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wit. GAG-Glu (HbA) :Non-synonymous mutations
mut. GTG - Val (HbS$) YT
no phenotype GCG- Ala  (HbA) JNNK NIMKR NXNING TIT'7 :Missense
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9101192 'I'W7 NNIA NIXTIA VYNOY
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:Copy Number Polymorphism (CNPs)/Copy Number Variants

190N2 D'WIN 7¥N DNTINY DA DRIY D'P70 W' .DINNKYT 71 N7annY Or'oim'™1o 7w aio
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nynap v niotw My 179% T 7m0 R DI'0NI0YY NIV'YA 177 T |07 1R D'0INA0 7TIA
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e We have generated an independently assembled diploid human genomic DNA sequence

from both chromosomes of a single individual.

e The majority of genomic alternations are the well-studied class of variants based on
single nucleotides (SNPs).

e Lesser-studied genomic variants, insertions and deletions, while comprising a minority
(22%) of genomic variations events, actually account for 74% of variant nucleotides.

e Only 99.5% similarity exists between the two chromosomal copies of an individual.

e Genetic variation between two individuals is as much as five times higher than
previously estimated.
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———— Novel property
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AF508 is the most common CF allele
in Caucasians: frequency = 0.68 \
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JNA2NNN 72 NR D2 AN )'wUNnT Yim D91 XKW 7R, 00NN

:Tay-Sachs Disease (TSD)

N7aNN DT OWKRD 071N DTIZ MR K71 D'RWI DMK D'TOINN P71,719'0 07 'RY NN

N NO5N D'YIY TX [INNN 7Y [IYRIN 100NV
7722 779NN NI'RY URIVOIIO NNAVXN APY RN NYIONN NATAITITY? daR N'7nnY? XnarT
Gu2 ganglioside :11'n KXYVOIION .0'TIX YTVYN

Gy, ganglioside iy

N-ucetylgula:tosumine-ﬂnla:tose-glu:ose-ceramid .'I"D'I7I|7"7) -D'T'9'7122'90N NNOWNN XINY
. . NANA (a sugar with 9 carbons, :0"T'TI'72220
Hexosaminidase A 1 very soluble in water and fat)
galactose-glucose-ceramid IX L, NiNannn 19-7V O'RNN 702 D'NXN) e
IJANA .NiNN 'XN2 O'XLVANN NI NNI2AaN NNNA

.DII0PZXN NI¥PZAI D'ONTITA YA D'TOINN e

.D''RVND-17?'72 DIINNINT DNIVOXI] DITPONN @

.D"NN-'2 DMYPI O'RN NR'ANNA DIYN e

.DITIT'72 WNONn 0N7Y 70'90 .NIMITNAD D901 DN e
.0MITIT'22 720NN T'TI*720aN0 -Hexosaminidase A 'K YUXD o

.Gy ganglioside 7w D"7'v1 'RII7 MXINN NNNA NAIPINSNY PN e
T79N7 2'oon NN e

1910119 INIX? NINIAY NIDOIA NI'XVIN

o-¥ 72 ,B NITA' MW a NITN' MY ' Hexosaminidase A D'TaxXY?
.5 DITINNDN KN DAY M1VA'VPR DY T 5 DiIrmMon B-1 15 DiIrmiMon

NI'X0INN KW 27 DXNNA N7NNY7 DRIY NINY DY
.a NT'N-NNY7 |22 n'xLIn :TSD

.B nT'n-nNnY7 |22 nxvin :Sandoff disease
D102'VPKRYT A2 Nrxoin (Activator deficiency disease

.0'wTIN 3-6 7'a TV NN NINNSNN

.(Mwy7 17 712dW 02T 0'N2IY) NINN9NNA "1 T 1aX" [TAIR -DIYRY D'IN'O
(01N 7w DITR DND) |'va N1'v12 Cherry red spot

