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embryo transfer, IVF-ET)= A|&3}o] ozl iz}
o] =A (polar body)E A7 (biopsy)dtALt Hljo}
(embryo)2H-H 1~271¢] T+HEZE A7 (biopsy)
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o] A& Tt AL Qo uljole] fAA o]
Adste] Bz g88 THA7IE Uete
= o83l 9L, late onset disorder} HLA typing
o= I AL S vk # AA
8}3] (European Society for Human Reproduction and
Embryology, ESHRE) 4F&}2] PGD consortium®] ]
< Bare] oah 1997dHE 20041 7HA] A|AIA
O oF 91807719 FHH frHxIdhe] AlgE o,
°oF 1170789] 2178k o}7]7} Elojwkt)? ool 2
o] oA AE B Ad, A= I 7]

5o A Eol ko] Gopraizt gk

single gene disorder,
g4, X-A# A3k triplet repeat
disease)T QAA o] LA oA} (AF, 99, A4,
291 e)el™ gk AAAI] 524 o] (aneuploidy)
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o} Al A3 cystic fibrosis®, 7 &3k
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AF508 =dolE detr] A 2dd 4
do] Hxz AP A’ v FaEse {4
o] Edwol (

mutation), 22! (deletion) 5l <]3|
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-20-

4, AR D, XA DY, XA S
A, 2 4] @r1ge) 571 el Sk

Q 1o
triple repeat disease® -HTF 2 FAXITS

Aldehs Aol g, FaAeR et A
cho] ghuar, el fdAb o) el o7k Fde
A Hetaof si, Aegk TSt e e B
7H 3ol migk AR glojof gt tiel
A frdelME Aol Erbseitth £ A=Y
Hol gl AWAS WA &eld S ues
olof dtt. thFd T A Aol 2
FA7 o] Alg=] o] Hars|ar T (Table 1, Table
2). A FEuel M= A&

L} Hols o AgE 4
2 6359 fHdsor A%

o
o

=
%0 rlr
£ Jo
.~

)
Mo
ich

Hol FHx}F st gloj Zgto] W E= 4
Folth BE FAto]l Aok &2 A9 wa A
gk ol AA3] W= FE 7] wizel =}
A& 7HE R glom &4 50%7F Ak o]
Steltt. gk, 94 FddEgke wol {7t gl
Hete deto] HAWA = 497 de + A
3l (low penetrance), retinoblastoma 72> 4421 &
OFo| = "second hit" JNFo = dHitjHo] AHA f-
A7 Wol7b dojut FoFo] A E AL 1A
g o WHol -z} SRS ZEal ok Zgho]
A s T Aok T4 FHelA e 2
A ARG Hol et B FaAE B
T A8 Ao dof strE exlo] HXA| ¢k
= FE a3ty 2 Fxide] AlgldE A
tow= 7P &3k 97} myotonic dystrophy,

Huntington disease, Marfan syndrome, Familial adeno-
matous polyposis coli®] 3L, “1 ©] Charcot-Marie-Tooth
disease, Crouzon syndrome, achondroplasia, neuro-
fibromatosis type 2, Osteogenesis imperfecta I and IV,

Stickler syndrome, tuberous sclerosis 5-©] At}’
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Table 1. Indications of preimplantation genetic diagnosis
for monogenic diseases (ESHRE consortium data
collection V, 2005)

21-hydroxylase deficiency
Adrenoleukodystrophy
Agammaglobulinemia

Alport syndrome

Adult polycystic kidney disease
BRCA1

Canavan disease
Carbohydrate-deficient glycoprotein syndrome type 1A
Central core disease

Crouzon syndrome

Familial adenomatous polyposis coli
Fanconi anemia

Gaucher disease
Glucose-6-phosphatase deficiency
Gorlin syndrome

Hunter syndrome (MPS II)
Hyperinsulinemic hypoglycemia PHH1
Infantile neuronal ceroid lipofuscinosis
Junctional epidermolysis bullosa
Lesch-Nyhan syndrome

