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Table 1. Age and sex distribution of autistic patients

Age(months) Sex Total
Male Female

0- 36 5 1 6
37— 72 18 4 22
73-108 27 3 30
109—144 17 3 20
145—180 7 3 10
181— 9 2 11
Total 83 16 99

2) FMR-1 SHMXI2 CGG HHEMY H29l9| PCR

FMR-1 000 CGG UODODD DOD OO0 Fig.
1000 OO0 sense primer(5 —CGG TGA CGG
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primer(5 —CTT CTC TTC AGC CCT GCT AGC
GCC G-3)0J 0000 000 00O 00O0oOd PCR
0O 00 0OO0OO0.50p 10 PCROOOO 50mM KCl,
100mM Tris—HCI(pH 9.0), 1% Triton X—100, 1.5
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O antisense primer, 2.50 00 Gold Taq DNA po—
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0 00000 2MO 00 00000, PCRO OO
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purification buffer 100p IO 1miO resind 1.5 ml
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Fig. 1. Schematic representation of FMR-1 gene FMR-1 probes used for diagnostic Southern blot and PCR primers
site used for amplification CGG repeat sequence. The EcoRI fragment in normal is 5.2kb in length. The
circle represents the promotor region, and the box represents the first exon with the dark region, showing
the location of the CGG repeats. Four major classes of probes and the location of the restriction enzyme
site sequences of the PCR primers are shown(Qostra et al.'él, 1993).

Ing 10pg 3pg Tpg
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Control
DNA

Fig. 2. Control assay of digoxigenin labeled StB12.3. The digoxigenin labeled StB12.3 probe DNA & control DNA
were serially diluted and blotted on nylon membrane which were detected by immunological method as
discussed in Materials and Methods. StB12.3 probe shown positive signal on X-ray film at DNA 1 pg con-
cenfration level.
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tcccageggg

8cggcegcss
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catcttcgcc
ccctcttecc
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¢« primer Pfxa3.2

CgBCeeceec 8gcregeeecs
gggcgggcte ccggegetag

primer Pfxa3.1—
cggggctcca atggcgcttt
cttccttccc tcccttttet
gagcaccgcg cctgggtgec
gacttgggge ctgttggaag
gagagaccag cgaggagagg
atgggcgagg gccggeggea
gtgacggcga tggcttattc
gtcgtgtggg tagttgtgga

1 2
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Fig. 3. Pfxa3 probes, amplified by PCR, used for diagnostic Southern blot. A : Partial Sequence of FMR-1 gene
containing the Pfxa3 probe site. The localization of PCR primers(Pfxa3.1 and Pfxa3.2) are shown by solid
line below. B : Amplification of Pfxa3 probe by PCR using Pfxa3.1 and Pfxa3.2 primers. PCR condition was
described in Materials and Methods. The PCR products size was 462bp in length. SM : size marker.
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Fig. 4. Control assay of digoxigenin labeled of Pfxa3. The digoxigenin labeled Pfxa3 probe DNA & control DNA
were serially diluted and blotted on nylon membrane which were detected by immunological method as
discussed in materials and methods. Pfxa3 probe shown positive signal on X-ray fiim at 1 pg DNA concen-

fration level.
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0000 oooooo, nylon membraned washing
buffer(Roche random prime starter kit, 0 0)0 10
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0000, 150250000 Hyper film ECL(Amer—
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000 EcoRI 0000 OOOO Fig. 20 genomic
sequence]l OO0O0O Pfxa3.1(5' —CGT AGC ATG
CCC CGG ATC CCG TGG GAG ATG ATG-3')0
Pfx3.2(5' —GCC TAA GCT TCG GCG CTA GCA
GGG CTG AAG AGA-3') primer OO OOOO O
00 OO 0000 PCRO OO OOOOO. 50u 10
PCR OOOO 50mM KCL, 100mM Tris—HCI(pH
9.0), 1% Triton X—100, 1.5mM MgCl,, 0 0.32mM
0 dNTPs, 0.1y MO sensel] antisense OO0, 25
OO0 AmpliTag DNA polymerase(Roched, 00)
0O 50ngd OO DNAO OO OOO.
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0, O00) thermocyclerd O predenaturationd 940
OO0 3000 0000, 94000 20000 denatu—
ration, 550 00 40000 annealing, 72000 600
O elongationd 0 OO0 400 OOO OO poste—
longationd 72000 500 OOOOO.O0O00OO 10
pld OO0 0.5p o/mid ethidium bromided OO
O 1.5% agarose geld0 00000 OO 462bp O
00 PCR productd O0O00O0O(Fig. 3—B). Pfxa3
probe digoxigenin 0O 0O OO, control assay(]
StB12.3probel 000 OOOO O0O00OOO(Fig. 4).
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200bp—

