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Establishment and Application of Molecular Genetic Techniques for
Preimplantation Genetic Diagnosis of Osteogenesis Imperfecta

Min Jee Kim', Hyoung-Song Lee', Hye Won Choi', Chun Kyu Lim®, Jae Won Cho',
Jin Young Kim?, In Ok Song?, Inn Soo Kang®*

YL aboratory of Reproductive Biology and Infertility, 2Department of Obstetrics and Gynecology, Cheil General Hospital
and Women's Healthcare Center, Kwandong University College of Medicine, Seoul, Korea

Objectives: Preimplantation genetic diagnosis (PGD) has become an assisted reproductive technique for couples carrying genetic
conditions that may affect their offspring. Osteogenesis imperfecta (OI) is an autosomal dominant disorder of connective tissue
characterized by bone fragility and low bone mass. At least 95% of cases are caused by dominant mutations in the COL1A1 or
COL1A2. In this study, we report on our experience clinical outcomes with 5 PGD cycles for OI in two couples.

Methods: Before clinical PGD, we assessed the amplification rate and allele drop-out (ADO) rate of alkaline lysis and nested PCR
protocol using heterozygous patient's single lymphocytes in the pre-clinical diagnostic tests for OI. We performed 5 cycles of PGD
for OI by nested PCR for the causative mutation loci, COL1AL ¢.2452G>A and ¢.3226G>A, in case 1 and case 2, respectively.
The PCR products were analyzed by agarose gel electrophoresis, restriction fragment length polymorphism (RFLP) analysis with
Haelll restriction enzyme in the case 1 and direct DNA sequencing.

Results: We confirmed the causative mutation loci, COL1A1 ¢.2452G>A in case 1 and ¢.3226G>A in case 2. In the pre-clinical
tests, the amplification rate was 94.2% and ADO rate was 22.5% in case 1, while 98.1% and 1.9% in case 2, respectively. In case 1,
a total of 34 embryos were analyzed and 31 embryos (91.2%) were successfully diagnosed in 3 PGD cycles. Eight out of 19
embryos diagnosed as unaffected embryos were transferred in all 3 cycles, and in the third cycle, pregnancy was achieved and a
healthy baby was delivered without any complications in July, 2005. In case 2, all 19 embryos (100.0%) were successfully diagnosed
and 4 out of 11 unaffected embryos were transferred in 2 cycles. Pregnancy was achieved in the second cycle and the healthy baby
was delivered in March, 2008. The causative locus was confirmed as a normal by amniocentesis and postnatal diagnosis.
Conclusions: To our knowledge, these two cases are the first successful PGD for OI in Korea. Our experience provides a further
demonstration that PGD is a reliable and effective clinical techniques and a useful option for many couples with a high risk of
transmitting a genetic disease. [Korean. J. Reprod. Med. 2008; 35(2): 99-110.]

Key Words: Preimplantation genetic diagnosis (PGD), Osteogenesis imperfecta (OI), COL1A1, COL1A2, Allele drop-out (ADO)
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A A Z 5k (preimplantation genetic diagnosis, PGD)
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2. Genomic DNA2| £2|2} Tl 2= (single
lymphocytes) Z=H]|
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5. Single cell PCR analysis

HE 9 YA alkaline lysis buffers ©]-8
3lo] 83l A]7] 3L, neutralization buffer (900 mM Tris-
HCI, pH 8.3, 300 mM KCIl, 200 mM HC)E ¥o] <
SIAIZ T PCR ]S =0]7] 9130 semi-nested
PCR WH-S A3} 0™, primerse] 71442
Table 1] YERARIEE L2} PCRE] 5, 10 mM
Tris-HCI (pH 8.3), 50 mM KCI, 2.5 mM MgCl,, 0.2 mM
dNTPs (Roche Diagnostics GmbH, Mannheim, Germany),
10 pmol outer primers, 1 unit Taqg. DNA polymerase
(GeneCraft Co, Munster, Germany)E =33t & )
gk-g-efo] 30 p7b A skSitk Uk PCRS DNA
thermal cycler (ABI 2700, Applied Biosystems, Foster
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Table 1. Primers used for nested PCR of COLA1 and the PCR conditions