LCHAD (long chain 3-hydroxyacyl-coA dehydrogenase
deficiency)

Medium chain acyl-coA dehydrogenase deficiency

2) AAMR QM [FMEE (Autosomal re-
cessive)

|
skl AN FRAE 7R o]F A (hetero-
zygous)Y W= A3-S YERA] gttt T o
A B gz) ozt SUE A o)ekE A, 3k At
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Table 1. Continued

MELAS (mitochondrial myopathy, encephalopathy,
lactacidosis, stroke)

Metachromatic leukodystrophy
Multiple exostosis
Neurofibromatosis

Norrie's disease

Oral facial digital syndrome type 1
Ornithine transcarbamylase deficiency
Osteogenesis imperfecta type [, [V
PDH deficiency
Pelizaeus-Merzbacher disease
Retinoblastoma

RhD sensitization

Rhizomelic chondrodysplasia punctata
Severe combined immunodeficiency
Skewed X inactivation

Skin fragility syndrome

Spinal and bulbar muscular atrophy
Spinocerebellar ataxia type 3, 7
Stickler syndrome

Tay-Sachs disease

Tuberous sclerosis

Tyrosinemia

Von-Hippel-Lindau disease
Waardenburg syndrome

of =gtEo] yEhH, o]gke ofel7} Q& wf o
o7lel A thA] e g5 1/40]aL, golrt
= ZHAlOA Adel7E BlAkd #E2 2/39]
. P-thalassemiat} Cystic fibrosis2] 74-$-

ol 7h Sxpuiet w-g- vheFstal, SO
e Aol 447 g A= 9
compound heterozygouseFal &}, o] 7
frazigo] wj9- ZhvkEth 2 - xide] Al

32 o

221 -
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Table 2. Indications and diagnostic strategies in PGD for monogenic disease

Indication

Method Reference

Familial adenomatous polyposis coli

Primer extension pre-amplification, PCR

Ao etal., 1998’

for mutation and for marker

Cystic fibrosis

Fluorescent PCR-allele size difference
Fluorescent marker multiplex

Findlay, et al., 1995
Dreesen et al., 2000

B-thalassemia

Restriction enzyme digestion and
linked marker
Denaturing gradient gel electrophoresis

Kuliev et al., 19980

Kanavakis et al., 1999

Congenital adrenal hyperplasia

Fluorescent PCR and restriction enzyme

Van de Valde et al., 1999'

Marfan syndrome

Fluorescent PCR and marker

Sermon et al., 1999'

Ornithine transcarbamylase deficiency

Nested PCR (mutation+ marker)

Ray et al., 2000"

Duplex nested PCR o€ 52004
DMD Nested multiplex Ray etal., 2001 e

Fluorescent multiplex and marker olg% %, 2005"
Spinal muscular atrophy Fluorescent PCR Georgiou et al., 2001

Myotonic dystrophy, cystic fibrosis, fragile Fluorescent multiplex

X syndrome, neurofibromatosis, Crouzon

Harper et al., 2002"

Charcot-Marie-Tooth disease type 1A

Fluorescent multiplex

De Vos et al., 2003%°

Cystic fibrosis, B-thalassemia, sickle-cell Fluorescent multiplex and mini-sequencing

anemia, hemophilia A, retinoblastoma,
spinal muscular atrophy

Fiorentino et al., 2003%

Achondroplasia

Fluorescent PCR

Moutou et al., 2003

Familial adenomatous polyposis coli, von Polar body, nested multiplex PCR

Hippel-Lindau disease, retinoblastoma,
Li-Fraumeni syndrome, neurofibromatosis,
familial posterior fossa brain tumor

Rechitsky et al., 2002%

¥ Al AFHE2 cystic fibrosis, B-thalassemia
spinal muscular atrophy, sickle cell anemia “5-©]™, Tay-
Sachs disease, Lesch-Nyhan syndrome, epidermolysis
bullosa, adrenoleukodystrophy, Gaucher's disease, con-
genital adrenal hyperplasia -4 Al =] AT}

