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Abstract

Objective; To find fragile X syndrome (FXS) in the children with
developmental delay or mental retardation with unknown cause in Rajanukul hospital.

Desjgn: Cross-sectional study; screening in 20 selected children from October
1998 to August 1999. Al patients were diagnosed by DNA testing.

Results: We found a FXS family, composing of two full mutation males from
sixteen famnilies (20 total subjects). The patient was 13 years old boy with moderate
mental retardation (IQ = 49). His bmﬁa was 10 years old with moderate mental
retardation (IQ = 39). They had elongated face, prominent ears and macro-orchidism.

Conclusions: Two FXS males were reported from our preliminary data. The

clinical manifestations were similar to previous reports.
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MIM notref, : Name Locus Description
806685 Wilson/MRXS6 Xp21.1-q22 Obesity, gynecnmastia, tapering fingers,
. ‘ . emotional lability '
(Abidi et al., 1988} " Abidi Xq12-q21 Short stature, smatl hoad, sloping
: : forehead, hearing loss
(Ahmad ot al, 1097} ‘¥pll3-q22 .  Obasity, hypogonadiam, tapered ﬁngen
{Aldred et al,, 1994) Aldred : Retinitis pigmentosa, microcephaly
(Armfield ot al., 1009] Armfleld Xa28 .. — ... Mameqphaly. glaucoma, cleft palato,
. . o e TR esea L 5 sgeizures, short stature, small hands and.
foat
[Atkin et al., 1986) Atkin-Flaite , “coarce” fue. short stature,
' macroorchidism
|Breslau-Siderius et Breslau-Siderius Xpl1.3-g21.3  Cleft lip and pulste, broad nasal tip, large
al., 1889} hands
[Carpenter ot aly 1095 Carpeuter Xp11.3-g23 Peculiar face, brachydoctyly, lhvrt stature .
(Chudley ot al., 1897] Chudley Xq21.2-q23 Prognathism, synophrys, hirgutism,
. selzures, nbnormul galt, and wnknm :
[Golabi. ot al., 1984 ‘Golabi-Ito-Hall Short stature, face, epicanthic folds, -
‘ miamphlly, brittle hair
{Hamael ot al.,, 1894) Hamel Cengenital heavt defect, cloft polate, short
- stature, facial anomalies
{Hulines et al., 1984] Holmes-Gang “Coarse” frce, epicanthic lolds, tletl nusal
i ) bridge, dental anomalies
[Hyde-Forstar et al., Hyde-Forster " Cranicfacial anomelier with plagiocephaiy,
1962] . flattenod aceiput
[Johneon ot al., 1298) Johnson Xql2-q21 Muoarocephaly, macroorchidism, midtace
hypoplasia, trisagular face
|[Kang ot al., 13921 Kang Microcephaly: dys/agenesia of corpus callosum;
hwdrocephalus; spasticity; short, broad hands;
. faciai snomalies
[Lubs ot al., 1999} Lubs Xa28 Hypertelorigm, short nose, selzures,
hearing loss, early demise, cardiomegaly
: at autopsy
[Pai et al., 1997]) Pai Ngz28 Epicanthus, high nasa} bridge, cmall
) mauth, selzurcs, carly demise
{Porteous et ai., 1992] Porteous Xplis-ql3 Short stature, high-pitched voice, high
4 ) lorehead, receding hairline
(Proud ot al,, 1982) Proud - Microcephaly, agenesis of corpus callusuny,
‘ . arthrogryposis, renal dysplasia, hypespadias
[Schwartz et al., 1999) Schwarte Xq28 8Stub thumbs, midface hypopiasia, ‘
unfolded helices, seizures,
I byperextensibie joluts {K&0S5]
(Seemanove and Ssemanova Microcephaly, microphtbalmia, growth
Lesny, 1896) retardation
[Sklower-Broois et al., Sklower-Brooks Poculur face, growth retardation, optic
1994; Morava et al., atrophy, spastic diplegis, atrophic
1986) . . y & hydrocephalus
[Stavenson et al, 1097)  Stevenson Xq12-q21.2 Hypotonla. areflexia, upmd fingers, *
IStoennldm Santos et al,, Stocco dos Santos Shnrt stature, hip quation precocious puberty
. 1991 .
{Stoll et al., 1891} Stall - Short stature, prominent forehead,
' hypertelorism, broad nasal tip, anteverted
r, .nares '
[Tariverdian et al., 1981]  Tariverdian Acromegaly, central nervous system anomalies,
macroorchidiam
[Vasques ot al., 1978) Vasquez v m, gynecomastia, lhoﬂ. stature,
obesity
[Vies et al., 1990] Vies Corpus callosum agenesis, spas
quadriparesis, irregular limng of lateral
' ventricles
[Wittwer et al., 1996] - Wittwer Square face; high, broad forehead; frontal
o ' bossing; hypartalorism; down-slanting
g = palpebral fissures;anteverted nures
!Yo;gzg]and Hughes, Young-Hughes Short stature, obesity, hypogonadism
1
[Zollino et al., 1092 Zollino Peculiar Tace, micrognathia, micropenis, failure

