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=ABSTRACT=

Successful Preimplantation Genetic Diagnosis for Ornithine Transcarbamylase
Deficiency, Junctional Epidermolysis Bullosa and Lactic Acidosis Using
Duplex Nested PCR: Delivery of Healthy Baby by Specific Preimplantation
Genetic Diagnosis for Ornithine Transcarbamylase Deficiency
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Objective : Preimplantation genetic diagnosis (PGD) is reserved for couples with a risk of transmitting
a serious and incurable disease, and hence avoids the undesirable therapeutic abortion. Herein, we report the
result of PGD to carmriers at risk of transmitting ornithine transcarbamylase (OTC) deficiency, junctional
epidermolysis bullosa (EB) and lactic acidosis (LA) due to defect of pyruvate dehydrogenase « 1 gene,
respectively.

Methods : The ovarian stimulation, oocyte retrieval and ICSI procedure were undergone by conventional
protocols. PGD for single gene disorders was carried out after biopsy of one or two blastomeres from the
embryos on the third day. We performed the duplex nested PCR of the simultaneous amplification for the
causative mutation loci as well as the SRY gene on Y chromosome in case of OTC deficiency and LA. Two
different mutation loci of ITGB4 gene in EB case were amplified by the same protocol. The PCR products
were analyzed by agarose gel electrophoresis, restriction fragment length polymorphism analysis or direct DNA
sequencing.
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Results :

A total of 26 embryos were analyzed by duplex nested PCR. One or two blastomeres were

biopsied, and successful diagnosis rate of PGD with PCR was 92.3% (24/26). There was no contamination in
all PCR samples of negative controls (n=67). Five embryos (19.2%) were diagnosed as normal embryos,
which were transferred to the mothers’ uterus in each cases. In OTC deficiency case, singleton pregnancy was
established. At 17 weeks of gestation, genetic normality of OTC gene in fetus was confirmed by
amniocentesis. A healthy baby was successfully delivered at 36 weeks of gestation in OTC deficiency case.
Unfortunately, pregnancies were not achievement in cases of EB and LA.

Conclusion : This is the first report in Korea that healthy baby was born after specific PGD for OTC
deficiency. Our results demonstrate that duplex nested PCR for single cell is an efficient method in identifying
the gender and single gene mutation or two different mutation loci, simultaneously. This PGD procedure could
provide normal healthy baby to the couple with a high risk of transmitting genetic diseases.

Key Words : Single gene disorder, Preimplantation genetic diagnosis (PGD), Ornithine transcarbamylase
deficiency, Epidermolysis bullosa, Lactic acidosis

< Az AdFA Fowjoto] A Fofol A, £ S B9 AR ol Feel *P*QEMX]E A
o2 Aol Qle $ols F4E FE0] L A A FHRAE 7NdS Edwardse} Gardner
AN RROLE B0E & 9= 98 AT AN 0968/ Slal AgoE wYNgOR, 1 F A4 &
2 AR (preimplantation genetic diagnosis, PGD) AR ee] HzAel LS 1990 Handyside S0l
ol =4, AEH I gl o2g g S o8 Hx=2 Hu=glth Handyside 5 (1990)2 FH&
joko]2] Aol HZgAFA QL ujote] o A5 ujAlE7] 9 AN WS olgstd Y @AY 54 BE
@A e @ kA R olgl hA Bdel 1 FEAA 49 TEAE wHel W 408
© WS o83 BYHA WoltE H¥AoR o NP3 AU ookl B4E HRIAA. T olF A
A5t GAA 0T o]Ato] E FolE EAE 3HEo) A ARG cystic fibrosis® &} S -globin gene defect™
$e FRAAN QAT 2oz A% AAA, $A4 e B 484 ATl ol g,
RRe FAAA FI AR 20T 5 UES Aol nael oshn @4l A AAHL2 30006 o]
ol £ Aete] EAoltt. Al d¥7t 4 g2 =9 Ao A FRAAGE Adetglon old wE g4l
PRE goR @ A4 £4 o4 WA B f ES 4% Aweka nnsn 91ow of 10009 ol
AR ol b X gAA A% 41 AR APl ) ojolsel olaF W 4RAT F olgon e
b oRRE gaoz AW fAT W AAHeR 49 gilel FAHTL Uk A AARLE o 407 7]
g A ET glon, §d Al iz AR Tl A A fd AdS At glom, 2 F 44
(prenatal diagnosis)= AT 4 A= 7P o] W+ 9] 7]# (Chicago, St Barnabas, Bologna, Brussels)o] 24
Wez AzE T Y. 0006 F 274AE AFSAglon o 5% YRS