Annealing

Sequences of primers (5' — 3') temperature Size
ColAl Exon 37
COL1A1-Ex37-F (outer) TCCCCCAGGTAGTGGAAACTCCTGC o 558 bp
COL1A1-Ex37-R (outer) TCCTTCTGGCAGCCCCCACCCAGCC
COL1A1-Ex37-F (inner) TAGTGGAAACTCCTGCCTC e 261 bp
COL1A1-Ex37-R (inner) CCAACATTACCCTGTAGGAG
ColAl Exon 44
COL1A1 Ex44-F (outer) TGGGAGTTGGGAGAGATGG 62T 245 bp
COL1A1 Ex44-F (inner) GGAAGCAGCTGAGGAGAGAG 65T 218 bp
COL1A1 Ex44-R (outer/inner) GGGCACTGTCTGCATCTGTA
City, CA, USA)E AF&3te] 96TColA] 1041, 94°Cell A 2771 wiito] #x}+9] PCR Abas Addd 49
A 30 (M5 10 cyclesoll A= 96 CollA] 40x), 7t A1 ©FE band s HAtk webs 44
primer-‘l] annealing temperature®l| 4] 303, 72°Col| A allele?} =W o] alleles HAsHAl +H317] £13,

29| cycles 253] Felgt & FHFH o= 72T
Aﬂ 1023 WA 7 e AAF PCRE] SF4HE 0.5
wE A8+l nested PCRS 1831310, |
HES-2 20 w7t =7 8hglv). o)Ak PCR Whe-274
& 4} PCR 2713} Sk el on,
= 2% agarose gel A7|95HS o] &3}
= xl}\bq S) F% 2 21T _O/] o]
T-% elstr] skl PCR
Al 27 ©]732] negative control Al RS E 5}

AT,

£z riz oN %
td olo O U oo

6. Restriction fragment length polymorphism
(RFLP) analysis

2 HA AFES] 79- COLIAL 73R} ¢.2452G>
A9l E<dWo] of 55 Aesly| 98ke] RFLP 4
S F Ao A3t COLIAL -4 A} exon 37
o Eo]42l primerE ©]-&3}4 nested PCRS -3
3k A3} 261-bpoll G AHES FlE 4= I
th o] A7} A I Y c2452G>A Ao
7d-%- Haelll Algtaso] Ak F91Q1 5-GGCC-3'
o] v do] x3E o] Haelll AltEArz Hrty]

8 ul2] PCR 2H=, 1 pl2] 10X NEBuffer 2, 0.9 ul] 3
2} 2574 7183 0.1 we] Haelll A3HE A (New
England Biolabs Inc., MA, USA)E 41> & 377Col| 4]
2A17F A28k & 3% agarose geloll % 7|53}
I AHES UV sholA BEslt A2 allele]
739~ 86-, 65-, 63-, 27-, 20-bp2] At AHzo] Py
Eoiol allele®] 74, 128-, 86-, 27-, 20-bp<]
Heo| dEE weha F alleles 7HA AL &
skalo] 79 128-, 86-, 65-, 63-, 27-, 20-bp2] Ak 2k
o] #HTE 1E1} 27-bpet 20-bpe] H$ 7]
7} Z—}FOP 3% agarose gelol| A= #zHo] E7}53H
A A9 F el 65-bpe] A4S T ohE
Ql 63-bpe] A HAHA B gel oAM=

o] HA| &=

(Gl méi;EL

e
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7. 97| 2M (Direct sequencing)

Nested PCR 3] & o HbgtE & o
i+ RFLP 415 9fal AR&stal o &3t

S 918l direct sequencing= Aol &3
Sequencing reaction F13§ Zloll AccuPrep PCR Puri-
fication Kit (Bioneer corp., Daejeon, KOREA)= ©]-&
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«———— 128bp

«<—— 86bp
<—— 6B5bp

RFLP-Haelll digested products

Figure 1. The diagnosis of preclinical test with single
lymphocytes isolated from heterozygote patient in case 1.
Results were obtained from the test using the nested PCR
followed by the restriction fragment length polymor-
phism (RFLP) with Haelll. Lane 1; normal allele only-
band pattern (mutant allele: ADO), lane 2; heterozygote-
band pattern, and lane 3; mutated allele only-band pattern
(normal allele; ADO). After Haelll restriction enzyme
digestion, the PCR products of the heterozygote lym-
phocyte (lane 2) were digested into 128-, 86- and 65
(and 63)-bp fragments, while the products of the normal
allele (lane 1) and mutated allele (lane 3) were digested
into 86- and 65 (and 63)-bp fragments and 128- and 86-
bp fragments (not 65-bp), respectively (the digested 27-
and 20-bp fragments were not seen in the agarose gel).