to thrive, hypotonia and scizures,
lisssncephaly, and agenesis of corpus
callosum; includes Berry-Kravis {Berry
Kravis and Israel, 1994]

J 1 1 4 1
AN 2 uerangueImIagAgwneant Ins TuToyend
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. Name Locus ' Description
*305400 Aarskog-Seott (FGDY) 11.21 Hypertelorism, short steture, down- nhnti.q
. _polpebral fissures, anteverted nostrils, stiawl
o acrotuan, joint hyperlaxity
804200 A%m " 18 Cutis verticis gyrat.a, thfay;:.ld nplm:mnml ‘
#301040 ATEX (XH2/XN Mimrhal:r " gunital o
' X Xal3 tal anomalies, a-thalassernia and HbH
' incluulonl in some; mdudu  Juberg- Marsid: .
e Fommmmnlehmion X202 O eohegiaciine, v ae caron
L '501900' = " Borjeson-Forssauan- n 26-y ism, ace, narrow -
palpebral fissures, epilapsy
801860 Branchial arch Short stature, down-slanting eyes, low-set oars,
wobbed neck, bighly arched palate .
. 308830 Canty' | Mlmphlly dwarfism, ke-atosis follicularis
. *808020 Christiar: . Xq27-q28 Skelstal dysplasis, VI nerve palsy -
300490 Chudley-Lowry Short stature, obesity, small gaitalia
#303600 Coflin-Lowry (RSE2) ‘Xp222-p221  “Coarse” ‘Iil'len. drumstick phulnngu lkdetal
‘ anomalies
#305000 Dyekeratosia congenita Xq28 Skin pigmentation, nail dystrophy, leulwplama
of ara! mucosa
*305450 FG Xql2-q21.3 Macrooephaly, agenesis of corpus callogum,
guu'olntennnal unomalies, dealnesa
*309650 Fragile X (FMRI) %q27.3 Macrocophaly, long face, long ears,
) ; macroorchidism
01690 Graham Anophthalmon, snkyloblepharon, srbical
@3 X ' underdevelopmaent
*302000 " Horeditary bullous dysfunction Xq27.3-q28 . Short stature, mlmphal,v. alopecia, bullous
. dystrophy, hypogenitalis
307010 Hydrocephalus with cerebellar Hydrocephalus, cerebellar nganasu absance of
' agencsis Magundio and Luschka's foramira
*308800 Lenz - Microphthalmis, thumh and skeletal wnomalies,
wogenital snd candiovasculor anomalios
*300520 Lujan-Fryns Marfancid habitus, trilnznhr face, narrow
) paiate, hypernasal voice
*309606 Miles/MRXS4 Xp21.1-q22 Microcephaly, siymmetric face, hypogonadisn,
: Jjolnt hypermaobility, 10 dlgxtal arches
*302350 Nance-Horan XP22 3-p21 1 Cataract, microcarnos, cons-shaped incisors,
00 - " Optia (YBUE WIIDI) ' | Hm'"mmmmwhmmmm | '
*300000 tiz 1)’
311300 Oto-puiato-digital XQBTT-qzs Short stature, hearing loss, clelt palate,
characteristic face
'msgi& [Gedeon et al.. Partington/MRXS1 Xp22.2-p223 Dyunhrh, dystonic hand movements, ataxia,
1 .
*304340 Patiigrew/MRXSE Xq26-927.1 Lonx. “courwa” faco; hydracephalus; hypotonia;
. , wpasticity; ataxin; seizures; {ron sccumulation
. of . . inhndpnzﬂn,l)mdy-\valhrmomly
. . 300055 PPM-X Xq28 Psychosis, pyn.mldal signs,
*309610 (Martines et ., Prieto/MRXS2 Xp21.1-pl1.3 Poeull.u- face, danul anomaliss, sacral dlmple.
Lo 1996] : joint dysplasia, epilepay
‘32195029[?]“\% et Renpenning | Xplld-pll2  Microcephaly, short stature
Ly 1
308200 Rud Xp22 Ichthycsis, epilepey, nysupnul. hypogonadism
314320 Say-Meyer * ) Triganocephaly, short sta
#312870- Simpson-Golabi-Behmel (GPC3)  Xg26 Macrosomis, “coarse” fue, polydactyly, extra
nipples, heart defects
809580 Smith-Fineman-Myera : Paculiar fm, microcephaly, short stature,
*308583 (Avrena et al., Snydsr-Robinson Xp22.2-p21.2 Mmphnly- , thin foce; high,
1996) n.lmwlcldt pI?ifta, asthenic body build;
*309470 Sutherland/MRXS3 Xpl1.3-q12 Mlcmeephnly short stature, small testes,
lpntic diplegis
309480 Tranehjaerg I Epilepsyy psariasis -
314390 VACTERL with hydrocephalus Vertabral, anal, trachao-eaophageal nnal and
. radial defects plus hydrocephalus
*314600 Van den Boach Choroideremis, acrokeratoais verrusiformis,
‘ anhydrosis, skeleta] deformities
311450 W syndrome Characteristic II‘l.ee. clefting, subluxed elbow,:
- * camptodactyly
308400 Warkany Intrauterine growth retardation, microcephaly

