAZ ZA1e & 9t} AFE linear scale’d
9] 1.08t =E logarithmic scale’de] 0.03e] E&42 Y
BRI} (Fig, 3)% .

Hybrldlzatlonﬂ—t— FHoge EFgavn, FIAvE,
BACs, &+ Pl 91F g8 3l 2294 222 7
ZY QEIE, cDNA, BT 44 A9 Fo| 2 & Y.
Array-CGH9 A d| = (resolution) nucleic acid tar-

-15
85280000 85290000 ‘89300000 B5310000 85320000. 85330000 85340000

Fig. 3. Log2 Ratio of array-CGH: a ~11kb deletion on
chromosome 8 revealed by ultra-high resolution CGH.
Blue lines: individuals with two copies. Red line: indi-
vidual with Zero copies (http://www.sanger.ac.uk/
humgen/cnv/).



gets®] 2719} A 449 coverage den31ty°ﬂ oJste]
Feed, A3 249 277 ALER 1§ A %9]
FHo| o Bo] HE2YFE A7} ZleiA 90, o] W
W] AAAo 1 Tl ZRE e AA Y w2 éﬂ%
ol 7kttt Aol YA EA Y A719) fof o)
o Mo 27t 3455 wao] ot

2. Fluorescent in Situ Hybridization (FISH)

FISHE-& XA oA &4 DNAML S &7 3
AAE HAAME = A& A EZHcytogenic techniquee]th.
o] WL AR B A7) HEH v FAKE
fluorescent probed A3k, % v oz G A
oA probe7t A¥shs YA E Zohdt} (Fig. 4. 5).

FAol Bojdo 2 A= probed nick translation
¥ PCR using tagged nucleotides ¥3-2 o] &3t
fluorophores® F-2A17Ith 717] e AILEE £7]) 94
A ¥ty oz Rz gEoja 7)|dd BN,
ProbeE F4A DNA] A€A)711 hybridizings 3l
1277 A= Wi FAIZTh A3 34 & E8) unhybridized
¥& partially hybridized probeZ A A gt o] AL o
&5t A3 E BESL o)A & 7123}

FISH (Fluorescent In Situ Hybridization)

Gene Fixed Calls
R {on siides}

DNAase »
trandam cut) [~

ARSNENREREAEREANIER]
- Dig-dUTP (or BioUn-dUTP} Denaturation
- GCTP + 4ATE + 4GTP (Formamid 42°C)

I
wer L g%
EEES RSNV SN SUE NSRS
S .mmion Hybridization

75°C) I ; {on slides)

A4
+ -G
S5 Anzmuuiasam»mg(o Avld in)

borescentMicroscopy
> The gene is located

Fig. 4. Scheme of the principle of the FISH experiment
to localize a gene in the nucleus (http://en.wikipedia.
org/wiki/Fluorescent_in_situ_hybridization).
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L] EH?S} CNV-4 98-S i’\}
Ao 7128 AlFsH ﬂoq‘ﬂr

A AR CNVE Follla S48} 2 BE2
&+ The Copy Number Variation ProjectE 93l The
Wellcome Trust Institute (Hinxton, United
Kingdom), Hospital for Sick Children (Toronto),
University of Tokyo (Tokyo), Affymetrix (Santa
Clara, CA}, Z8]3 Harvard Medical School/Brigham
and Women' s Hospital (Boston, MA) %°] &ojste
international consortiume| A B} 4= g+ o
F7F RS 3, w3 2 EE DNA mlcroarray based
technololgy?t M 23} 719 NEZ A7 AlE o BE
FH4 HolE THsA Hu TEA CNV AERE 944
st QI A Thekd, Q1zte) Rlg)h fHA Ag ARl
U2y gl gigh 2E ol A7t hEshA 2 A
S 2 71qEnt.

Fig. 5. Fluorescence in situ hybridization (FISH) image of
CNV 14912 (red) and RP11-79B13 (green), a control
region on chromosome 14 that did show a deviation
from normal copy number according to the array-CGH
experiments. The arrow marks the pair of FISH signals
at CNV 14g12. Quantitive-FISH showed that the marked
probe was indeed due to hybridization at 2 adjacent loci
rather than a split signal (Braude et. al. 2006)*.
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