JM2TD NN NNTYTRN

29M1 WA Y L pnivn 170 n7nnn 910

.01v 2-3 7122 nin

O O O O O O
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TSD-7 02122 NI'vuimn 07IYn NI'OI73IN 1N N'TIHDYX N'TIN'D_DN'0I7DINA D7hnn NNy
NN'TN N'TIDWRN 'N0I72INA .02 DY NINIPNA L0120 NYI7WA [0 DI'YVIN NI NN
JDOIIRN R Nniy? 10-'9 nnia,(a nTN-nna nxom 7w) 1/27 :x'n 0'RwIn

NND INY1 DXIDY D'0I9 7Y 0YIN 190NN ANNONN NTDWRN N'OI7IIND ANY DRI
.N7XD NI'YLVIN

UNIVOAIO DY PTAIN DNO 7V N'UAMIXK NP'TA AN'N N72PNAN NP'TAN :D'XYA_JINANX
JNRTI77M nprTaY 11aw'7 DR PRI NN0ANN W O NIRRT

D'™71>' DI'RY Hexosaminidase A [an 7w 0'77X 1w DI :Pseudodeficiency in testing TSD
NIX 7197 D'713' D IR ,NPNI0N [NQN] WIN'Y 12 NYYIY MIDR7AN URIVO0AIoON NIX 7197
101210 [INQRN DX 201 N7R D798 79 DNi'p .'vaun URIVOAIoN

:G6PD-deficiency

.pamaquine N7 nwTN N9NN ANNId 1926-2 X-7 AT'NXN2 nwaimn N'21a0n n7nn
NIMIT 7w PN'9) DTN 7W NT72Mn -DMI9Y X7 0'DIA'0 17aNN N9INNN Y7011 7Y (U 190N 1P
J"709171 ND7I0N NNDWNNA NIZ'OIAMVIXT L7197 NIWIAN NN''? DA D'WIR DNIXK 7¥X (DTN
.G6PD D'TINA 10N :0%7¥N N7ANNW DA9N

D"WOIN 0'77*T) IT'N'? NADPH N'¥'? 0'a7w 3 JINn [IWURIN 27w NN T70MY D'TIX :G6PD
NADP* NADPH NNa

glu-6-P -» 2 -2 6-phosphate gluconate = ribuose-5-P = ribose-5-P
NINITXN DTN NINTY2 NADPH-n T'79N

ATINAN 12XN7 'OV Y TR0 TN WWEN TN .
NI¥AN NPY '2¥N] DNXNY DFTOTI0-T DNWR TN MY DIT'ORIR-'UIRD VI [r'uvI7A =
JINITRD 07N NIMITA 'Y ,0NIY DYRN DRIA7N

AIXnNn 1 Ny'Ina 7'vow TN'?NUNP O'TINN NX 2X'"'N DA |I'UUI|7}\ =
+ NADPH + H* —— 2 g-Glu-Cys-Gly + NADP*

g~ Glu-Cys-Gly

|
g- Glu-Cys-Gly 1012 0'02 N7V NDINNYT NIMAIANY XNAAIT 'NIT

Oxidized fo educed form

Red f
NNINA ANN DY O'RNA 77 A10 $Fi"Ynn 'O -AMYNY NITNY :G6PD-Y D'VIATNVNY? JNN!
.G6PD 7w

:Acute Itermittent Pophyria

J'0'NIT NYIINA NYAINY NY71201 270NnY7 [91T NRXI RNAIT

.(TAX DO 77X Ay T Mo NMd) haploinsuffiency-n NN

D2IMIIN |12 NA"IoN NIDNN N7'01 NIAPYA IN'NAA0 AYSYA APy 71 XUANN -D'VI9N
.D'MIN'TI 'YUD1 NNN ,0"1ANIK D'0NNY7 N9'WN L,7IND7R N'NY  NIN"IoN NIVXR'T ,0'T'RKINVO
.N7NNN N¥MI97 DIIAN NN DWTI X7 NIDY D'Nyo