o ' ' a1 :
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eefin@n 260 110 TuTsamennanevauniung faus n.0.2534-2539 wudile 7 5
Anthudovaz 2.7"

wiwsauasaazomill nazse FmsAnndthondudiming me
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vautosfaguusannld (mild to profound mental retardation) §IMINMIWLLWNG
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Alheeeilumbunvem yinguazaie Rruzdnozngiuazmety fagalii 2
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uoz 3 Taeinfiguirandhanleddieusaifin tasszGulimsnifouauiteGudhie

winla

- Sz Ing) wundszinmdesar 10 veadiheluiudnuadudrgJonTgwuges
- W " a - Y o
wuie¥evaz 90 msiikolronis1y orchidometry (n3eaiioiavinavesdans) Ja
) [ 1 L) ] 2
tazoufuvIen eIy nieninmsfinoulaeldges

PSumsdunme =  70/6 x ANuOY x AN 2

o =y Ay ) J A ] o
AnNuENIINTIMMLLAa®euY hile sty

- nodnssuegliils (hyperactivity) HAEWOANISULLLOORARN (autistic -like

| 4 ¥
‘behavior) tu Taioruma (poor eye contact) TuniIOd19 (hand flapping) H"}B‘Qﬂ‘ff.'l"] i

Hoanmumny §anLaAREAn (perseverative speech) Hudy

- Anusizduafilisumizudnuiangre 2 manihnuuIfige (high
arched palate), YoRonzgnlinIMdangugs (hyperextensible joint)Intimmedeiia
ile, umeiiednunufvutu@oruudhile (transverse palmar crease or simian
crease), (MMUM (flat feet) Mawiamonunsilsevduannniing wunnedule
Tundaila'hindin (mitral valve prolapse) ldfeenas 5 * uaznuTsnausniddovas
20 Sy ldAaudszozniana >
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P » - Y, 1 v
msaf 4 dnvazAnundimuludihovengueinsTns TuTaendulsg

Aonaenindin ssuzfouiofuy Yojuunsdng
wihem 64 80
KON 78 66
Soihiledneelduminnining 81 49
matnge, 51 63
ks | | 82 60
dounyivg 54 92

4 - 2
*yniivnadand 3 va. Yu'ly

Hagerman 1996

$19NY

Rumadilinaugn 1:1,250 Tudwe uae 1: 2,500 Tududjs’ udluilegiums
fimnTasmsnsae@iduwe wuilinawgn 1: 3,0004,000 Tudso uae 1: 5,000-6,000
Wfnda’® |

nudsznadesay 118 lunsilygndeurionm wudosny 40-50 Tumie