Code NO 1

23 456 7 8910111213141516 1718 1920 21222324

Fig. 5. Agarose gel electrophoresis of PCR amplification of CGG repeat polymorphism at FMR-1 gene on chromo-
some Xg27.3 in autistic patients. The observed PCR products sizes(or numbers of CGG repeats) in autistic
patients were 190—265(27—-52). PCR reaction was carried out using sense and anti-sense primers as described
in materials and methods. PCR products were visualized on 1.5% agarose gel. SM ; size marker.
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Fig. 6. Polyacrylamide gel electrophoresis of PCR amplification of CGG repeat polymorphism at FMR-1 gene on
chromosome Xg27.3 in autistic patient. The size of PCR products(or numbers of CGG repeats) in autistic
patients was estimated by control DNAs(A, B, and C)which were 208(33), 199(30), and 184(25) in length
(or numbers of CGG repeats), respectively. The observed PCR products sizes(or numbers of CGG repeats)
in autistic patients were 190—265(27—-52). PCR reactions were carried out by the Method described in Fig. 5.
After PCR, the products were resolved using 6% native polyacrylamide gel electrophoresis. The bands were

visualized by silver staining.

Table 2. The product size of base pair and CGG repeats in autistic patients and normal control group

Autistic patients

Normal control

Male Female Total Male Female ) Total p?
(n083) (hoi1e) P (n099) (n04)  (nO4) P (n0 8)
. 206.12  206.82 206.24  211.25 21250 211.88
PCR product size (bp) 0.830 0.880 0.207
+13.00 +£7.60 £1220 +£13.10 £8.70 +10.30
32.02 31.96 32.01 34.08 34.50 34.29
CGG repeats 0.878 0.130
+ 4.40 + 2.60 410 £ 440 + 290 + 3.50

p' : p value between autistic male patients and autistic female patients
p? : p value between normal male controls and normal female controls
p3 : p value between fotal autistic patients and total normal controls

bp0 00O 30repeatsl] 00000 OO0 0000 O
00 00 0000 0000 32.01t 4.10repeats O
000 OO 000 32.02+ 4.40repeats, 00 OO0
31.96+ 2.60repeats] JOOO. DOOOO0O 34.29
+ 350repeats 0000 OOO0O OO OO0 OO
000 0000 00000 000 Oooo ooog
(Table 2).

0000 OO0 O PCR OO bandd OOOO O
O 000 000 000 130 (B2repeats), 110 (51
repeats) 000 O0OO0OO0O0O PCR OO bandD

O

OO0 00O 90 O O 1100 OOOO Southern
blot hybridizationl OO0 OO 110 00O 5.2kb0O
O 00 bandD OOOOOO, PCROOO OOOO
OO0 00000 140, 250 OO0 OO repeatsd
OO0 OO OOOO ODODO ooDoDO OO0 bandd O
O O00O0O. Southern blot hybridizationd OO0 OO
000 000000 000 O 00 ooo o oo
oood (Fig. 7).

0000 0000 ooooo ooo goog fr-
agile X 0000 OO OO OODOOOO OOOO O
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Case no 7 8 11 10 11

Fig. 7. The results of Southern blot analysis with EcoRI and StB12.3. All cases mentioned above were screened by
PCR of CGG repeat sequence described in Figure 5 and 6, except case number 11 and 13, which were 51 and
52 CGG repeats belongs in premutation range, were normal CGG repeats range. SM : PBR 322/Hindlll digest.
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Fig. 8. G-banded Metaphase(A) and Karyotype(B) of
autistic patient(case number 31). Karyotype of
autistic male patient(case number 31) was
normal 46, XY. Peripheral blood lymphocyte
culture and G-banding methods for detection
of fragile-X site were discussed in Materials and
Methods.