Bl Q179 WMokl A GAA ol4E W= /b mushu AB oSl IZ, A%, ook 55 5
oA e AREA (anyonping 02, FHE el YA 341 48 AR Ade e o
AL Foto] GAA o U T ARE dE T 02T HA sold ALR JiHTH
gt et <Izbel A velel N AFRAE 9 22 eke) ASE 20 ATAdA FA 44
g A7) Bokou, o § Ths g A S, uljobd & Aes Aldgsta IARh, d@AQ7k4 Baud 2d {4
1202 AA|L, Y Gandingol o3 A4A  Agke] A$ F2 ARAURPUL o184 A
o 89l] o] o] WY W ANE A £ Aol F2A olgel BFEL AT glo.
Atk o1& AAst7] skl o 7hA] BAYESA W B, SHALAYNEHE AFES] G FHAL o)
Mol 1k 48Rl WA A4 AAAT dold o BiE AW FAARE ADD 49T vy =8
AR HAE A o RE A FFAH RS & 4 nk” wpeka B =F 0|4 duplex nested PCR
(HSH fluorescent in situ hybridization)®} % 3ta A ajut S o] &3te] A A% ornithine transcarbamylase

% (PCR, polymerase chain reaction)©] o‘111r AP
Qlﬂ & F2 oA A (translocation) ZTh, A AAL
A FA ol AAtel AREE A, FHEAA

- 709 -

(OTC) deficiency, junctional epidermolysis bullosa (JEB) 1
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1. Ornithine Transcarbamylase Deficiency

OTCE mitochondrial matrixel] 9=
enzyme ©. 2 A] carbamyl phosphate$} ornithine © 2 F-¥
citulline®] 944 S Fujste &S gt} OTC
A X G4 gk Xp2L.1)ol 9258 10709 exon
I 9709 intron® 2 FAEO Ut} cDNAE 1,062
nucleotide 2 o] Fo] & o™, 3547 2] o}n|-ALS T
33t 9tk o] 32719 ofn=Alo 2 o] Fo]Z leader
sequence= mitochondrial matrix2 Eo7bHA EElH
45402 3249 oppleton ololxl Bl

N5 FAHe.”

OTC Z4AER3F NEIS-A
o} £4-4 8| (acute neonatal hyperammonemic coma)=
RE HE4 4 G oS el dehde
Heterozygous 340 <] 80% ALZollAl= F7¢o] YEA|
Aul YA BEZe AYL Hole JAF H|S&

homotrimeric

4 ZA]-O :LH )\Ago]_

= REz
& e Hole Aoz A k! o fHAE
o A X-A# 4 AL Ao ol A A%
2 Zoto] hyperammonemia® 13 AF43lH, O &9
heterozygous /9] 7-¢- ‘ﬂ FHE oA e A%
T JAR 9RE F/E dolstn 4, AF, Wy A
A, 44 EFE E°l7lE Fia=
2. Junctional Epidermolysis Bullosa
Epidermolysis bullosat= 3]%-¢} g whof] 4=37} 4}
lt T34 FRAgo|t}. o] A% 3 7|AH} <t
Ai AEol wet A VMR FRED AA,