flggrdeu ARdszianseuniada Syl YO ISOUHATIAUUY LN WYNBANIY
TrsTuTasuiend’ (X-linked mental retardation) Tt luifleumgdy uazdovas 80 lumy
lygneouszaupuusaiiildany Tade 2

MISIENOAMIRUgNTTveR TsATIEIYY X- linked dominant ) incomplete

»
M3 wudiheldnanmsuasvde uddudezliornsquusaiosni

penetrance
tlosnindudellTns TuTannend 2 wi Suvienileiuiidndnd Snuvianilethinadsd
msedraTdsiuvedduil g unufaned Tns TuTaendifios 1 wie dlefBufinelnd

2rneeInIveslsn wud fnvwnaaieinisvelsnlszinadovas 80 Tuvasd

ArndainaseimsvesTsnoedovas 35 * Fronifiunme Ae'hifoimsuddionen
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TnsTuTanuend#iReinAludagnar1aFunds normal transmitting male (NTM) **néja

A 1 - & ]
fidlunmzfovar so wsnuiinnunsemnrailyg luszduilygeeuniméu

»
- wiellygndoudumsziudndentiuduly Snfeuns so Hssdummiliygniniud

fiflgmiudmumsFou uasmns?

1 . ‘
NUNAVOINNUAAUNANAVINMISAUNAT (mutation) ¥hiaIMUBUNT tri-
nucleotide repeat expansion Aofimsdfuues nucleotide WA 3 #2 WA AU ¥
Woubineda dawy1dlumarolsn ngueIns 1ns TuToendtls iy (fragile X
syndrome), Huntington disease, myotonic dystrophy, Friedreich's ataxia, spinal and
bulbar muscular atrophy, 82 spinocerebellar ataxia type 1 Hudu émﬂ'hﬂﬁmm
AnnAvesssunyssomedaunas unzmsdwnammTsnmﬁ*uf‘fe:ﬂﬂnngmsnf
(phenomenon of anticipation) fieile Traduiiululumanesaqy wwudihofumng
a1nm‘|"~uwimqﬁaum uazATIgUUsIvea TsneznTY ANUFUUTUIDSNITNIENOA
vosTanTiunneesnTufuS M IUYES tri-nucleotide R

¥
» ) [ 1 I a ] A
tmiunquerms InsTulwuendissil wuhganlnzegiwmisit 27.3 yy

twneves s TuTmnens (Xq27.3) #4i) tri-nucleotide ¥iin CGG(cytosine-guanine-

guanine) ‘ﬁyﬁuﬁﬁ'ﬂmﬁi 5' untranslated region Y99 exon 1 Y04EU FMR 1 (fragile X
mental retardation -1) ARUNA (MiBuil Wil a.x. 1991 wie W.1.2534) tunuiin@vesl
$moudh 654 gidhiwme (premutation) vesTsaieefiinimuddoud 55-200
é unzdfiidhiTsn (fall mutation) sifuausunnnd 200 g7 122
ﬂnﬁ?mﬁ"'nzmuqun1:ﬂ%’141ﬂsﬁuﬁﬁuni1 FMRP (fragile X mental retardation