3) X-g I [TEE (X-linked recessive
disease)

-2

o Fab Ex WA olod Aol o3
71% g} g)32% S 2 Duchenne muscular dystrophy
(DMD), fragile X syndrome, haemophilia A°l|A] o]
A3 =1 21 01, Alport syndrome, Hunter's syndrome,
retinitis pigmentosum 5ol 4] 2 FAZI T Al
¥ up Ak

4) X-a 24 |FHEE (X-linked dominant
disease)

Hol FHA7E X A S8k BQIAKS
ofofol| M= F/do] YERE 4= It} Omithine trans-
carbamylase (OTC) deficiency, Alport syndrome, oro-
facial-digital syndrome type I 5-©] 2}
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5) Triplet repeat disease
=4 st BEE 39719 57} Begap
wsle] S e Aol 2t Al
& el W 919 S Sl o
oJojA] 3 A3lXIT). Neurological disease®} o+

Hx]o] 2lT}. Myotonic dystrophy, Huntington's disease,

ok X
FoF X S5 Balnkeks veile= 7 &3
FAZAsto 2 XA FMRI gene Well & CGG
Q717 SZ2EY AAH o R = oF 6~54709] copy
S ZEANE 54~2004F°] 9] copyE 7HAIW premu-
tationO. 2 A H 1A} Aejo]ar, 2007 o] 7HA
A AgS Yehs 53] @A = AlskAl v
Ehtar, ool B Sl ‘jr FelA e}
W} Premutations 7| Jﬂ%ljﬂr Hol it}

2. GMF 0|4 (Chromosomal abnormality)d
Mol MM FHEEIC

=

=
_1__
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rL

1) %= 0|4} (structural aberration)ol| 7|2l
ot IS XjiRLt

(1) &= Mzl ¥ =28i& ME| (reciprocal and
Robertsonian translocation )
271 ol/de] #HE ?é*ﬁﬂl °“:'7P Z}z} Zhey A
A7F M2 aSE= A

Adolm = i) £33
A el A ”—‘8

:\9

X
RN

.

dofjup=dl, wheke] 9145 ‘147]' EAdH I T4l
A AR SR e A e T
FAA] AR7E ddE & M2 AR vk =
3otk

(2) 42| (inversion)
Sk Ao AR-o] FFo] ZAHA AFE A=

e, 7 59 Y] sS4 AT E "ok
TAAE x&gete FAHAATHE A9 (pericentric
inversion)¥} A A ZRE Wolx F9jo] HAH

=% (Fragile X syndrome) 5©] s|g¥ T}

-23-

2me - 2ol
9] (paracentric inversion)”} AT H A= U4
o=z o/ GAold, AAMEE TrEd 2
A Bt AAE 7 9l AxE AR
T AUth
2) M olxM (aneuploidy)dl CHSt
screening

PGD-AS (preimplantation genetic diagnosis-aneuploidy
screening), B==PGS (preimplantation genetic screening)
ST =

(1) Advanced maternal age

AL de Fsto] TRl A
e s A HAS FATe oF 23~80%
Gt GAA] o]5AdS Kol FISH 7|He] e
2 QA o]4e] 7oyt Firell el dEAAl
S ATEHP g i nAdH oz dhdsls

Aol A 13, 18, 21, X, Yol th&k FISH 23} H|H
&A s Kol wljololl A AA] o]4to] =
LFERLH 20 ) 9] o) 7t Z7hghell whel Al
ol/d el xp A wjole] GMA| o]Ado] Ft
& o] 20~34A01 4 o]a=/d &] H]Eo] 30.6%°l Bl
40~47A191 = 524% 2 YERY ol YAl
AAfat, 71goke] fgow veRdthY whelA
Ao Aol gl A5 Akt &3] v
& AAA- 13,14, 15,16, 18,21,22, X 2 Y G4
tf3] FISHE &3t

EADAY

o}/go]

_4

¥

ZFA

gl
=5
SALE (recurrent pregnancy loss),

HHEX0] =M Al (repeated implantation

(3) MUMH| O|A (sex chromosome abnor-

mality)

