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1. MsWannMIanNTRenguaInIsaIn
Tnawmaiin multiplex fluorescent PCR

1.1 sagilglumsdnm

MaeNLEaenHe EDTA blood 31UIU 82 ABEN
Usenauee éf'saaiwﬂajummimaﬁﬁﬁmmﬁﬂﬂﬂa
WU trisomy 21 $I1UIU 32 @IBEN UazAIDEN
AUUNATIUIU 50 GIREN AIBENNGNDINTONIY
l@suanuayanziannmibanysdwugmans
MAITINNFTINGT AULUNNBFAIFNS LSINEIUID
FNFUA UazdTUNNIYDS NAAIBENEIUMT
ayniuguraNuRaUndlaamsanvienzilasiulau
dudedraulndidudietwessdngssaiieh
saulasemsmuauuasilasnulsasaadideny
NSUINENENFNTMIUNNE éhaaiwﬁy'wmgﬂm%u
DNA I(ﬂil‘lil'] R L‘%f\)g‘l_] Nucleospin Blood
(Macherey-nagel, Germany) %qmﬁﬂqmauﬁ’awm
DNA ﬁmmiaﬁ’uﬁ’u silica membrane 16

1.2 3509

waiiaiiarde primer 3 ¢ huduiian3inm DNA
U STR ¢unue D21S11, D21S1411 wag
D2151413 vulaslulan 21 Tasvhmsdeamnd
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Uae 5° 289 primer ufazdA181903 09U
LAY (MTIA 1) MS5LATEN PCR master mix
U3n59I8 25 pL Usznaudetien 1X PCR Buffer
(Applied Biosystems, USA), 200 uM dNTPs, 1.5
mM MgCl2, 0.16 uM primer D21S11, 1.6 uM
primer D21S1411, 0.16 uM primer D2151413,
0.2 U AmpliTag Gold DNA Polymerase (Applied
Biosystems, USA), ‘lil’l ﬂébu a8z 50 ng DNA
ufnsen PCR IG]ElLﬂ%ENtﬁuﬂ%u’lmﬂ’l‘iﬁuQﬂ’i’iN
?éu Gene Cycler (Bio-Rad, USA) Tagdsu
M3YINUUBN Enzyme AmpliTaq Gold DNA Poly-
merase 71 95°C 11 15 Wil MnahmstiuyUSin
DNA 40 58U 108 denaturation 71 94°C w1 30 311
annealingﬁ 59°C WU 1 W% waz extensionﬁ 72°C
WU 1 W17 uae final extension 7 60°C W1 10 W17
Lﬁaauﬂﬁﬁ%m PCR M 33tA91z# PCR prod-
uct l@aaN PCR product 0.25 pL i Sample Load-
ing Solution 40 uL (Applied Biosystems, USA) wag
DNA size standard-600 0.5 uL (Applied Biosystems,
USA) 319129 PCR product lasia3asdianzi
NAULUFaNLUNG CEQ™ 8000 Genetic Analysis
System (Beckman Coulter, USA) aV@8%anns cap-
illary electrophoresis
Fayanamuagnadsliiiulilumheanuhuas
aandiees dlusunsudisagilumsienziine

Msnsiavenuu electropherogram Toedes fluo-

rescence intensity Tuwwaunu Y uazzinauae DNA
Tunuiunu X § software S1uSuUMITILATIER
Balsanas Tagduamniudildnsvaes peak

ANSIIBNIUNINITATINILATIEA N DNA
fuhandwezsiidu DNA aasauUniisnansaneny
1¢ 2 sUuuy wuui 1 nsdin STR shumsaiudy
heterozygous allele NNy 2 peak Tudhuniis
fuandredy Tasfiaugewes peak wWo <
fududasin 1:1 wazuuud 2 nsdiil STR sl
ﬁuLﬂu homozygous allele WNENUNEY 1 peak
Taaiinugewad peak Uu 2 tiizasnsdiusn
saugaslumuii 1 §m5u DNA YBINGNDIN IO
o nginmnsanenuld s sUwuy wuud
1 N3 STR shumatudy wiallelic azeny 3
peak lushumisiiuanaeniy Taeianngeuad peak
woq fwfudadiu 1:1:1 wuudt 2 nsdif STR
i LLWLi\iﬁ?uL‘IdJu diallelic a¢978497U 2 peak
Tudhumisfiuandedu Tasfinugeaas peak
Judadn 2:1 wesuuuil 3 nsdif STR cumie
ﬁ’m*ﬂu monoallelic FIBIULNEN 1 peak Taw
fianugawas peak Hu 3 whassuuil 1 dusas
Tumwi 202

MsulanamMInTIIATIZH N8l STR @
Wy 2 peak lharRuildnsinaas peak
fganimademnuiildnswany peak Midsnt
mndaaiudTana DNA laagserin 1.0 84 1.4