slmplex type (EBS)S keratin 59} keratin 14 A2 &

A o] wjio] basal keratinocyteQtol] EHo| A7l= &
glolm, SR ZE dystrophic type (DEB)S.Z type VII
collagen (COL7A1) @l d g o]Fo]d Q3 FA1LZz
¢] anchoring fibrilol 4] lamina densa o}2f H-9]ollA %3
o] 7t dojv= oIty COL7AI fr3dAte] B2
AWl WA doH ol AT 49 FIHA
U2 FAHE 222 g8A ok wARe R AR
+ junctional type (JEB)C. 2 lamina lucida®] Z13]-3% 3] 7]
Aurol A 27t FAHE FHE Boln wAFxRAY
hemidesmosome-anchoring filament complexol] 42| o] A%
TR od JEB type®| $Aol| A<= laminin o3, 83,
¥ chain® 2 U&7 laminin 58}= anchoring filament

protein®] subunit chaing Tr=+= 37}A] AR AW
ol7F ol wrelA itk mEF Al duld F sl
integrin A4+ integrin @ 69} ZAE 3}t integrin 2 6/ S 4
heterodimer ©]% 1 o|= laminin®}t A3 248 E3lo]
hemidesmosome ] A1} FA|o] B3},

oA o2 20000 Cserhalmi-Friedman 5'*o] 27

o] AE oz 59 IVF cycle Al&3te] JEBY
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olgF 9
Herlitz typedl] thdt 2dA FA0GS Aldsigon ¢
< HA g2 Aoz RuHIY
3. Lactic Acidosis
Lactic acidosis= 40}A| 7]o] A5 ©H = tfAlo]
A Aoz Fa doloz w3 R AL pyruvate
dehydrogenase (PDH) complex?] o]Ato] tjF-Ho|t}, o]
PDH complex deficiencyS H.ol= At dAHd EA L
W creel A AzaE BAAAE 475

EA e Aol Al7lo AlZ}E lactic acidosis®} Z 7|
Abgpo 2 14-1414-% A4 AZolt}. o]H PDH complex
¢l th RS PDH complex T-A4 il g
9] el pyruvate dehydrogenase (EI) @ subunit
(PDHAI) §-729] EdRoloA 7Qlete Aoz &
7 Ak

Ela (PDHAI) 37 ole] 74004 Ae] 24
o s g on, " Rud vze ok 15 kb o] %o
7 lew 1 gL 29719 ofu]iito 2 o] Fol
mitochondrial targeting sequenceS ¥3+3t 3907 2] o}n|=
ko 2 FAE o] it o] fAAE 11709 exono 2 ]

deficiency
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ol A ¢ %ﬂ o= UEE de novo2 WA= o=
Bugn g @ZH?JW AH7 El ¢ §A4e =4
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A sl Bt geA Qo
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1. Patients

1) Ornithine Transcarbamylase Deficiency
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3] gl o FRE] genomic DNAE FE3}e] ornithine
transcarbamylase -+ AA+2] exon 9& FAlste] B Az
R320Xe] E4lE AN 4 AUt (Fig. ). OTC
deficiency= X G4 A co-dominant 230 2 H Iz}
A ME BdE 4 ¢l7] wfiol single cell PCR W
WO Ak Al o709 7p & 1oz 4HA =
allele drop out (ADO) 7}sAS HUig wiAl5l7] 913t
FISHE ©]&3% X, Y, 18 |AA 247 SRY 379
AL 39T OIC {44k exon 99] EdHe]
< 93l duplex nested PCR WHg AL&3le] 23
RFLP 4] ®FHE& 53 OTC exon 99] AW o]
3}ols}] o FISHS} duplex nested PCR HH 2]
£k 3249 A9S AT,

=2
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-

bl

et

[
o
kel

319bp—
223 bp—
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1* PCR Nested PCR

Fig. 1. Identification of the maternal mutation (heterozygote
type) in exon 9 of the OTC gene. After restriction
enzyme digesting the PCR product with Bell, the 319
or 218 bp PCR products of the affected mother were
digested into 223 and 96 bp (lane 2) or 179 and 40
bp products (lane 5), respectively. Lane 1 and 4, the
first and nested PCR products of the affected
mother, respectively; lane 2 and 5, Bcll-digested
products from the first and nested PCR products of
the affected mother, respectively; lane 3 and 6, Bell-
digested products from the first and nested PCR
products of the normal father, respectively.