3Fe] PCR AH=E #8131 2.1, sequencing reaction
2 4 pl®] 5X sequencing buffer, 8 ul®] Terminator
Ready Reaction Mix (BigDye Terminator Reaction Kit;
Applied Biosystems, Foster city, USA), 1.6 pmol2] 3]
I sequencing primer, 50 ng®] PCR 4223} S5
g EFste] AT 20 wE WHEACH, 96TelA
103, 50T 5%, 60Col A 4527 25 cycleS
33t} Sequencing WHS-E2 50 ple] 100%
ethanolZ} 2 pl2] 3M sodium acetate (pH 52)E ¥

23 & dgdl 1587 AAIZ v 12,000 rpm
oA 1581 dARYstar, AEel A7 F vA
70% ethanol® A& & HAZAFH T HHES 15 ul
©] Hi-Di formamide (Applied Biosystems, Foster city,
USA)E Ho] &allAZ] ths 95Tl 323t WA
A1Z]1 % automatic genetic analyzer (ABI Prism 3100-
Avant, Applied Biosytems, Foster city, USA)E ©]-&-3}
capillary electrophoresis®} Seqscape software (Applied
Biosytems, Foster city, USA)E& A&-5lo] 7|4 ES

25,

2P - 0IES - 2ol - YA 2 2 3¢

Table 2. Preclinical single-cell PCR analysis with single
lymphocytes in osteogenesis imperfecta

Case 1 Case 2
Amplification rate 94.2% (49/52)  98.1% (52/53)
Contamination rate 0.0% 0.0%
Allele drop-out rate 22.5% (9/40) 1.9% (1/52)
2 1

1. UMM HA} (preclinical tests)

A HA ALelle] 75 genomic DNAE ©]&3H 4
7IE A AP F-91¢] COL1AL %A} exon 37
of ¢2452G>A EAWo7}F A5S ARG o

Agos Rl A4 fr
Az Eo)717] 918 on] Agoz A G A
e g 84, T34

Sk Z,:Z\,_:oﬂ/\ﬂo 78' o;‘c}% 1
2]3L ADO rates FAFSH7] §l8he] F-2lo] v &
A5 O nested PCR, RFLP “18]31 $17]A]
o
=

A S o] 83 A AARE st

HETE gido s AAeglon 1 &
4971l A FEoll dEste] 942%0 TEALTES
KO 22.5% (9/40)2] ThA 58 ADO rates
EF AT} (Figure 1 and Table 2).

T A AR Al GG A A F]19
COLIA1 524} exon 440l ¢.3226G>A = Wol7}
Aes AgRIsIGlom, WHE GdoR FR1ES]
o} Fele] vl JrE gidoz i HAE
33 A3} 98.1% (52/53)2] SZATEI 1.9%
(1/52)2] ADO rates YER ST} (Table 2).

ol
3
=
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2 Q) S F1ol AR FANEE AP
Rehw wE vjolE FAREHYE A WAt
T B fFAdaelAE FAREE o}
F 27t 127hst 157he) woke gaketel A
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Table 3. Clinical outcomes of the PGD for two cases of osteogenesis imperfecta
Case 1 Case 2
1% cycle 2" cycle 39 cycle 1™ cycle 2" cycle
No. of biopsied embryos 12 15 7 9 10
No. of analyzed embryos 12 (100.0%)  15(100.0%) 7 (100.0%) 9 (100.0%) 10 (100.0 %)
No. of non-amplified embryos 2 1 0 0 0
No. of diagnosed embryos 10 (83.3%) 14 (93.3%)  7(100.0%) 9(100.0%) 10 (100.0%)
No. of unaffected embryos 4 9 6 4 6
No. of affected embryos 6 5 1 5 4
of transferred embryos 3 3 2 2 2
No No Yes No Yes
- - Normal - Normal
37.0 wks 36.4 wks

Clinical pregnancy
Results of amniocentesis

Delivery

Hstel s AAsksien, 97)

3|

97Ne] wiolE &
Rl gkl Adgsto] 100.0%°] e E

ARES Al

[e)
T

(93.3%)°] uj ool A

Hlol = 470} 97 o] wjolrt Ao AeH
th wgh ZH7F 17§ o] dqtell A ADO7F R o
6.3% (1/16)7} 4.8% (1/21)2] ADO rateE ERNSITE

712t 3] A4 Aol o) Aaiglont g1l
SIlTh (Table 3). Al A 244 5

< YERSLAL, 2719] @A ADO7E - E o
11.8% (2/17)¢] ADO rateS YERHATE % 5709
o]

wjolrt gabo ko] o] & 27he] wjopE
2atglont el Agab & akglth (Table 3).