N'MDIFAD Y9N

nxip 770 maw (n'7w0 217'07 yina) cytochrome P450 nM'y' NX D'™yn DRIYA D'ANAN
X X7 D210 TR heme-n 7w 20 11'AY M'91190 DY 717002 X' Nw1onn .heme
7w N7won W' Tad1 heme-n 7¢ DTN NIy .BPG deaminase D'TIN7 a2 X'N N'¥N0INMN
72U noon n¥'? ALA  synthetase
BPG 7w ndmin nmdn 72X .Heme

Glycine + succinyl CoA = ALA -2 PBG T)lerowmethylbilune = = Heme

ALA PBG
ALA- aminclevulinic acid synthetase deaminase NpooNn NM'X' NNYOKNN N1'NR deaminase
PBG - porphobilinogen t
Feedbackinhibition IT X'n BPG-1 ALA nnavxn .heme 7w

PN NN nnanv
.0'TI2'09I1 N'¥INT ,qIan 751 DANRD ,N'0'79X NISPNN 7710 ,NIIY NILAIZN'I NIYISN 19'VI9N
10019 NYNoN 7721 |t 7w yay v Y
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NI'VIX NI7NNI NI'NA'T NI'YLVIN

CGGCGGCGGCGG 2N .trinucleotides repeats 7w NnAN1N2 NXVANNAY A'XLVIN IN'NAA'T A'XVIN
CGGCGéCGGCGGCGG NNTN ¢ MR NXIAP MY IR NI7NNY NNIYR 'R DDA Q78N DNTNRN
1700 DM 7T NNTNN 190NWII NI IR DY DA

N2NIN 27V 2NN N L,0T0IRYPR S IX 4 1T 7Y nanNnn NiNNAY NI7Nn DA Y :nvn
.D'TOIRYI 3 NTh Y

.Simple Tandem Repeat :STR

.Trinucleotide Repeat :TNR

100 - . :N'NI'T D'XLIN 7Y DII'OX
e . Y7 NIv Do W' Nt axoimn win? A1
0 se% 720 .MIpnn Q¥In Nnv? noson nMmatT a'uin

.71V xomY 1p'on L7 ANIT NINTRN 190NY

40

20%

207 44% |—|
T T

T T T
56-59 60-69 70-79 80-89 90-99 >100
Number of repeats in a premutation allele

NINMYYINN NINTAN 1901 7W N1X7119 X' 0IYWD TIN Q¥ 7¢ NM2'T 'X0in? nnaon .2
CGGCGGCGG CGG CGG CGG mnino ary:
CGGCGG CGG CGG AGG CGG nnrramw

'n ,N7NN%7 DIRAN -r0I7NY 2 'M72 NNTN %017 ' ‘M2 nNTh %onn Navnn .3
.NATTNA D71V DAITIND D'OXIN 190N ,'AIXND V'R K71 'NaTH

Frequency of expansion to full mutation (%)

Starting (template) strand

of genomic DNA NN QY 2N 1N vTY uIT XY
-1 7272 apy Mg ATY PRt .nIanNn

.MYwN 1 IT X .DNA polymerase
Replicating strand
detaches inappropriately
from template during
replication

Replicating strand slips
from its proper alignment
with the template strand,
by one repeat (R) length.

Mismatched R2 repeat

loops out.

Newly synthesized strand
contains an extra repeat Rl __R2 RS R4

:(Fragile X syndrome) 2'awn X-n Ninon

MDD D19 ,DT'0IXR L(D'WIINN 2N NI YI9IN) DY 19 'via DINTI'0
.D'192 N NIYAA L,DY7ITA D'DWKR ,N71ITA NINNN NoY

(79-11a N 7 ©'0119) niajpaa 1/3000 .0mdma 1/1500 :ninbw

X nirminN2 (fragile site) 112w TN 'VAAIV'Y JNO
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DWN TR X DITMND 7y D7innn FMR-1 :n7NNa VIVIND Jan

Normal allele I 1 q¥IN 7w 5' UTR-N TR NIDIRNN NN A
i I 11— o . :
Premutation allele I 7> ™ nntn 230 %yn pw'wd .CGG ATINN