2) Junctional Epidermolysis Bullosa
B 39e 39 A 94 94 34
Z3hst ot 23719 Hhol
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A A fAAY D F4 -
o A% AL 178 GAR AAHT Y integrin

B4 (ITGBHAAM 9 EARZ Wajxom F57} 7}
2 A2 OE 9200 DhHe SduelE AT gt
Ao FolFrt. oA el A ITGB4 exon 79 A
nucleotide C7} A9} (601insC)% o] frameshift7} Ay 3}
™ A premature termination®]= EHWHo|PoH, P
Ao AL e A9 exon 1194 nucleotide A7}

C (1274A>C)2 X 3= 0] glutamine©| proline®. 2 u}¥|

© 990 (Q425P)E 7HAAL Qe Aoz FIHS
o (Fig. 2). o5 ¥ 7z} ITGB4 -2 Ae] ol

2 7FA 3 Y7) W&ol ITGB4 exon THZ} 11H-S &
Al duplex nested PCR WOz FZAIZ] T direct
sequencing'dH o2 ATS ST

f.ﬂ

f I, ﬂlflll'ﬂ!'lnln

Wild type

| GGGGGGGTCACT GGUAGCTGGCACA

[- B350 3 Heterozygote type T
it Tl |
I| |“F||| ||n . TCACT GGCAGCTGGCACH |I| MH‘”
hl | GGGGGGGGTCACT  GGCAGCGGGCACA hﬂﬂ |‘|| “
|

Mother Father

Fig. 2. Detection of the maternal (underlined G insertion) and
paternal mutations (underlined G substitution) in the
exon 7 and 11 of the /TGB4 in the EB case,
respectively.

3) Lactic Acidosis

g BEE W FA] 3542 lactic acidosisZ 2T
W olgo] Ytk ol ¥us ofEe YA ey
FA4 HAE Aetel B AT X 4
AA ol A8k Q= PDHAL £l Edel7} 9)
A}, 9L PDHAI $-779] 1163-
1166 $ ol 1159-11629] 4-bp (AAGT)7} FEFHA] A+
9 Felol wogolgon 19 olEe wAY E4
wel7k Sl HA4 X QAR G408 Aom B
Atk (g 3. 4 Wl 4bp 49 F7E WG]
93] PDHAI exon 113} SRY A AZ duplex nested
PCRE ©]&3}e] ZZ )71 & PDHAI exon 119] AHEZ2

o= 3 =]
Y FFE g3

He

direct sequencingS- 48 3}o] 4-bp

Atk

2. Genomic DNAg9| &z|2} single lymphocyte
preparation

ztzte] 3

o] Y= vaccum tubed] 5

o B
B ®

A%o] 9l o}5e] Wehg EDTAT}
mLX A & YN E s}
3l & AquaPure Genomic DNA kit

o] buffy coat
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(Bio-Rad, Hercules, CA, USA)S- ©]-8-3}] genomic DNA

£ 230 A4 W74 2000 BBEAYeR o] o
F3lo] 71 44 A% AN AAfAAS] BE B
wol o2 stelsker] Mg

TTTAAGE I;;_:;iﬁ:{l(: G

.&ﬁ 'fmlul _I"ml‘,m&m H" .M f"lh *.;ﬁ h‘

Wild type

Mutant type

Heterczygote type

Fig. 3. Identification of the mutation in the family with the
lactic acidosis due to defect of pyruvate
dehydrogenase E1 a gene. Four-base pair inserted
sequences were presented italic and underlined in
mother and affected son's sequences.