1 J 1 -5
protein) u# lunuiliiu Tsnszwudiil methylation V319W Cytosine phosphodiester

=i .lﬂ ‘y [ ] -
~ Guanine (CpG island) Y1 1o lied 19 Tus@uil * &4 methylation 1 aiwylunwlng |

»

[ ar L} "o L ] 4 | -
uezstuwme anudiguesTusAudldshinsunida udinsRmdetunmsiam
vesszuudsyam !

1 J * v A ]
Tuimnlszmaldlimsdszquindunisilygdeu fidomeanmalasTuTawy

¥ ¥ »
tengdunznguerns Ins TuTaendulsiznaionss nisde Aondsdt 8 Saduidle 16-
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4 - ' .
22 Tavman nat, 2540 fieoun3Te Yszmeumnn Sanufuhlaonunguetms

] o ol o 1 al ¥ ’
i (new syndromes) Mihvadestunnisilyapseudidiomeanalns Tulawend *

4 & 4 - P . [y
“uazTusAu FMR 1 Sadteiudilinseduiiasesdssam (synapses) tagsuiudmiy

muSguazmsyiuudenesdszemdmuluimnmsinavesnues 22
01353191y
ﬁ'ﬂwnnswﬁﬁﬂtgtmdauTﬂu‘himmmmqTnummzadwi}mﬂuma niell

Uszinnseuniafilgenseunmenulashinsurumg lumndafifiunonnn

niasfuensuiesimsumamundiin demdulfinzdonfiodimiromaes

Uitiams udnlés wadiugmond cytogenetics) msBoasndiiniiony1aviia

Bulrden luems@ouradilinTiion (folate) wieimsdruTniandssny

Ty TuTeuendilgauisiidumis Xq27.3 é«msﬁanszﬂsTuquuTm"iiumsgm

Wrmnsoumadiifuganlse1d FostndesvaTaonmelumsamommme

fioudageorn Mnawnn uarlineaunienauandaeunoudrege iileannluszes

usamsasdoganinzuulnsTulsmendezasaefidumis xq27.3 Bond FRAXA
mazihuganlnzdumissnfivuu Tns Ty Tenend Nuiegiufigalseduu

Tns TuTouenddalndifosfy FRAXA Ao FRAXD (xq27.2), FRAXE (xq28) U0

FRAXF (xq28)* ]

Tuilogiiu 3‘5‘131mg1u1un1ﬁﬁ96’u'[1m‘fﬁa N15ATI9ABUI (DNA) TaensI
Wi es 0GG #2633 polymerase chain reaction (PCR) #az143%ns219R10ue
Taoassit bifimmRus wannuy PCR Arugiuieue fie southem blot analysis (OO
fu full mutation unzflesfuranuraeunaznauImlaousingalsdumisBuyy
TnsTuTanenddsnd1a aunsoasrammive uasdaelumsiitedeunnen’ld *

' 3% southern blot 14/ restriction enzyme EcoRI LI0& Eagl (methylation sensitive)
tHegmsienvesdy msrztugthofil methylation ABOVTIUCDG island Yo By
FMR -1 ‘higndinde Eagl #clumulndunswms svqodndooulsdi Taodn
Tﬂﬂu'(wmnefﬁ active 1At mvesABuie #1617 2.8 kb (kilobase) ¥



i6

o4 BooRI sxdinfitduiovesTns Tulsuiendvoanauft insctive 14evvess
A o .
1B 5.2 kb 1i{01$EnNY94 southern blot oz hybridization A2t StB12.3 probe 9¥