DAl NIVINM9A DA -N'Y7'Nn DA CG-n 'oX)
.Null n'¥x0IM-NPENYN NIy |aN TXI INXY |22
.DAINN X7 702 NIKYNI NNTNN ,N7NNAN NNNINY D'WIA9N D'-X-N NIND |2 W7 'R
:NNIT ' 12YN2 NIYYANN NIaNan

.NN7 YIT X7, 0T 12avm 7 hwnann nannn
NX'97 IX TINA NI0P NX'97 N'NN NN D Pne

I w2 juan 7apnni naryt X7 X0 ax'opn LTI n71m
Il .N7NN7 NMIIaN N80 Y7'va ,NINTR 190N
MY NK Y 251 2700 jpnvinn j1a7na T1'pon

m RNA-n 7901 4% ny n'¥prIvIR "y KN .RNA-Y9
.)2-72 D21 0MA'RA NYRA9N NI 1'0N7 710 0TI, NMA Naivn

.DIANN NOWNAN 7'7ND ,NXINN ['VIAnn MRNA NXXINT WP AR IT'RON

.0NN2I D'DWXA ,NINA NT'77 71N0 DA XVANN KIN

.RNA-N W' AMNXT7 TTINN TR L [A2 DMNTIZA 0Y0IN 7u2 TNX AN TVIN D

Mutant allele
>230 repeats

Neormal transmitting male !!

:"nan1n? o'ty n'or'uIon

.N12ANNY7 NI2a TIXA 100 W' ,3' UTR-N n¥X72 NISINY NINTN 24-n NIt whed

.N21 NIty Yoin -nintn 35 2un

.hyper-expansion -nintn 70 7un

NIX ON7 |'NY D7R01 .N1IANTN vam A-n wRd ,CGG 24 MnXI AGG W' DRI D'WIR W' D'NYDY7

.N2ND NP P TRENYRE DNTn 35 7pa yopn 798K xn L A-D
CGG CGG CGG wnnssnrsnsniCGG AGG CGG CGG CGG CGG CGG 1uvere. CGG

>24

Fragile X Tremor/Atoxia Syndrom (FXTAS)

.D'W1 7¥X T NI .DNYI0I9N'R ,NM'0AIR AT (tremor) Tw ((1T7) 9rune

NI7E7M orpw pnt .gain of function :wWoX 110N 720N 2-4 '9 NN 1'n RNA-n nim
J'PN X7 TIPoN? DA CGG 7w NIa 0'9X) 190N DY RNA

:Myotonic Dystrophy
,NYIAN NINoN 019 ,0MMY 1950n v [ ,0M"Y nyaSa -n1viMm 0iNTY'on 9'vild
.00 DDWYKR ,NNTO 0007

promoter 5'UTR ORF 3'UTR Myotonin-serine--7 TTIpn :0lVIAD__Jan
B — threonine kinase

\ n¥nn CTG :9¥1n 7w ,TNR 27U nann Ny
19 nimmind v 3' UTR2

e CTGCTGCTGCTGCTCG...
N'0MIT N7NITIVIR XD A7NNN

917NN N1ANWN IR NYawn n7nnny D' avin
:TNR-D 11IX DY V'Y OXNNA 27D Nonin
AN YR 7AR 27NNY NNiT 9'0n% W 011N 2797 XD DA | Nermal 5-20
Qpy 0'RAN DNIM D721y n7nnn 7w nninn :Anticipation
NI AYY 7721 NWNINn 02 N7nnnt L, 93N hianann

mildly affected 50-80

severely affected »>2000
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:Polyglutamine disorders: CAG expansions

STTINAN AITRA NIY'9IN W L|MLI7A7 TTIpnn CAG 7w niNTh oy Niznn
127N nN'w RVANN AT D LMD NNTAN 190NN A7ITA TINA X7 DaNn 7Y "am Tan
17N NI 0NN 0YN-7Y11 K7 17'9X1 DTR-12 78K 71 NNt 2NN NiTnn 7w 1T nxing