T3 A fARASES AdE7] A 7 primer
PCR Z 73} amplification rate, ADO rateS FA}3}t7] 9
sl 7 3ol oS Ficoll-Paque density gradient
separation (Amersham Pharmacia Biotech, Italy) WHo 2
lymphocyte WHS EE3l4th. 2 F 60 mm culture
dishol] Ca™, Mg”"-free PBSZ drop& 5H= 31 1 dropo]
lymphocyte cell YF-E Yol 343 & Hn|HsolA
micropipettes ©]-8-8}e] Z+z}ho] lymphocyteE 5 ul9] lysis
buffer (200 mM KOH, 50 mM DTT)7} £¢]l+ PCR
tubeo]] WAt} =M E single cell tube= AR A7FA
10T o] Hpetglon, o] & o]-&3}9] single cell PCRE

S5t 7z} EAHo] H 9o thdk PCR amplification
rate®} ADO rateS ZAFSFATH

3. EAtel xHF ! wfote] wjet

Gonadotrophin-releasing hormone (GnRH) agonist, human
menopausal gonadotrophins (hMG)$} human follicular
stimulating hormone (hFSH)& ©]&3}o] Fpuj&S =3}
Ak 2&92 WA 2712 BTl H4e ) o
Ao] Rz} 18 mm oA, 17-8 estradiol®] FE7F 500
pg/mL = %S w] human chorionic gonadotrophins (hCG)E
10,000 IU FAF3}GITE hCG FAF 5 3447kl A4 28
95 o]8ste] daE AF S AHE dAR= GFert
vl kA (Vitrolife, Sweden)dl] €of, 37C, 5% CO,, 95% &
71 & wWE7IoA 34413 ket vk F AdsE
Wbl M Al A AAFAES AP CH, 16-184]
2 Fol FHE ATk 0] AlE T 48
AL F kR F 6-10 A7l 1279 &5 A

Aot
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4. & MA (blastomere biopsy)
H % 394 6-8 Alx7]9] wjolE tdo R I A4
Alstant. AA A S GolstA 87| st W
A wjobE Ca”Mg' o] EoIUA e v (EB-10,
Vitrolife, Sweden)ol] 547+ 2] 2)3} 4t} Biopsy pipette U
o HF#e] acid tyrode & (pH 2.4)& A1 holding
pipette 0. 2 Hjo}= 1G %+ & acid tyrode Loz Bl
el dFE AA}A F ofH AA F 38 R
ALz B 12NE AT EFE AL & F
Hlol= 3-43] A T wjgdo g &7, wjofolA] A

A v

5. Cell lysis 2 =glaa A

Alkaline lysis bufferE o|&3le] QUM I E lysisA] 7]
7] 8l 65C oA 1087 W23 & 5 1119] neutralization
buffer (900 mM Tris-HCl, pH 8.3, 300 mM KCl, 200 mM
HCHE $o] lysis bufferS ZF3AZTE SHaA A0
9 §o]4d& ®ol1 ADO rate% Zol7] 3 & A3
o A= duplex nested PCR 'S A&-3llch z+
Azt IAA §4 Ak /K}o Sl first primero} nested
primer®] ¢ 7]A 4, annealing temperature, 2] 3. PCR Ak
E9| A7|= Table 1o YERHAT

WA PCR) 7% 10 mM Tris-HCl (pH 8.3), 50 mM
KCl, 1.5 mM MgCl, 7 02 mM dNTP, 10 pmol A¢]
primer pairs, 1 unit®] Tag DNA polymerase (Boehringer
Mannheim, Germany)S &3%3 & PCR tubedl] ¥ o] 30 ul
7F FA 3tk PCRS DNA thermal cycler (ABI2700,
Applied Biosystems, USA)ollA] =383} 0™ 96T ol A
1027k Whg-3 3 94T oA 40% (AL 10 cycless| A=
96 Coll A 40%), Z} primer] annealing temperatureoi| A] 1
£, 72 CollA 129] elongation cycleg 253] 483+ & %
FTHoE NNTAA 1027 ¥-AI AT A M4 PCR 1
ol B¢ F I A9 1 ylE template® AH-§-5}o]
nested PCRS- 433} 2.8 10 mM Tris-HCl (pH 8.3), 50
mM KCI, 1.5 mM MgCl, 7} 02 mM dNTP, 10 pmol<]
primer %, 1 unit®] Tag DNA polymeraseS &3+ & 20
u7F EA 39t} Nested PCRS 94T ol 4] 10827t Wk
8l B 947Col| A 40%, Z} primer®] annealing temperaturei]
A 18, 72TColA 129 elongation cycleS 403] —rﬁﬂﬁl-
T HEHo= 72TA 10T7} HV’Al o SEE