FouA) Zabd 5 ] % 1079] wjo}2 &
53kl S APt o T 6-AlET] o)

IR =N
3l 879 wloll A 2744 9] B8 AR
& 47

o

L] 271] mfol= e 179 Euks
&3 e

ol

A 3
ARG = F 7719 wiots: didosE AAS
Al&star, 1 57H9] wfolell A= 270 o] &
75 Asiglon, UmA] 7R HE 17149
S5 st 2 FHaEE AlsEaltt 3] nested PCR¥} direct sequencings ©]
(Table 3). Nested PCR, RFLP$} direct sequencing= S s S AAIEE 107] vfo} 5o
4l A Zere]l A8k 100.0%2] A TET} 11.1%
(2/18)9] ADO rate® HSlom, o] & 67119 47
uem, 71 F 2789 A il

o] g3t et Ay} 77) EFo|A o] A st
HP o ADOE e}

g

ol4jate] iAol AEsLh AN 1777

N I R i R T
o] 2

100.0%°] I EES
2] skt F 67l A8 wiolrt ERlE o
5 2708 A vjolkEs o] Aate] QlAle] A olvks
ShAth Al 175 AAJE FALNA Holrt o el
IS grlste] 2 Frxide] # A 7 A Qe AE g)lste] A fHx
7F A3 ARSI (Figure 2). 1 F 4l HE AFRIE 5= AL o]F A4l 3645 A%
37700 AGEANE T3 Eukell 38kt ANE Fahe] Eutell AEetglor, AgEs o
2) Al 2 &t Fg Ao AAF AN E B
A FARGE A FARERS] Jd HEA SR FIe o+ AU (Table 3 and Figure 3).
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A

Male partner  Female partner ~ Amniotic cells

PCR product

261 bp
128 bp
RFLP-Hae Ill 86 bp
65 bp
Male partner Female partner Amniotic cells
CAGGTTGGCCGT CAGGTTGGC CAGGT TG GCCGT
100 140 150
Normal Affected Normal

Figure 2. The results of amniocentesis for osteogenesis imperfecta in case 1. Results of amniocentesis using the
restriction fragment length polymorphism (RFLP) with Haelll or direct sequencing analysis. (A) Detection of the
mutation in exon 37 of the COL1Al gene in the female partner. After Haelll restriction enzyme digestion, the PCR
products of the female partner (lane 3 and 4) were digested into 128-, 86- and 65 (and 63)-bp fragments, while the
products of the amniotic cells (lane 5 and 6) and normal male partner (lane 1 and 2) were completely digested into
86- and 65 (and 63)-bp fragments (the digested 27- and 20-bp fragments were not seen in the agarose gel). (B) Direct
sequencing of the PCR product spanning exon 37 demonstrates the presence of a normal homozygous C/C sequence
in the male partner and the amniotic cells (The blue arrows indicate normal C/C sequences).

Male partner Female partner Amniotic cells

TCCTGCTGG TCCCGC GG TCCTG T T T CTE G TCCCECCHG TOCTAT| |TCCTGCTGG TCCCGCEGG TCCTGT
20 90 a0 aj 101 a0 90

} } }

Normal Affected Normal
Figure 3. The results of amniocentesis for osteogenesis imperfecta in case 2. Direct sequencing of the PCR product

spanning exon 44 of the COL1A1 shows the presence of a heterozygous G-to-A transition in affected female partner
(red arrow). The normal male partner and amniotic cells were homozygous G/G (blue arrows).