MuvyveieniBuedrefulumulnduazwineaugld 4 was s Tnoludanornd

250y (band) veaTns TuTsufive 110w Ao 2.8 kb Tugndgandoe 2 uouis 2.8
kb 1In Tns Tu Tansendi setive UAY 5.3 kb 910 Tas TuTanuend inactive fawly
Hney (premutat:on) wkum 2 UOVIAIAYYDY 2.8 kb n“'lmymmnmmmmmmu
$naudves CGG (CGG expansion) $1unnnn Tugiulsn (full mutation) dou
UBIAIBUIBIEYNAARIY EcoRI éthuvesdiBuieffinnalngnd 52 kb tintngjnds
6 kb Tignuaziiurarovuin *

lumsasensesidihonolammasiios 8sumarsiiduety Hagerman
wavaus® Idswaniluiine, 2534 irusuuuyszaidinged 13 #ade swdnwaene
ffNmuua:wqﬁnssummwoqmjnmnm‘f éqiau’lumsﬁumunz‘iﬁﬁﬁuﬁﬂwhu
mslinziuula 0, 1 vie 2 asuun dmsudnuzdindnh Tiny, Tisaen uie
nuFaou uERY wasnuhnsuine MY 16 SRwduRuERuns
asawnuduiiunguerms TnsTuTmnendulsnzdoons 45 waswuimsuuuduinnit
wioniiy 19 SanudiuiiumsasrmuiniiunguernsTns Ty Taendilse
founy 60 AdAY

wimsauasaz 1dviinsfinu Taolduvurssdiuged 7 vade 18us
. ssaunallygmewmuins

fam—y

2. dszianannmsdmTodlagndoulunseunts
. lumlunuen

3

4. yrlng)
5. B og hifis
6

. WOANTSUUBLBORERN

=

dauneIng)

Tﬂo‘lﬁnzuuu 0,1 #30 2 AxunMuRY wurhlunisansiuuauuulsediuiige
'lmrum'.im"'lﬁ’mmmﬁmnanuu ffianzivuamLULYBIRTHSAUATANE (Bade
faug) mumﬂnu'mun'lum'ﬁ'am'an.,muum.,m{l'a‘lmmnu [ QAT 2FH +
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F+0.5E + 2AH + T Taelinvuuusiy 13 azuuu wuhdnzuuuinnnti 4 3wl o

»
wuhlinomty (sensitivity) umswuduilulsail 100% UAEHAMUIRWIZINIE 9

(specificity) 78.7% )

[ o o 4
w

Togiulagfunsiminmsdssgueninnsiugmanslummigonsarh
Tumnlszdiudihotigendeuiu msasenseamidihe ngueimsins Tulauend
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Tygnéeumwmaniving wie TinSouifitymmsdou Sudy lwsalszmed

- w0 - [v) ) . ol
- TWNUMIILIRNeUNAsA IAuMIATI9GifuAUYila monocional antibody luiwad

A | . X N "o '
1R nmsfnduiitesn (chorionic villi sampling) Fadavh udiwiwnniovnados
semisfinuise 1 “

b ]
mitieeneunaen tullogiuii laon1snieas1ningy (amniocentesis) %o -

¥
-

Furifesn (chorionio villi sampling) ¥IR319MINMVARUNAYL IAIBUIE 2254

u‘faw1n'lsﬂﬁv1i'lummqﬁ1ﬁ'tquqi1tym'm'ou‘luﬁmaﬁ'hiﬂmnmunzdwma
Tamaiugnssu mns1msdtedolsnil 14 imsiswushynymeiuy
mans nIanvMnziazmsitetodeunaon wiwflesiumsifinnnsygnseu
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li'iawué'ﬂ'w'[mi’:’ wdvslimsfounsrmtnionugyseia (pedigree) (e
mumi‘mﬁiu'lyﬂsauﬂs"'mmf«yﬁﬁﬁaqﬁawt'i’luw'mzﬂ?a'(snﬂy
My |

Gl Fm dalugiiflumsiav Tsanuniofinusaudae NSAIVAY
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Trion wodiahitniveu GedosiinisAnuuitniuge 'y 244
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a57) ilumese 18 au vemds 2 Ay mqifqmi 11 2 @Wou fla 521l
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