AMEES

°|-8

7] f]o}oq F@i @Jﬂ‘ﬂ%
control tube Z.2.™ biopsy &

s WA e ol
A ed o

Al 278 ©]/¢2] negative
Al = BljolE Hl
EO]'H] /é]—é—uq—(?:]'gi

=2 I3
E_l_—%



Table 1. Sequences of oligonucleotide primers and PCR conditions for duplex nested PCR of the 3 different PGD cases

Name Sequences Annealing temp. Product sizes
Ornithine transcarbamylase deficiency
CACTCTGCTCCTTTGTCTCT
Ornithine transcarbamylase Ex 9 62 319
GTTGGAACCACACAAAGAAC
GGCCATGTGTGTTTTTAGAT
Ornithine transcarbamylase Ex 9-nested 64 218
GTCCACTTTCTGTTTTCTGC
Epidermolysis bullosa
CGTCTTCCCCTGTGACACTC
Integrin 54 Ex 7 61 274
CCTTGCCCAGAAGTGCTC
CTCTCTCTCCCTCCCACCTC
Integrin 74 Ex T-nested 66 194
ACACAGCTGTCTGCAGGATG
TCGATGGCCCCCTGGTCCTT
Integrin 54 Ex 11 61 274
CCTGGGTGCTTGGCTCAGCT
CCCTTGAGCACGTGGATG
Integrin /54 Ex 1l-nested 66 185
GGTGCTTGGCTCAGCTCTC
Lactic acidosis
TTGGTACCTAAGCTGCTGTTCA
Pyruvate dehydrogenase @1 Ex 11 62 380
GGCATACAGGAATTGTTCTTCC
CTGAGCCACCTTTGGAAGAG
Pyruvate dehydrogenase @1 Ex 11-nested 66 187
TGACTGGGTTTTCTTCCTCCT
GAATATTCCCGCTCTCCGGA
Sry 64 472
GCTGGTGCTCCATTCTTGAG
6. HLAE Eap o)A 50% formamide/2X SSC, 2X SSCZ 4|43,
B} G324 SAARES 98] OTC deficiency T}A] 2X SSC/0.1% nonident P (NP)-40 buffer= A}-L-0
o 7S HFAHRINS Waste] A 3A0). Biopsy A AA 3t 2 % DAPIZ} H7}¥ antifade mounting
# &% 05% sodium citrate G- ol A SEI A2l 3 solution (Vysis, USA)©. 2 10+t DNAS 44% ¥ ¥4
U slide glass® 75 &4 F7] FolA 222 & n)7 (Optiphot-2, Nikon, Japan)©.2 #3323 B 31 <]

T Adnd Seld BaREA 139 Camoy's
solution, methanol: acetic acid=3:1)2 Hojrtg] g9
S ngstdth. A AS s AxA7 &, 7o

AEAS AAG7] Y98t 0.01% pepsing] 0.01 N HCI
FAg 580 At SHF PBSE FAS F

1% paraformaldehyde £ 02 1027+ 143} PBSS}
ZRTE FASHTYE 2 & 70, 85, 100% ethyl alcohol
2 g5, AT X, Y, 23 18 g i
¥4 probe (CEP X Spectrum Orange, CEP Y Spectrum
Green and CEP 18 Spectrum Aqua, Vysis, USA)Z 37Tl

A 16417 52t hybridization} 1 t}. Hybridization & 42C
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signal & #&3L3iT.