BHY=3%4

o T L

XXY) 5 A AA

45 X0yl SERIEE S5
ool M= a1

(47
3lo] &
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(4) ATt e 212| = (severe male factor
infertility)

TR Algk 3|2k BAtell A multiple
testicular sperm extraction®} ICSIZ JAlo] 7}
T Ao, v AAAIE 2 RS A
o] 9]3o] Huh LEju opAle
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3. Expanding indications for PGD

1) Late onset disorders with genetic pre-
disposition

F2AA Wl 7} ol
& Qo] WA FhsAo] &

2 A% & S QojE of

ZHAIlA Ag <l

RS

P

o
T ]

H

A

x|l 22+ 0 2 early onset Alzheimer disease (APP
gene) > Retinoblastoma (RB1), p53 tumor suppressor
gene mutation, familial adenomatous polyposis col,
BRCA1, BRCA2, neurofibromatosis 1, 2 7= cancer

Aol A5

predisposition gene®l] thet 2
Houk dom FdA1 ghe] Ay
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T8k 270
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2) Preimplantation HLA typing
Verlinsky 5> Fanconi anemia $+o}
Holl A, = A dals fa] 2
Al 33 EFA A Fanconi anemia A4} etz HL
7| A]883}Fe], Fanconi anemia®l] ©]3}%
tel 5943 HLAS 71 48 AdH
of o]Aaqitt. olFHA Bold A7t EA ofr]e
AE Z7|HMEE Folol| Al o] Ao, WA
AF-A jlo] Fots ART 5 ATt o] H 3
A8 A G F o] e, ol d A&l
Hhjshs oS AR oW HAS 9eiA ARE-
HojE rEthE dFo] fuE)

= FgolH,

Ak 7e olel Holyt oplw the A
S} oA R FPNA ARt RS W) o)
ol o] el ujsA] ekov], E TheF Fo
S} HLAZF Q1x]3he A7k Qlehel $mi 345

A ARE AR Rolm ot A e

vt Fekal itk o] 9]l = v}k hematopoietic
disease, thalassemia, Wiskott-Aldrich syndrome, leukemia
S olA HLA matchings 913+ 24 f-d 7o)
B up Aok,
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tropin releasing hormone) analogue®} gonadotropin=-
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Figure 1. Blastomere biopsy of cleavage-stage embryo with acid Tyrode's solution

AHg-ste] Tk % (controlled ovarian hyper-
stimulation: COH) - 437} Z4-3] 4743 hCG
5 Folstal 3641k & A AHE ok FApet

e A o v xS fEde] Y

o
%

=

5 AS 5] s AE A4 7% (intr
cytoplasmic sperm injection: ICSI)= Al &3] 745

Alg)sic), AAFA o 2 wfjolrt ZHAIEE S0l =
778 19 5 A3 @A (pronucleus, PN stage), Al 2
Aol 4-cell stage, A 3l 8-cell stage, #| 4Ll %

217] (morula stage), Al 5l 3H}7] (blastocyst)=

=

dhabsiol, oj7) & A% (blastomere biopsy)< Al
3U A 6~10 cell stage embryool| Al A]d§&}H wA|z=
Zhme s 1~270 EeEl Wtk o]flel e WAt

TC -

o e

A (polar body) xuj7] RS & 5 9
ol AFHE 1~2709] AzelA FHAAME Als
th o fRE AgbelA fHAE FARie] X
7d-5- PCR 7145 o]&3atH, XA ool Wk

< FISHE Aldsto] G4 HAkS ARtk At

oA Aleldt.
& rEe ¥ o
54 A 4~s2e] Aol o]
™ APHZI (chorionic villi sampling
centesis)= AlgYsto] A [z AdElE gl

stk

[e)
=

T
o=

2. Cell Preparation Methods

Sl fw % AHE Sl A v

-25-

A4 F de FAY] dFE s A
T2 doju gL T3 L (Figure 1),

1) Making a hole in zona pellucida (F£HCH)

A A FAES R e FEYE
ol

(1) Acidified Tyrode's solution

pH 2.2~249] 23S o] &3] wljolo] &
ol WHo R A 7P g AREE AL JloH
w2k SAE Ak e AjtshA] g

(2) Mechanical dissection (partial zona dis-
section: PZD)

=
=

ks
:

El

=P AQ e R 'V e X 2F FEjY] F
Ho ANE o= WHoE SAE ek Wl B
o] AR&-Hrt.