MINT 1 uaISIAUUEYaY primer HIUMIANIVITRBANMEAUNFuaINdHRINIIANIY

Primers Sequence Heterozygosity reference
D21S11 F D4-5’-TATgTgAgTCAATTCCCCAAgTgA-3’ 0.93 12
D21S11 R 5’-gTTgTATTAgTCAATETTCTCCAg-3’

D21S1411F D3-5’-ATgATgAATgCATAgATggATg-3’ 0.93 12
D21S1411R 5°-AATgTgTeTCCTTCCAggC-3’
D21S1413F D2-5’-TTgCAgggAAACCACAETT-3’ 0.87 13
D21S1413R 5°-TCCTTggAATAAATTCCCgg-3’
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wlanatuund mndadrut3inm DNA fie >1.8
wlanadunguarmsad madadiuliana DNA
fiaagszuing 1.5 89 1.7 ldaainsawdawnaldd
Wudndvdanguennsamil desudanasaniu STR
dumisdu wazsmnndadnuu3anas DNA fien <0.25
w3a »4.0 Tihmaanaiansin s

2. MIUssiiiuANgnAaIraImAlininann

o2

U

2.1 ﬁnmmwgﬂﬁawmmﬂﬁﬂ

WiguigunamIn NI UIRENGNINTANIY
Taamaila multiplex fluorescent PCR AUNIS
aReNzilaslalay Tudhatanguemsanii 32
TPREAN

2.2 ANHIANNWAIUEITAINALA

ihéhagheaulnd 1 daghe A STR umiis
D21S11, D2151411 waz D2151413 (Tu heterozy-
gous allele NNEUMY AhMsIaNzi Tagvh
i luanden i (within-run) 5 A%9 uazvhena
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AU (between-run) AN 5 M Yuar 1 A9

HANIFAN

HANTIAzHluaIadNAUUNG 50 GaEN
WU STR 6N D21S11 WaAN heterozygous
allele 45 MBEN UAFAFINUTINM DNA Bg5ENIN
1.0-1.4 6N D21S1411 WEAN heterozygous
allele 47 MBEN AAFAFINUTINM DNA BgTENIN
1.0-1.4 Wazeuniy D21S1413 WEON heterozy-
gous allele 33 @089 NArdaarulSua DNA
agj3evin 1.0-2.3 damsazidealumaei 2

HANI9ILATILH LU NN NDIN501Y 32
7289819 WU STR @una D21S11 waeN diallelic
pattern 15 9naENN AAFRIUUTINM DNA aeiseniN
1.6-2.5 GUWUN D21S1411 W&o diallelic pattern
19 Mg N UAdadInUInn DNA ae5eriN 1.6-
3.2 WALEUNUN D21S1413 WaeN diallelic pattern
18 Mg UAdadInUIHn DNA aeseriN 1.3-

3.2 faneazEaalumed 3

iohendasiuySanns DNA 289 STR fumi
D21S11, D21S1411 waz D2151413 U plot n510
seueadadIulSna DNA Tunuiunu Y wae
InnusethwasauUnduaznanamsemiluwnuny
X Lilagmansznedayasswinediatanaaingy
WU @UKUS D21S11 waz D21S1411 dan
dodruUSue DNA serinalagaudnduss
NYNDINIAMUUNNENAUBENTALAU AIUTAY
Tumwi 3 wazmWh 4 eNEIeU FIudum
D21S1413 erdadiutlSuiae DNA 52U
Grodremedaeng umuii ey lduandredy
peNTaLaY MadNaulnd 16 Aae Amdadiu
U330 DNA>1.4 wasaiadNnguNaInseInl 8
Mo AedadiudSuiar DNA<L.8 aaudnalu
MW 5

m‘sﬂsxLﬁummgnﬁammmaﬁﬂ NITANAN

M319% 2 uammmwmnwmﬂmqw‘"uqnsw wazdmaIuU3aae DNA 289 STR Mundd D21S11, D21S1411

waz D2151413 lusmadreaudnd (n = 50)

STR marker Homozygous allele (n) Heterozygous allele (n)  Ratio of peak area in heterozygous samples
Mean SD Range
D21S11 5 45 1.2 0.1 1.0-1.4
D21S1411 3 47 1.2 0.1 1.0-1.4
D21S1413 17 33 1.5 0.4 1.0-2.3

TN 3 UFAIAMINWAINBAIINNNUGNIIN UazdnaIUUTINDL DNA 229 STR duwiis D21S11, D21S1411

waz D2151413 lusadnnguain1snd (n = 32)

STR marker Monoallelic(n)  Diallelic(n) Triallelic(n)  Ratio of peak area in diallelic trisomic samples
Mean SD Range

D21S11 2 15 15 2.1 0.3 1.6-2.5

D21S1411 1 19 12 2.2 0.4 1.6-3.2

D21S1413 6 18 2.1 0.6 1.3-3.2

NINTANMIAeITUGY 2557 Uil 23 AUV 5
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ANNYNADILBLANNUNUENVBNITIATIER KA
Anwinudn Mensiitiadangueinisendlay
tNAUA multiplex fluorescent PCR T¥nansenu
msaniensilaslulaannig dmsumsdn
anuusiuhlaamsiesziludisgeaulndi g
STR 6w D21S11, D21S1411 wae D21S1413
1y heterozygous allele NAMIUWAUI ILATIZH
thluasdientu 5 9 wazdsasmsudiunm 5 u
Suaz 1 a%1 daduiSanas DNA udas STR marker
fien %CV 1.35-2.24 aaudaslumsad 4