:Huntington's disease
D"II'Y ,NNPZIAN 'M71 DY NIYIN ,N'0NANS NNYINT ,NM0IT-N'M N7NN 19'01I9N
72OV NX7) 'Unn IYyn N7'NNA IXK 0YNYT 'YRANN IYYD 9102 27'NNn n7Nnn NrgRa

promoter  5'UTR ORF 3'UTR _(D'NX NX D' T'Myn
1t exon
R | — DT NNT AYN] NIYNINN NidNAN 2N
lud:ﬁ#&p{"g%lgmcu
«CAGCAGCAGCAGCAG... ks B
Gln Gln Gln GIn Gin normal range <35 Tully penetrant range =40
Normal 9-35 (18-19) 80
affected (partial penetrance) 36-39

8
!

affected (full penetrance), late onset 40-60

Age at onset

3
Il

affected (full penet ), early onset 60-121

20

227 nntnn 90N | AN W
.N7nnn nyosIn f f t y y ; y ' + ¢ |

20 30 40 50 60 70 80 90 100 110 120
Number of CAG repeats

:Spinobulbar Muscular Disease (Kennedey's disease)

M9 0MRY ,0NI10IMN DINYIN (11 ,NNA N7'NNNN DY NY7IN (1901190

7¢ namn NINNSNNN 1'7NN2 .Androgen receptor gene :X-7 NT'NXNA 'IXN 1VIVIND_ AN
7apNn 1T 27NN .N'oXY AWAIN LD NINNSNNY DAL [NVOIVOL WIPW AT KIN NAIVN
.New function IX Gain of function N7 DXRN VIT' X7 IR NAUY |1A7N

‘DY D'9'VII9 W7 NIX'AN [AN INIX] NNIY NI'Y0IN ‘N :Clinical heterogeneity

NIIN2 D'NN9NN X7 ' MaX L Testicular Feminization n7nnn Nn7apnn :Loss of function
INQAIT?) NW'R 1ND DX NAIX'NY 123 07271 N2 n70n ,0°'PN 0'R11 0N NAIXN 1 NN
.(0'0j "7 A nupnwn

:0"2A17IN97 NNMIA ['NVI7A™719D NANIN VITN
VITI .07NN7 DA X7 [1022'01N N7NNY7 AN 7w 7272 TR PRIV GDNRI19 TIA'R 7722 X7 Nk

.AN27 NONX N'7NN7 DYIA DY TIA'R Kennedey's disease-aw
.novel property-7 IX gain of function-7 Tmn1a n'xVINN :n1FoNN
D yIT

.07 7Y 02'YN2] DYWL 0T0ANAR MY (270 nni CAG nNTn 7w nanin .

.(QxyN 'XN) D'RNN DX NN NATNAY N'ORIV NIT'YD NN W' D'0ANART =

.01 7Y NINKR N'OI7DIN-NNYT 2'TA '010VINN 127NN -N1IW CAG expansion NNn 721 =

27NN DX DAl DIV D170 079N nuclear inclusion bodies D'y nxn -qoma =
NXN1 2700 N'ORIL NYOWN W' NI 0'O'9117 DX N2 X7 .0"ANINN ['A0I7aN '9X1 ua
.(7wn7 NN0%7910'¥2 DPIMN KIN TWKRD) ['VIA DRINN 111'RWD DA A17IND

JI7'WN NRdN W 112700 VORLAIZN KYY7 plyglutamine track-7w pnt =

(N7x%> NI7nn 995 DN7 'K 'YL |9IXAY) 12DV 07 TINA TPRNn pNnn 2N
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:NIANIDN NI7NN 'an [91IT NXXI' NI7NNn

:Friedrich's Ataxia

20X NYMITIVIX NWAIN WX NA7IMIN'Y 7NN

D'2¥VI NNTYUN 0VINQ DAYV DA .NIMN Y121 D720 7710 Nimnn 070 9w 'o'X (1 19'01en
JYRYN WYL NN Ran n7nnn .5-15 2121 oo nmivsnton .|l DMy 099
.1:22,000 :n'7nnn NN

N'2N7 O'7'oon X7 X"Ta D'2IND D 7 21T N2 NNAIY X7 n7nnn Zanticicipation |'X
.D'NXYNY