(3) Laser hatching

ARgo] FhdelH Frg el A7]E Fes| 2dT
T A, FAT e F 7FsAdel Ak HE 1

ARg-o] F7FE AL Tt

2) Cell Biopsy

(1) =& M (Polar body biopsy)

Aradd 23R A4 SAs vjopdg
ok SAY] QA FARE =GRk
Ao #EEBER SAE st FHaAA
AlgstH b AElE s & Stk
AZEE A 15AR AASAY A 1549 &
A 4 5 A2 o] e 5 Al 254
= e o) e S/ ok
Verlinsky 552 AAp Aghol| A A
F¥ A} 98%0l A A A1, A 25 A

s

oo

-

-
>~ B
T
=] 3}

o

[e=]
=
o1 N
<5

[e)



(2) =Fet by djotel
stage blastomere biopsy)

A 7 w@o] o] 5= o EA o]
F7E ko] o] gEEE FALL B o] =Zo] A
FAEA AR = kY AT compaction
o] ¢hd3s] dojubH Al 2357|7F o2
2 574 394 (6~10 A7) 2ol At o]
Al71ell= A3 Soll MlaEe] 3|3mo] whaw, St
Abolel junction®] 2 ale] zlgol o]2E uj
TR F2E R F FAs] "ol 7H
de] AREET 8AE7] ATl S 1~ E
A3 Yo% inner cell mass®} trophectoderm A| 3%
o] vl&o] AFoE FAEY, T A EEH
B Ao R gk /AT G ST AR
oju] AF e} Aol FHEom! Az )
ofo] A} FH L o7t gk WML acid

Tyrode's solution H:+= laser hatching®. = Tl
(zona pellucida)oll 7782 52> -l biopsy pipet>-

2 S5 52l (aspiration)stAH HA|E o83

(cleavage-

Ay AR =S =]
:JL_E LN

dojul= W (extrusion) o0& 5 Fal&] Wit

]

=95 At

72 wu

o] W] o R 1~2709] AJERE Xtk o
|Hth= Algke] 9laL, wjole] Eajo]A|
st7] E5M, A2l Al 713 el metaphase]
AAA HldS 717 ok Flolth AA, acid
Tyrode's solution®] 2|3} zona drilling ¥ blastomere
aspiration ol 7Hd g ARSI glom, oF
97%2] wjotell A g oz g AYzjo] Hrh?
(3) Trophectoderm biopsy
T o] HAIS}o] blastocyst stagedl] =EsHH
inner cell mass®} trophectoderm©. % AT} Tro-
phectoderme = EjRES &/dst™ Ejoldddoll+=
A7 x| FO = E trophectoderm A EE
2 7l wlojuo] % Efolell Al e FA LT

Fxdol k. W2 A 5~6UA ol blastocyst

-
R

-26 -
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)

o
incision= A5 trophecto-
derm®] herniation=| 1 AF-E A3k} 1071
ool e Az Aol 7bsslth 107) A=}
Ao Az AL Zaj7] viote] BES yehli=
hCG Aol 2 FFe] §lek® 5~20709 Axg

=
=

sk =13
£

R

A inner cell mass®] of IOz
_‘f]__

et & 6~247F

A ©H metaphase chromosome spreads ¢717} B4
Sgste] T Qe fAAT] e He

trophectoderm biopsy= 2~67112] M¥XE A5t
ek 3 za7] wjo} o] o' ¢lAlo
| Bag wp Ykt ey g
T 9F 36~66%%H0] blastocystoll =&
2 AR 7heeh o] Ao E AgETt
Zo|m,® o} WAL Alojol] AAA] e
confined placental mosaicism?] 7d--oll = El
Rtel = Bjore] FAt HHE A
A, Zelal 2 ol Ajsfof s
= Holth