5ol

nduamsanilifulsameiugnssuiiiionn
anuiinUndvaslastulay 23snaspulumsana
anuialundvaslaslulondunsasiaiesed
karyotype Lﬁaﬁummsﬁuqnisuﬁlﬁumﬂaﬂﬂ{[u—
Toaunisdt 21 Gafumamsanaiianugndaduas
wiueh azh lugmslidSnmuuzthmanugnssw
fminzan tiadssnaumadadulalumsadnns
%ﬁﬂiﬁﬁﬂﬂﬁ@imﬁﬂﬁﬁl’l udiilaennnihenudil
dnanmwlunisasiaieseilaslulauiiani:
Tsamennaznelvgjualsedauunndivhiig snnu

MU 5 wanansnsznatayadndnIana DNA U3 STR dunia D2151413 lusadnaulndiuas

naxaINIeIN

Peak area ratio

I:l T T T
0 10 20

AuUné (n=33)

40 G0 70

v I'd
NanaINITNMNU (n=18)

M5 4 WEANAY %CV Ya9anaIHUSHIA DNA USHI0M STR WeazfIunia 2100 193tANHaa819tH 8Ny

PN o = 9 ;9 ' v g v W 3
Iﬂil')tﬂ‘ﬂ%ﬁ‘ﬁ'ﬂuﬂ‘ﬂ')tﬂﬂ’)ﬂu 5 A3 WazENAIINY Wunal 5 W ez 1 AN

%CV
D21S11 D21S1411 D21S1413
Within-run (n=5) 1.76 1.73 1.35
Between-run (n=5) 1.41 1.86 2.24
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UM Wazdl 6 é'f'sas;iwﬁ electropherogram § STR
Wuwuu diallelic waz monoallelic §I9819NH
M3l STR vy triallelic nansoulara
MInsIalade L‘ﬂm?\)’lﬂ electropherogram ! peak
Farau dhushaganguanmaan il STR [uuwuy
diallelic N8N electropherogram Wy 2 peak U
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FundreFaau Limulh 820y wdaed1 primer
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UfAsengs drunaiii u3ana DNA Ui
D2151413 wuhluauilng 24 518 i 9 8 A5
Fodruuianm DNA>1.7 FelndiAssiunga
21mMsa 1aE1aAeaNEAIE multiplex PCR
fdlimanzan SedaeszaiaszSilumsulana uaz
FamMsulanasINAUsEWIe STR ™ 3 Gumniia
mn 2 lu 3 dundslinansanunannsauda
Kala® ag1elshaumsuianamsnsIniessw
YBNHIDENUABETIEITA U aKaTINAUNN STR
marker Tumsfinniinaludagngummsan
wazdnateaulng Selididredheneledilisunsa
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mﬂﬁﬂﬁﬁmm%umumsﬂmﬁummgﬂﬁmmu
ssuugunw nauiasihlugmslfnumeias-
U015 Tagfiasananenugneaadnazay
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Taslulzn wamseEnsanuuiugwu MmsiaNei
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1.35-2.24 LaAINNALA multiplex fluorescent PCR
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uuhge e ldume Uszanumsnedauaz 350
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pjﬁﬁmmﬁquq NUNIMIATITINSIMe U
e 24 Flas sansodrenaamaluladlads
winSauaununeila fluorescent in situ hybrid-
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ization (FISH) #efludninaiiafidenlslumsnsa
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Tumsinziaediiiivsana DNA fes wu
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Tgannimiiamunis wazulanalosiarsan
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[
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Abstract: Detection of Down Syndrome by Multiplex Fluorescent Polymerase Chain Reaction
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Down syndrome is the most common chromosome abnormalities. In this study, the objective
was to develop a method for detection of Down syndrome by using the multiplex fluorescent polymerase
chain reaction (PCR). The method was performed by amplification of STR markers located on chromo-
some 21 specific for loci D21S11, D21S1411 and D21S1413. The PCR products were analyzed
based on the principle of capillary electrophoresis on an automated sequencer. Interpretation of the
results could be performed by considering peak patterns in STRs. Normal samples showed two peaks
with a peak area ratio of 1:1 or a single peak. Down syndrome samples were characterized by either
three peaks, two peaks with a peak area ratio of 2:1 or a single peak. This method was performed in 32
DNA samples of Down syndrome patients and 50 DNA samples of normal subjects. All the results were
in accordance with chromosome analysis. These data demonstrate that the technique is accurate, reliable
and rapid for the detection of Down syndrome within 24 hours. This method should be useful to support

the prevention and control program of Down syndrome.

Key words: Down syndrome, multiplex fluorescent PCR, laboratory diagnosis
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