0 0000 0000 0000 0000 000 00
00 00 000 00000 (Fig. 8—A, B).
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00000 000 000 00 00 000 000
0 000 000 00000 000 000 0000
0 000 000 0000 00 00 000 0000
007, 0oooo fragle X 0000 OO0 OO0
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000 oDooo oo™,

0 00000 9900 0000 0000 800 O
00000 0000 00 PCRO OO 0OOO0.0 O
0 000 OO0 000 000 OO0 000 00 0
0 0000 000 000 000.00000 00 0
000 000000 000 0000 00 000 00
00 0000 000 000 000.000 O PCR
00 bandd OO0OOO0O0 OOOO OO0 OO0 O
00 000 1100 0000 Southern blot hybri—
dizationd OO0 OO OO0 OO0 000 00000
0, 000000 00000 0000 0000 00
bandd O O OOO. Southern blot hybridization O
0 00000 000000 000 O 00 000 O
00 000.000 000000 0000 000 O
000 00 000 00000 fragile X 0000 O
OO0 ooo.
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00 FMR-1 0000 500 CGG 00000 OO
00 00 0000 DNA markerd 00000, OO
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0 000 methotrexate/thymidine 0O methotre—
Xate/bromodeoxyuridined 00000 OO0 OO
O 000 OO00 Xg27.30 fragile site 00O O
000 0000®. 0 000 00000 000 00
00000 0000 00 D00, 000 00 00
0000 00 0000 0000 0000 00 00
0 000 OO0, 0000 00 0000 5% 000
fragile site0 000 OO0 OOOO OO0 O O O
0%¥g Qoo 00O0. 00 000000 000

00 DOOO0 thymidined OOO OO0 OO OO
00 fragile X(Xq27.3) 0000 0000 000 O
Ub00 00 Oooog 20580% 000 oooo d
00 OO0 04, fragile X OO0OO0 OO O0O0OO
00000 fragile X 0OO0O0 ODOOO O0OO OO
oo oobodob ooob bobo. obooo oo
00 00000 000 fragile X 0000 2 00
U 200 000 OO0O0O Oboob odog Xgz27.3
000 fragile site 0000 OO0 O0O0O0 OO 38%
0 16%000.

00 fragile X OOODO OO0 0000 OOO OOO
00 OO RFLP(restriction fragment length poly—
morphism) DNA markerd OOOO linkage ana—
lysisD 00000 00 ODO0O0O0O0OO OO0 OO0
0. Verkerk 020 Yu 0*P0 fragile X 0000 O
ubd RMR-1 0000 OUOOO O OOboOo 50
CGG repeats] 0000 OO0 OO0 OOOOO
U0 Oobd.do0 oboo oooo ooo o bood
000 000 0000 0000 000 (phenotype)
0 0O0O0O(genotype)d OO0OO0 00000 OO
O 000 000 O0d. Fragile X 0000 95% OO0
0 FMR-10000 500 CGG repeats] 00O O
b o0 000 oobo boob oboo oo oo
000 000 000 0 0 00%. Fragile X 000
U 000dd AMR-1 0000 500 CGG repeats
0 0000 CpGislandd OO0OO0 OOOO FMR-1
0000 0000 (down regulation)Cd OO0 OO
oo oo®.

00 00 fragile X OOO0O OO ODOOOOO O
Ubd 0obodo bobo oboobob oo oo oo
0000 000 0O0bo bob Oob oo boo o
O000. Hallmayer O =)0 multiplex autismd OO0
00 0000 350000 ooog og 7e00 O
OO0 Southern blot analysis 000 FMR-1 0
Ubd 0obodo bobo oo obobo oobo oo
0 00000. Klauck 00 14100 000 OO
b obdoo oo oodgb ooobog AMR-1
00000 oooo 0bo oooo Oob ogo od
00 00 OO0 00000.00 0000 ooo®
O 0000 00O ee00 OODODO fragile X OODODO
0 0000 000 OOoo oobooo oog od

o1ag



0000 00000 000 O 0 0000 00 00
00 000 000000 0000 000 ooo**
0 000 0000 000000 000 000 00
00 0000 0o0O.

000 000 000 0000 0000 fragile X
0000 00 000 00 00000 0000 00
fragile X 0000 00000 0O0O0 00O O

00000 00®®g nooooo o000 ooo.

00000 fragile X 0000 0000 OO0 OO0
00 0000 0000 000 000 000000
00 000 OO0 000 00 000 0000.0
0 0000 00,00 000 000 00 0000
00 00000 0000 0000 00000, 00
000000 0000 000 000 0000 00
0000 fragile X 0000 OO0 O 0DOO0O OO
00 0000 000 00 000 0000 000 O
00 00000 0O 0 00 000.0 000000
0000 000 fragile X 000 000 0000 O
000 0DO00. 00, 0000 00 0000 000
MTXO 0000 000 000 00000 000 O
0 000 000 00 O 0O0. Crowe 00 200
0 0000 D000 DNA probed OOO0 00O
00 200 0000 00000 00 200 100 0
000 0000 0000 15000 0000 000
0 0000 O 000 0000 00000 00 00
0 0000 000 00 000 0000 000.0
0,00 000 0D00O000 00000 00 000
00 000 00 0O00*. 000 00000 000
00 OO0 000 00 0000 D000 fragile X
0000 0O 00 00000*. 0o 00 00 0o
000 00000 0000 00 00,000 000
00 OO0 fragile X 0000 00 000 0000
00 0ooo.