X

g f7)

3

o)1=

U= AlREe] &

SHA

3. THHAM|ZZOM S| RSt

1) Fluorescent in situ hybridization (FISH)

AAA ] 24 oot F AL, A A
oA A ] oA (FL¥ME, aneuploidy)
] $1814= FISHE o] &-30h** pGDe
S A0 A metaphase?] E A A E
uji#ol FISHE ©]-83}HH interphase
Aol Al WG9 signalS 5
e = glormg Ao 4

o]’} (aneuploidy), X-linked 712 3}ol| A sexing 5

S WA S vk dubE SR FISH: ZF A
o Eo]AQl HEEAE (repetitive satellite)2] DNA

probe AHGFITE 717} The A7) B signal &
U= repetitive satellite probes AF&-3HH o7 7 2]
DNA targets Ao &3 5= It} (Figure 2). Red
(tetrarhodamine isothiocyanate: TRITC), green (fluo-
rescein isothiocyanate: FITC), blue (AMCA) &33&2

Tk FISHol A3sh7] wiZol] + 79 dF=4d &
gl gof we} g2 Ago] Yeld 4 ) o]F



K353 M1%, 2008

0

y
>
02
o

S
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@ Chromosome 7
B Chromosome 16 @ TelVysion 16q Spectrum Orange
@ CEP 7 Spectrum Aqua
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2/1/2 213712 1/2/3 3/2/1 21212 21212 3/31/3 1/1/1
Adjacent 1 Adjacent 2 Alternate 4:0 Segregalion¥

Figure 2a. FISH probes and signal in 2:2 or 4:0 segregations in patients with 46,XX,t(7;16)(q22.1;q23.2) A)
adjacent-1 segregation showing 3 orange, 2 green and 2 aqua signals, B) alternate segregation (balanced) showing 2
orange, 2 green and 2 aqua signals, C) 4:0 segregation showing 1 orange, 1 green and 1 aqua signal.

— —
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©

@ Chromosome 7 . CEP 16 Spectrum Green
B Chromosome 16 @ TelVysion 16q Spectrum Orange
. CEP 7 Spectrum Aqua

| /TF \ \,
t t #i |t
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Figure 2b. FISH probes and signals in 3:1 segregation in the same patient as in Figure 2a. A) showing 1 green, 1
orange and 2 aqua signals, B) showing 2 green, 1 orange and 1 aqua signals, C) 2 green, 2 orange and 1 aqua signals
D) 3 green, 2 orange and 2 aqua signals.
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7 apoptosis Y % QT FISHY 3&2
oF 5~10% AE® WIE I Yok
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o]-&3}e] multiplex PCRS ©]-&3e] lghaie} 48
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efficiency~= 243 202 & 4 Ut
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Male Partner
(Normal Male)

Female Partner
(Carrier Female)

Cousin
(Affected Male)

Embryo-1
(Carrier Female)

Embryo-2
(Carrier Female)

Embrye-3
(Normal Female)

| L

Embryo-4
(Normal Female)

Mutant
Allele

Normal
Allele

Polymorphic Marker, DYSI

Sry Gene

Dystrophin Gene
exon 45

Figure 3. Electropherogram of the multiplex fluorescent PCR of dinucleotide repeat marker (DYSI), Sry, and
dystrophin exon 45 for PGD of Duchenne muscular dystrophy. A (top): the unaffected male partner; B: the carrier
female partner; C the affected son (no dystrophin gene peak); D and E: the carrier female embryos (with mutant
liked marker and dystrophin gene peak); F and G: the normal female embryos (°] &% 57, 2005).

ahd o] = el A ADOZ} FAlo dod SE2
m- Horne, Eiwol} gli= A4 ADOZF
AZE ANA A zde] & 5 9l o] AL =

