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Molecular diagnosis of fragile X syndrome in a female child
Seon-Yong Jeong, Jeong-A Yang and Hyon J. Kim

Department of Medical Genetics, School of Medicine, Ajou University, Suwon, Korea

Purpose : Fragile X syndrome (FXS) is the most common heritable cause of cognitive impairment. FXS
1s caused by hyperexpansion and hypermethylation of a polymorphic CGG trinucleotide repeat in the 5’
untranslated region of the fragile X mental retadation-1(FMR1) gene. Combination of Southern blotting
and simple polymerase chain reaction(PCR) amplification of the FMRI repeat region is commonly used
for diagnosis in females. To give a definite diagnosis in a female child suspected of having FXS, we
carried out the molecular diagnostic test for FXS using the recently developed Abbott Molecular Fragile
X PCR Kit.

Methods : The PCR amplification of the FMRI repeat region was performed using the Abbott Mdecular
Fragile X PCR Kit. The amplified products were analyzed by size-separate analysis on 1.5% agarose
gels and by DNA fragment analysis using Gene scan.

Results : Agarose gel and Gene scan analyses of PCR products of the FMRI1 repeat region showed that
the patient had two heterozygous alleles with a normal 30 repeats and full mutation of >200 repeats
whereas her mother had two heterozygous alleles with the normal 30 repeats and premutation of 108
repeats, suggesting that the premutation of 108 repeats in her mother may have led to the full mutation
of >200 repeats in the patient.

Conclusion : We diagnosed FXS in a female patient using a simplified molecular diagnostic test. This
commercially available diagnostic test for FXS, based on PCR, may be a suitable alternative or com-
plement method to Southern blot analysis and PCR analysis and/or methylation specific(MS)-PCR
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Fig. 1. Karyotypes of the patient with fragile X syndrome. G-
banding result shows the mosaicism of two cell types with
normal karyotype (46,XX) (A) and abnormal karyotype, X chro-
mosome breakage (46,XX,0?27,3) (B). An arrow indicates the
derivative chromosome.
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(1) Master mixture solution
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PCR AHZ 20 ul FollA 5 uLE 15% agarose gell
loadingsle] 407t 1719 %S Aldstdct 1719 - gel
< etidium bromided] 925}e] band Y-S A sHATh

.\

Agarose geloll A 6403] o)) CGG ¥HE-& HE8 4= Qi

4) Gene scan ¥*

FMR1 #x#te] 5" vlaf5i-9lo] =48t CGG 3971
Mol Jegh wiEaE gelstr] $18ko] PCR AHe=& Gene
scano.Z #4131t PCR 4HE 2 uL} Abbott Molecular
Fragile X PCR Kitoll ¥3}% 921+ Cleanup enzyme mix 3
ULE &3k & 75Tl A 1027F ¥H-gA 7T} o] Bh-g=&
ABI 3100 genetic analyzer(Applied Biosystems, CA,
US.A)olA 243 & Genemapper(Ver. 4.0) 27135
ALE-3F PCR AHE2] DNA fragment Z7]9] s4]S E35}¢]
FMRI A% CGG RHEE ZAA g} w3 FMRI 4
Z}o] CGG allele®] heterozygous®!#] homozygousSI A& &
Q18}7] 918}e] TR/X ratio(triplet repeat/X chromosome
ratio)®] #< T3tk TR/X ratiox Gene scanoll A 224 %
Triplet repeat peak heightE X chromosome peak height=
U Ftoltk o] TR/X ratio’} >1.09] 7%= homozygous,
<0.85¢] 79+t heterozygous, 0.85-1.09] A9+ =9E
(grey zone) 2.2 A sIT}