7. Restriction fragment
analysis

OTC deficiencyoll thet dd Fdxde] 3¢ =
Ho| oK = restriction fragment length polymorphism H}
S AgEte] Aekdlgdel. Nested PCR AHZ-S Bell A3
&2 (New England Biolabs Inc., MA, USA)Z 50T o A
2A17F 2] 8 & 2% agarose gelo] A7) FEte] 1 A
29 UV a4 Baas

length  polymorphism

kil
o
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8. Direct DNA sequencing

Direct sequencingS $]3] ™ nested PCR AHE&
QIAquick PCR Purification Kit (Qiagen Sciences, USA)
S o] &3l HASIY . Sequencing W3- 8 ule]
Terminator Ready Reaction Mix (BigDye Terminator
Reaction Kit; Applied Biosystems, USA), 10-20 ng2] DNA
template, 1.6 pmol®] sequencing primer} FHIS EF
ate] 2% 20 pl= HEN O™ 96T A 30%, 50Tl A
15%, 2831 60ColA 429 cycleg 253] HHE 4=3)35}
At} Sequencing ¥H3-AHEo 2 412] 3 M sodium acetate
(pH 4.6)9} 50 yl9] ethanol& Yol 4-& F A2 15
B2 FAEE T 1 F 13,000 mpmell A 1583 AT
28kl 1 pelletS THA] 70% ethanol 2 A 23+ & A%
71 % 20 ple] Hi-Di formamide (Applied Biosystems,
USA)E =9tk 1 v+ 90CollA 58 59t denaturation
A7l ¥ automatic genetic analyzer (ABI Prism3100-Avant,

°o|g

ofr

9

SRY ZAAFE $13l duplex nested PCRS 433} t} o)<
OTC B2AHZS A% ol4ol HAAY ASE 2
Wol wAET AlRE 4 317 WEol SRY AAE
AT 20 4L AAe] ol el BAe
single lymphocyte® A3k duplex nested PCR ofH] A&
ZA 3} amplification rate®} ADO rate= 2}t 42/46 (91.3%)
o} 4730 (13.3%) = A=A F 1870] FAE 3535t
o 1718 o2 AxAY BAFdES TR
o 1 F 11709 g ko] S Itk 11749 Hfo} & 2
N #3432 E3FE UIY AJ738te] duplex nested
PCRE a8t U A 9719 +3&L S3E 244
Ay 7A3le] & 7§ duplex nested PCR, YA 3t 7] 7
X, Y, 2 18 FAA tigk 3 ol HAE
A3 FFAHEIES FPsATh. YAH S 2 duplex
nested PCRS] 7-¢- 117} % 17]= amplification failure

01%)y5 JYEAT YA 10717 SFEQen o5

S U2 Bell AFAAE o83 RFLP £4&
gt 4719 A4 wjolE ERlstATt (Fig. 4). 1t
CEP X Spectrum Orange, CEP Y Spectrum Green¥} CEP
18 Spectrum Aquas A}8-3te] Ald)e &P H G
9] ZA 7} (data not shown)ol| A 47] = 17§= 189 GA1A
trisomy, 17]= 18% G214 monosomy, 17 BAA E=
HAZ e 9 wiol, Uy & s A4 otz &)

1. Ornithine transcarbamylase deficiency o] o] & 7] wjoluke o]Aetgr)t. 1 T Al HA

o] FERo] He JdH HAgo|fort F ol A A A galo R RIHNOH, 175 & &5 AAtlA H)
4ot EUHAT. X GAA A Q= ornithine of7} B4 dolds RIS AT (Table 2). A U4l 36
transcarbamylase A4} exon 99| R320X = wol<} Tt AGENE Aldste] 2.8 kg A3 HolE

Applied Biosystems, USA)E ©]-&3} capillary electro-
phoresis$} Segscape software (Applied Biosystems, USA)S
AH&-ste] DNA 4714 ES 433l