3] autosomal dominant 2 2+e]1} compound hetero-
zygoted] kel ZFQ3}tt.
(2) Fluorescent PCR
AukH el pCR 71 AA
523k A719] products TFHEE
PCRO A= 3+ primer t]4lo
fluorescent oligonucleotide S A}-8-310] S-2%A]A laser
analysis system©.= 1 products A3 UE=
fluorescent PCR2] W17+ 7] PCRE] ©F 10004
o]/do] Hr}. o] WHO =R cystic fibrosis®] &7
FARGN AA; alleled} 3 bp7t AEE A508
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(3) Whole genome ampilification
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glof st GAMEE AFESIEE A2 DNAY
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base random oligonucleotide primer 5=+ DOP primer
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& ek

3) Comparative genomic hybridization (CGH)
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46XY

Normal Trisomy 21 Monosomy 21
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Figure 4. A schematic diagram of CGH procedure

6) Mini-sequencing

Qg A7 LS 143 F test DNAE hybridize
Sl o]E template® 3} labeled dANTPZ hybri-
dizationA|# 7}H sequencingS- St W ol W
2 SNP (single nucleotide polymorphism)2] 214
ko] F-8-3}t}. SNP+= linked marker® ©]-&

= 9o ™, microsatellite .U} &3] 27 =
-2 PCR fragment= W% & o] e, ©
UM EZ] FEAofl= -2 DNA fragment’} ZIh
of o m&A ot} A A= AL 5
o] EARo] H-91& FAlo AeHA ¥ B E mini-
sequencing®] &3}t Fiorentino 58 23%¢] ¢
o FAAGelA 2505719 PGD AW 23, o
53 linked polymorphic markerE ©]-8-3+ multiplex
fluorescent PCR¥} mini-sequencing 7|'H-S &7 o]

goto] Agetar a84< S Basigltt

7};(3} 3] AlgEE Asto @i A ©-A]
¢+ © & Myotonic dystrophy, Huntington's disease

7} 3,151, AAAA A FHaAsto R cyst1c fibrosis,

B-thalassemia, SMA, X-A¥ 23 Foll=

FHoF X S5 (fragile X) 5°] ATh ‘F’r;ﬂ@-“%/l

PGD A3} AdAutz| o g Y32 oF 98%°l 4 7}
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Figure 5. PGD for B-thalassemia performed by using
the minisequencing technique. A) Pedigree of a couple
carrying B-thalassemia mutations. Informative STR mar-
kers are ordered from telomere to centromere. B) The
mutations of interest are IVSI-110G-A and IVSI-6T/C.
Color is assigned to ddNTPs (green/A, black/C, blue/G,
red/T). The blue peak represents the normal allele (wild-
type base G), the green peak (mutant base A) the mutated
allele. Embryo 1 (upper left) is a carrier for ISI-6 T/C
mutation (showing black peak). Embryo 3 (upper right)
is a normal; embryo 2 (lower left) is compound hetero-
zygote for the 2 mutations.; Embryo 4 (lower right) is
also affected, although the minisequencing result shows
heterozygosity for mutation IVSI-110 G-A (linked STR
markers hlghhghts an ADO of affected allele) (Fiorentino
F, et al.** 2006).
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&2 laser drilling®] <57}+3l $)31, trophectoderm
WAL OF 4% QoA AlSden) 944 A&
& o FAF 27%2 BuH e’

1) B-thalassemia
S0 nRI 747k U2 HBB gene
mutation=- 7} H.QIA})| 4] linked STR (short tandem
repeat) markerE 7 ©]-83}o] multiplex PCRI}
minisequencing -2 PGDE A3} 2 ADOZ
At oS =Y 5 AT (Figure 5).