[NLI'RD X¥N1 NINL,GAA :anmMn qxn .Frataxin ;X121 9 DITINND 7V DPIMN (VAVIND Jan
Loss -7 NN GwK splicing-n 1712102 N9 XN N7NN7 N2'on .(NI7NNn IRYY TIam) an v
.of function

.10-21 i 9982 nintn 1oon

.200-900 :'vavin 7782 NNTH 190N

:Myotonic Dystrophy 2

Myotonin-7 |an Ta7n Myotonic Dystrophy n7nnn N7277 'AKW 9011 [A NW'Y INXN
.(3' UTR-2 CTG m7n nan1n)

ZNF9 -|2a IR NVI'RA CCTG 7w tetranucleotide repeat 7w NaNIN NRXN] :DYN9nn
144kb-7 yan'? n?10' nannn .3 DITMIND 7V X¥Nw

NI7'wo v AT RNA-7W NX11D .DAINN D1'K N2ANIMN NTNN 7va RNA-N :DAI7INSan j1nam
7w alternative splicing-2 ny*a9 7710 ,NNIW NI'RN NIYAI9 Nwawnw (novel property) nwTn
7021 XN DINK NINIZAL 71V97 DMWY DNI0RD 1'N-70 17X Wi RNA -NW DN .0NIY 022
.N'7NN ONI7'Y9Y7 Yy19n NN

LJ0MIT "MITIVIR IDYIIDD DIX

:Spinocerebellar Ataxia (SCA) 10

.TNR 7w Dan1nn NimNal 770,001 0222 NIN'0IMNA NINNAIN N7RD NI7NN 190N !

ATTCT :0'0'0a 5 7w 17N q¥1 7w naninn p1a1 SCA10

L0'NIT ITIVIN ZAWIIND |9IN

AN 7Y WIUNN N0'RD XXND XN

.10-20 'm0 7782 nintn 1o0n

.intn 4500 Ty 'vivin 7782 niNTn 190n

72YN1 'Y IWNINN 2NN N WY 790 27'NNn 27nnn SN 272m naninng oo
190N -anticipation W' .NINWN K71 VYND R'N DXN T N2 D'XLVIAND IYND .AXN T
.0INMN NN NN ANNANEIT? A 77 nnTtnn

VT X7 INI7'WOI NN XVANNAY |2 'VIVIND Jan

.N'09"79XI N'O7LK :19'VII9N

:]A2 1nIP'™I 931 210 imicrosatellites nanin ni7nn DID'o

1Y AN DY) ST M\\w—///////////%—%m

[9IX IR WDT?  FragileX CGG CAG
NO'NI VAN Site E Fragile X Frledrl:h’ Huntington’s
site A Ataxia Kennedey's
XN V'oin
i ccTG :c:;
.("amn naww DM2 and others
ATTCT
SCA 10
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:TNR nanin 7w 21710 j1nax

.N2NINN 1727 PCR NIWYY7 [N N¥7 XD NANINN (DAY NInna. e
M2un? ,DNA-N 7w nX7'Nnn yowin 7Y NXpP0oM OTIX DY INNYI LRFLP yx¥a% N e

NN7'MINY W DY qon D' Dyi EcoRl

EcoRI & Eagl nm N2 N"1Tn NIX DDNINE MDA X°1T D'p'on Eagl-n NN Nfawn X-n_ -KnAlT

EcoRl Eagl — methylation sensitive EcoRI '7]'1|m’.l 1'X QTN AWUNXD |7-1 ']J'ln"
1 1 |
' — - wam | -2 2.8kb 71IX2 LINAO APN' TN

5.2kb

.southern analysis
2.8kb

YR "2 NN [DIXA NImni 7' 1'R DN TNRY X MITIND Y W' 1271 17 Avn
2nwn X-n nnnY

5.2kb 7122 TN 7'won X-a Nignw 2.8kb 7TIRa TAR 09 D'7apnn NY7RNII DA
Mo 11'RW DITIMNDNN