Z =

Table 2. Clinical outcomes of the PGD for 3 different single gene disorders

Ornithine transcarbamylase deficiency Epidermolysis bullosa Lactic acidosis

No. of oocytes 18 17 15
No. of injected oocytes 17 15 9
No. of fertilized oocytes 11 13 8
N"('bl:itsriz‘e’:ei:;i embryos 11 (20) 10 (19) 565
No. of analyzed embryos 10 10 4
No. of normal embryos 1 3 1
No. of normal or heterozygous female embryos 2 0 1
No. of affected embryos 7 7 2
No. of transferred embryos 1 3 1
Pregnancy Yes No No
Amniocentesis Normal

Birth weight/Gest. wks. at delivery 2.8 kg/36 wks
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Fig. 4. Agarose gel electrophoresis of the restriction fragment
length polymorphism (RFLP) analysis with Bcll
restriction enzyme in the PGD for OTC deficiency. In
normal embryo (No. 1, 2, 3 and 8), the 218 bp PCR
products were not digested with Beil.

2. Junctional Epidermolysis Bullosa

o] B39 A e KA (TGBH M= e =
Awol7} o] A st F F 71 ¢ AWl (ITGB4
601InsCe} 1274A>C)E ZAlellok §7] wjio] duplex
nested PCR S o] §3l5ith 2 Faxds A3
3}7] o] Aol Fx}9] single lymphocyteZ 4 A% duplex
nested PCR o|H] ¥ A3} amplification rate= 166/173
(96.0%), ADO rate’= 23/132 (17.4%)2 Jebth & 177]
o] W25 AFHst 1579 AEE dAeA AxF
AAFUEE o185 1h7h 4R A of %
0749) wlol2 thgez Ahadon 1) wo A
93 A el wolel A 2hH e BTE A7
sle & 19709] E+E A4S 2 duplex nested PCRE
AT (Table 2). 87 ZE 014 1) (529)°)
Al 5ol A amplification failureS H. o™ YA 187]2]
PCR 2Hz-& ©]8-3}4 direct sequencingg =333t 4
oz WHE Al o) wolE olAasgent QAL of
7127 skt

3. Lactic Acidosis

X A o] 9= PDHAI 534} exon 119] 4-bp 419
o] of Age] Alo|] WR 4 EALS PDHAI
Aol g 34 #72 Ads Il 49 48
3}7] o] Aol 22} single lymphocyteZ TIAFO 2 A3
3t o] A9 A3} 87.7% (93/106)¢] amplification rate 2}
19.0% (421)¢] ADO rateZ Rtk o] &ate] 3¢ %
5719 wjole] diste] B AHS AAlGeH, 1 F
Ue A7 Al o] #AHA gL wjotgom E st
= oY Y & 7t Y= wetdth dAHo=
duplex nested PCRZ SRY9} PDHAI exon 118 ZZ3}%
o1} 179 &A= SRYR ZZ 53 PDHAI exon 11

L
L
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=2 g9k} (Fig. 5). wakA] 7)) o o3
irect sequencing 3§ 3t 271¢] G4 wjolE &<
Ao, o] AbH ] B4 o] AF A} 19%
ADO rates YER 7] dEol o4 wjole
AAZ X GAAAY heterozygote ol & B3}
ingle cell PCRS ©]&3F 244 F-Ax At A4
FEEE ADOY| 2 279 7h5AE wiAE]
tod A4 94 ol TS o]4stgt) O = 12¢
B-hCGE 43t JAlAFE dAs ot YA
A 9kl (Table 2).
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Fig. 5. Agarose gel electrophoresis after a PGD cycle for
lactic acidosis due to pyruvate dehydrogenase
deficiency using duplex nested PCR. The PCR
products of PDHAT exon 11 and Sry were detected
in embryo 2, 3, 4, 5 and embryo 1, 2, 4, respectively.
There was no PCR products in all negative controls.
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