TR AA
2) DMD (Duchenne Muscular Dystrophy)

Fiorentino

H-2lo] Dystrophin gene mutation = 23l Q&= -
Fo| A PGDE A]83}51 2™, duplex-nested PCR¥}
vl poly—

=

dystrophin gene exon 45, Y specific Sry

1 2

3 46 7 8 910 1 MNCMNC

Em

218 bp
178 bp

Figure 6. Agarose gel electrophoresis of the restriction
fragment length polymorphism (RFLP analysis with bcll
restriction enzyme in the PGD for OTC deficiency. In

o

St Ao ot A|
morphic marker® DYSI F-91& FAldd S3A7]=
multiplex fluorescent PCR-S ©]-83}o] PGDE A| &Y
SFoAt}. o]efgt HIH O 2 dystrophin gene mutation2}
mutant alleles 37 £A O =N ADOE Folil
wolxtel A FATE RS = gk

3) Ornithine transcarbamylase deficiency

84 3|2 A= aaE, APAole 1
FYold 35S 3%k} Xlinked co-dominant 23
OS2 fFHAR= Xp2l.1el 91x1gt) o] 3ke Holol
T A5 R Tt AFgabH, heterozygous 143 €
| gl A9-5H A 38s Hede
Flo] OTC AF 5 HAAR! FHe
2] duplex-nested PCRZ RFLP }'H S 2 PGDE 4]
3lo] A3 HolE E4+akt) (Figure 6).°

4) Fanconi anemia with HLA typing

Fanconi anemia®l| A =] A4 2 o+ AHS
o] PGDE A 33HH A, linked markerS SHA| ©o]-&
3t mutationS e, 3holele] HLA matching
2 aneuploidy XIT7HA] o =M AFAQ1 =4 of
719] Z4ko] 7155k 21, stem cell®] ©]2]o] 7

st} (Figure 7).

OF AH M= XA ©X Cjo| zd7
normal embryos (No. 1, 2, 3, 8), the 218 bp 6IICR products 2. GMH MM 2HYH FHEZTITe| Aot
. . = 2o
were not digested with becll (¢]3% 5, 2004) (M:

- = o
mother, NC: normal control). AAA| HFE 7 FAfoll A =& A4S
0 HLA marker order:

FAMNCA Markers order:
DES1568 123 133 137 131
D6S1560 167 163 163 163! 148153 152 161 ! D165520
TAP1 207 205 158 160! 207 220 158 160 ! D1653026
MIE 115 100 139 139 106 124 137 137 FANCA Intron 1
D6S265 181 172 R95IW N ! ® ® 187 178 N R1080L ! (FANCA Arg951Try)
RF 274 133 T G ! 317 295 T T (FANCA Arg1080Leu)
D&S306 104 100 134 134 116 112 132 132 FAMNCA Intron 27 SNP
HLA FANGA 14 1.2 HLA FANGCA p16S3407
I-Informative markers !"Informative markers
123 137 123137
167 148 163 161 167 148 163 161
207 207 158 160 207 207 160 160
115 106 139 137 PGD 115 106 139 130
181 187 RO951W R1080L : 181 187 N R1080L
24317 T T Cvs 2714317 G T
104 116 134 132 104 116 134 132
HLA FANCA 21 2.2 HLA FANCA

Figure 7. Preimplantation HLA typing combined with aneuploidy testing and PGD for Fanconi anemia complemen-
tation group A. HLA haplotype analysis based on parental and affected child's genomic DNA testing (Rechitsky,”

2006).
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Table 3. Congenital malformations after preimplantation
genetic diagnosis

Babies with malformation 17/426 (4%)
Major
Absence of corpus callosum 1 singleton
Hemangioma 2 twins
Bilateral cryptorchidia 1 triplet
Inguinal hernia 1 twin

Unilateral cryptorchidia 1 singleton

Cleft lip unilateral 1 singleton
Esophageal atresia 1 twin
Omphalocele 1 twin

Pulmonary stenosis 1 singleton

Left ventricular hypoplasty syndrome, 1 singleton

aorta stenosis
Minor

Congenital hip luxation 2 singletons
Cranial asymmetry 1 twin

Kidney and bladder problems,
mental retardation

1 singleton

Nephromegalia 1 twin
Pre-auricular tags

(from ESHRE consortium data collection VI, 2007)

1 singleton
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