.2.8kb 77122 09 72N 7NN X977 71 7'Yo TN XN TN X DITINMND ' 27X 101

:N'YUIND NININI DAPI/IIT '97 D'VINATO 7T

EcoRI Eagl 2.8 EcoRl
Pt
yo X7 X Jiyo X

- " ot
5.2kb 2.8kb S
ATV A1D DY 3T

5.5kb 3.1kb
— - } { ——_— YV N9 DY NN

B — -

—_— - s ——— NN D'YUINn DY 11T

{——|—_—— DR ATYVIN DY a7
-

——

}
—

72v 0'my971 ,3.1kb-7 2.8kb 7w NanNN WO DITIMINDA 7V N'YLVIN-NN9N D'MYDY7 Na7) 7¥X
.5.5kb-"7 5.2kb 7w nann ,7'vo X7 DITMINdN
DAl 2.8kb DA ,WT-n 7w 0'77an w2 0707012 077X ' AR7A NY0IN N7 W'y QWK D% 2nwin
2'vo D'My97 N PN X-n P71) INR X DITINMD RNIMN [9IKA PNYIn D9 7D D 5.2kb
(num omys7
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DA VIA'Y

TV .VRON (270N NINn 2V naTrim Ayt 75 X977 ,n7nn% ]2 niwkan oyoa vaiw 1986-a
NIYNNN N2 AN INA 1V2IY D221 772NWN NIfAIZID0N )2-1NK . TA71 0 42 10a1w 1995
N7 DAY AR 1IN YIT R? TV Nronan

:n7NNnY |2 vIA'Y? NI'AVIVOX

DIP'MY Nion"Nn 232 X% ,M'DI'an Daon NITIK DN YT 0'01 7y vIA'Y :Functional cloning
AN 7w RnITmiNDn

2V nnTRm Ny 70 K97 19 "mimmimdon nip'an Nt Jno 7y |2 v :Positional cloning
.N7NN1 YIaon 127NN

72-7NK1,03 YR 19 20YN NNIYRIN NIYIAN ‘MY 7w TIN'X :Candidate gene approach
.QITR2 D' DA DT'R VT ,D0AN 7Y 19N IR NNAW INKY7) JITRNA D'TAYIN DA Nz T
DIIOPNN 7Y IX DN 772 7w qix 7y Niooanny TINA NIYTN NIV'Y :Deep sequencing
.Ta7

:Positional cloning

:Nayva
| 9¥nwap ——nawn
TvOIn wIoI 1IN TN DR TA7 VAYW? X DD DY

I|| / D'YIYV N7'NN IEnY 0N INIRY ,DNA-Q
|

/" /I
-

wion
qT'X2 01A

(oo — (8} —

a-H0 D4R
o= o-Ep

N7 no'on oy DNA n>nn "y 7' 19
| AN NN D'YU9NN DWI TR 7D DX NodNn

A A DAl D'N™M12 DA TIWN 2 79 7w qx1 Dwalp

T T
s ,T272 0'71n2 N'YVIN N72pNN DX .0'7IND
S 8 kror YIin'y NYyl NIDN DAY .YURInn AN InT

N2 a7n
NnIYTn nitnn? nna NXR'YNY Ir nu'wa

TR Large insert Candidate Disease +—— NINXITIN

it dones genes mutation .N7NN7 DY 'O TR A W' DAl

oi'n

.D"I0N 1ITNA 02N 72 D'WIT 1221 DIAN 'I9'A WY1 12D D DIIYKIN DA7WUN YW 0D0N)
?1a0 7¥ 'T'O0 DIZ'MN DX D'NXIN )'X
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Figure 21.11: Gene therapy of X-linked severe combined immunodeficiency disease (X-SCID).

This is the first clear success of gene therapy. Of 11 boys aged 1-11 months treated at the Necker-Enfants Malades Hospital, Paris, nine
were cured. See Hacein-Bey-Abini et al {2002). Two of the nine unfortunately fater developed a form of leukemia, almost certainly as a
result of activation of the LMO2 oncogene by nearby insertion of the retroviral vector.
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