A ARl A X FAA ko] deko] FlEo] ok
5 AAANE 71 69412 oJolE s}
e Algskth Abbott
Molecular Fragile X PCR Kitoll Z38t=o] = Al oFS AE
stol FMR1 frd#ke] 57 vlafj=4-2]ol 2= CGG 3971 v
& 9495 PCRZ FE3th PCR AHES 15% agarose
gelol A #7995 3te] PCR band® =715 &<l o (Fig.
2A). #x}9] 7§ normal alleledl] 31¥-3H= PCR band<} H
Ho] 200 wFE-o] Aol full mutation = YEFE= 2,000 bp
ol -l A smear’t HEHJT EFH A Ao® AL
€3} full mutations 7} fragile X 3 WA}t Skxjo A =
2,000 bpold F-HolA smearE Fo1gh 4= ATt whEhA,
3-2}1= normal FMRI1 allele?} full mutation®] FMR1 allele
= 7HA AL Sl Aol WKtk Sate] ojmu e} dx2dF
o7 A3 premutations 7FR oJx} HAA}o| A pre-
mutation®l 3]33l= PCR band’} A&E Ao, Ao of
WAl A = normal allele®] a33k= 3 712 PCR band®t

CGG WHE5 E4517] fl8te], PCR 42h=& Gene
© = DNA fragment 415 A 335 tH(Fig. 2B).
312}9] o} ] = normal allele?] CGG 39 7] ¥Hg-4=7} 309]
gom oMU normal allele 30093 premutation
allele 108°| it} gxFe] -9 agarose gel oA smear
2 Yehd full mutation B gk CGG WHr5 291 &
§171 wlizel] >200 &2 YEFH S ™ normal alleles CGG 3
@71 RHES7E 3001tk o #ke] ¢ 5 7§ FMRI allele
o] heterozygous¢l#] homozygous¢l A& &eld + =
TR/X ratios 783ttt 24 ojw ] TR/X ratios=
277y 063 0572 F W EF F/09 FMRI allele©]
heterozygous?! 21& & 4 Atk

Fig. 2Coll Yebdl &2t 71529 7HA =2 7-H (Fig. 2), o™
e 10839 premutation alleleo] Aol Al &A= HA
>2003] 2] full mutation allele® CGG WH5=7} 274 SZ%
& 5 ATt o3t AF= FMRI +34ke] CGG 3
HkE-o] A% (expansion) Th Aldlel] dgd w o
= ’dynamic mutation’©]gH= o] Aol B35 7 17e} o

o]
o A71el Ads skl S5 AAAAE 7H] 6.94)

o

o m@ W
N
i,

ot



44 HEME - 2Ol UsF

. C
62'+
O
|
Full mutation "
P
Premutation @  Fragile X syndrome
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() - Female carrier
L] ]Normal
“+Chr. X
“Chr. Y
Repeat number TRIX Mutation
Sample Sex .
Allele 1 Allele 2 ratio type

Father male 20 - Mormal
Mother female 98 30 057 Premutation
Fatient female =200 30 0.6 Full mutation
Index 1 male =200 - Full mutation
Index 2 female 108 44 027 Premutation

Fig. 2. Detection of the type and number of CGG expansions of the FMR1 alleles
in the patient with fragile X syndrome and her parents. A, Agarse gel analysis of the
PCR products of the FMR1 repeat region. The size of PCR bands gives information
as to the type of CGG expansions, and whether the genotype is normal, permutation,
or full mutation. The PCR bands (one or two) at the bottom of the gel indicate the
PCR amplification of genes in the X and Y chromosomes with gender primers. Index
1 and Index 2 represent the positive controls of a male patient with a full mutation
allele and a female carrier with a premutation allele, respectively. Arrows in the lanes
of Patient and Index 1 indicate smeared full mutations. B, Gene scan analysis of the
PCR products of the FMR1 repeat region. The repeat number of each allele and RT/X
ratios are shown. C, Pedigree of the patient’s family. The pedigree shows inheritance
of the expanded allele (108 repeats) by the daughter (200 repeats) from her
mother, indicating dynamic transmission of the FMR1 CGG repeat.
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