0 000 0000 0000 0000 000000
0000 FMR-1 0000 CGG OO0 OO0 OO
0000 00 00 000 000 0000 fragile X
0000 0000 0000 00 00000 fragile
X 00000 000 0000 00 0000 000
O fragile X 0000 00000 0000 0OOO
0 0000 000 00 000. 000 000000
0000 0 00000 000 000 000000

000 0000 000 Crowe 00 00O 00O
200 O 2000 0000 00000, Hallmayer 09,
Klauck 0, 000%0 0DOOOO O 2860 OO
fragile X0 000 OOOO0 OO0 O 000 00O
0 00000 O 0 000.00 000000 fra-
gle X 00000 OO 0000 00000 OOO
00000 00 000 0000 000 O 0 000.
0 000000 00 0000 000 00000 O
0 00000 fragile X 0000 000 1.306.0%
0 D000 000, gpoo 000”0 000
0 0000 0000 000 0000 Southern blot
hybridizationD 0000 1.0%0 fragile X OO0O0O
0000 00000.000 000 000 00 00
00 000 6.3013.6%00 fragile X 0000 OO
00 O0Ooo0o oo®.

000 000 00000 FMR-1 00000 OO0
000 000 000 0o 000 000000
000 00 0000 0000 fragile X 0000
000 O D000 0000 00003 gg
00000 00000 OO0 OO000 0000 OO0
000 OOO0O 00000 00 000 monogenic)
0O 000 00 0000 OO0 0000 (polygenic)
0000 000 00 0 0000 000 000 00
O 00 (multifactorial disorder)D 0000 OO0 O
00000 0 0O0.00 00 000 000 00
000 0D000 00 0000 000 000 00 O
00000 00 0000 000 00 00%0 00
00000 0000 0O000 00000 000 00
0 000 000 000.00 000000 0000,
00,0000 00 00,00 00 00 0000 O
00 OO0 0D000O0 000 00000 00 000
000 OO0 000 0000 00 000 00 0 O
00 000 000 000 0000 00 0000 O
000 ooo oo®.
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MOLECULAR BIOLOGIC ANALYSIS OF FMR-1 GENE
TRINUCLEOTIDE REPEATS IN AUTISTIC PATIENTS

Ho Soon Kwak, M.D., Chul-Ho Jung, M.D., Hyo-Jin Chun, M.D.,
Eun-Jin Chang, M.A., Hee-Cheol Kim, M.D.,
Jung-Bum Kim, M.D., Young Nam Park, M.D.

Department of Psychiatry, Keimyung University School of Medicine and
Institute for Medical Science, Taegu

Objectives[] There has been a rapid expansion of studies aimed at elucidating the genetic basis
of autistic disorder, especially it’s relationship to fragile-X syndrome. The detection of fragile X
chromosome(Xq27.3) by cytogenetic analysis has revealed many difficulties in testing. Therefore, to
explore the relationship between autistic disorder and fragile X syndrome, this study administered
molecular biologic methods which examined an unstable CGG repeat within the fragile X mental
retardation-1 (FMR-1) gene.

Methods[] Ninety nine autistic children and eight normal control children were tested. The number
of CGG repeats within FMR-1 gene was measured after amplification by PCR, and cytogenetic
analysis was also carried out to detect fragile site Xq27.3. Southern blot hybridization, using StB12.3
and/or Pfxa3 probe, was done for the patients showing expansion of more than 50 CGG repeats
(premutation).

Results All but two autistic patients had no expansion in CGG repeats by PCR and there was no
significant statistical difference in number of CGG repeat in comparison with normal control. Two
autistic patients, considered as premutation by PCR analysis, had no full mutation or premutation by
Southern blot hybridization. All autistic children tested did not have any abnormal karyotype or
fragile site Xq27.3.

Conclusions[] These results suggest that autistic patients may not have abnormality in FMR-1 gene
or abnormal expansion in CGG repeat. In conclusion, fragile X syndrome may not be antecedent of
autistic disorder.

KEY WORDS Autistic disorder -+ FMR-1 gene trinucleotide repeats - Molecular biologic analysis.

gi1s0o

Korean J Child & Adol Psychiatr 1100 3~15, 2000 —




	자폐장애 환자에서 FMR-1 유전 삼염기 반복의 분자생물학적 분석
	서론
	연구대상 및 방법
	결과
	고찰
	References
	ABSTRACT