-105 -



kd
fl

SZATFATE Wl VRS TGS type |
procollagen chain®] F-x% ZA3gto = W3, o]
23k procollagen chain 7+ Ak pro al chain}
3 2212 pro 02 chain®Z ©]F] A triple helix &
TAEo] 9lom, COL1ALZ} COL1A2 Wil o}
Al Y9 F G-X-Y unit®] BFEo] 2)&] pro-
collagen chain®] A& WA= 553 helix T3
£ 7HA "tk o] G-X-Y unit®] helix T-3E ©]F
+ul 7Fg 583k opr] ik glycine©] ™, glycine
o] ohd thE opmAbo 2 X|%ke] = 79 helix
o] Frxol| Agto] MAste] AAAQl TS ok
procollagen chain®] P EA| &=t} T3t v} s}
1}e] chaino] “g7dolet @2t H[ZA3%4 chaino] 7]
o] A= triple helixt= A4 02 17473421 helix
TZ2E 7HAA =M, A5, 0l o2 chain T 9
chain®] 5 alleles & 3F allele®] WHolo] o3 %=
HEH o= A== type I collagen triple helix2]
dell A7F A Agto] Yehte Zlow U
Jh? A F7A] Barg @ EddmolEo] o]zt
glycineol] 3E3sl= f1X]oll U&= EHolEolH
2 AFrellA Baisk F ALl GA] EF glycine©]

serine .2 X3 = EAWOlE 7HA AL AT
A7 = Z2Z4FAT Ao A5 Hdote]

F4HS 98k Rkt AR A Ee] FaE

stk oyl PAFATY diF-Eo] Arje F

de 7HAAL llemn, olFH A AnE S Tt

71 Zxpe] et QlojA 2gutE Hdsls A

T A Ag-oke tEA 2zl 9Fe] A

o

7] wiZoll, Raghunath o= §EHAEE A5k
collagen ¥ A EE autoradiography s &
W EAsHs ARPEE Adduel 485
3ttt 121} autoradiography ©]-&3F X
AAl LT FPAPAFAZT Al dofA= 2

7} W &etA| ol FARte] wiiel, Bt
g s flate] el oe] 74 o

RS MY

ol
o
&
I

av

<)

ShiA oZir
L et o E K

O} ot A4 A1 2| 8 3] A|
A& e Eo] =¥k Lynch 5%
Benuslene s+ COL1A1, COL1A2 +712F] poly-
morphic markersE ©]-8-%F linkage analysisE %13}
3lo] haplotypes 41319131, o] & °o]-83ke] W<l
EA%o] alleles T-Eshe WS APzl A
Eatd Abele ®aaklom™” Gomez §&
COL1A2 +%12+e] 640 A o} =4kl glycine©]
cysteine®. = X3 A2 H FdWolE i
& & o] ¥-9lo] g DNA hybridization *H-S
c2327G>T& 71 Z@BHAT SAfe] Abdxdd
o] Hezow 288t Nuytinck 5 type 1
collagen 342 A 5}A]7]% non-functional COL1A1L
allele= 1eHal7] ¢1ke] 5 7He] polymorphic mar-
kerE ©|-83}%] mutant allele?} normal alleleS -
HalaL, o] b zce] &3tk 0|9} 7

of we dApaEel od e FHH B4

i3
(¢}
g
ISR
<
g,
v
|
of
ok
)
2
i
lo
i
o)
o 1
b4
[
=L
)

we] Hgol sosigik
S F2ol = ARG TR o

ol FHAQl A gt ko] ThsatA
Rom, o AFAEY =How A= G
o F9E sAll 1=

W PCREY W77} 3= fluorescent PCR? L
2] 3 TAM|EZZHE 2] whole genome amplification
method®] ¥ © 2 <13k comparative genomic hybri-
dization (CGH)Y} array CGHS] %8% & @& 2z}
e FANY Fol 2 FAxde] A&

4= 21+ multiplex PCR, &

7 A A
wojdel we} 52 SFHAAFEI] W2 ADO rate
o] 271 Sgow A8 hed Akl Hert g
HQar, HEAH PO Q18 FAake] GalH,
FA4 FEpo sy gojd = U H9lvh
De Vos 52 49 $1940] 2 @A
& 7 e FOHIE tdew A 4
Zcke] AL H%2 Bk

o
o wo
>,
oX
ol
-~
>
-3

- 106 -



K353 M2%, 2008

B 2 AFlME =
PAFATE 7L de F }71] oz &
5 7719 2 RG-S Alske] 9lo] nested
Z12]31 direct sequencing WHS o]-&

ato] Jesiglon, A3 FadS s8]

ojxel ]l EWole] &<l 5014 primers®] il
kg g aEa 9 FAEellM ] SRAYTE
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