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Application of real-time PCR analysis of the SMN, gene in the carrier testing of spinal
muscular atrophy
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Abstract: Objective  Spinal muscular atrophy ( SMA) is one of common autosomal recessive diseases and is
characterized by degeneration of the anterior horn cells of the spinal cord. The reported prevalence is 1/10 000 live births
with a carrier rate of one in 50. It is important in genetic counseling to identify the carriers with one copy deletion for the
survival motor neuron (SMN,) gene. However, the duplication of the SMA locus makes the detection of SMA carriers
difficult. This study aimed to determine the potential of the quantitative PCR analysis in the identification of SMA carriers.
Methods The SMN, gene copy number was detected by real-time PCR with TagMan technology in 109 SMA parents of
affected children and 40 normal controls. Results The average copy numbers of SMN, in the individuals with known one
copy of the SMN, gene and with the two copies were 0.777 +0.035 (CV= 4.5% ) and 2.064 +0.120 (CV = 5.8%)
respectively. The average copy number of SUN, in all of the parents with affected individuals was 0.798 +0. 108 (CV =
13.5% ), and that of normal controls was 2. 106 £0.18 (CV=8.5% ). About 98% of SMA patients’ parents carried 1
copy SMN, , and 95% of normal controls carried 2 copies. Conclusions The gene copy numbers for SMN, were one and
two for SMA carriers and non-carriers, respectively. Our results suggested that the quantitative PCR analysis can
distinguish the SMN, deletion carriers from non-carriers. [ Chin J Contemp Pediatr, 2007, 9 (5) ;457 —460 |
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1/10 000, 1F % NBFEA 3% K 1/40 ~ 17601
T+ SMA 1) BUFE 2 485 47 5 00058 85 8, ok T A
SMN, I HEH7 F7E SMA A% ) A RTO hy
L MRIE Ty G0 A 1R VLR 22 46 58
S DU TR AT e DR RSN A R A
Hor o IR RIS B HEME LR 4R 454
B R RE TR L ZE 40 A R, DI AE AT AR
AT RIS BT LA I A I SMA #5415 2 5%
HEATUS A S AR B AR BUA T HNZ I, AT LU ER —
NG 1 F AL A AR T 4995 19 &9
T HBE TN RIEE RS, HRTTR
JHf SMA (14 35 R 2 Wi 5 3120 SR 2 2 i A )
SMN, RS AAAE S B2k o SR 1T, SMA #5447 & il
IEH ANIILEAE SMN, 2 R bt AR BEIX 43 SMA #
W&o AN TagMan $7 AR 19 SEEF 9% 56 2 5 PCR
J5 3 K T IE B KT SMA HR 5 A BE ) SMN, 3
¥ DUE AR AL, B AR G SMN, HE PR a2 A 45 1
IEH R SMA #5457 5 1 3L PR R AR AL 1 45 05, DAL IX.
43 SMA #5747 & AR5 & o

1 XWHR5F*®

1.1 &

SMA Hi35 A0 109 fi], 1EH A 40 ], k4%
BER IR, MK TR G C R, HRERTL
SMA % .
1.2 A
1.2.1 DNA 4] % 1l B A2 1 3 Ah A K i
5 mL,EDTA HT&E, 5 ML B/ 5805 v e 4 i 5k
24 DNA, Jf7E UV-300 %8 4k 73 0 O B2 X F I &
260 nm Jz 280 nm 4k f{) % %8 FF (optical density, OD)
{H. FEARYEIE OD {5 DNA [k BE LR o
1.2.2 @B 2 % A&4FE C212 A F A 47

(1) 3 TR Z 300 iU 5 16 4% SMN B K iy
TER RN T REENM RS
BARIC C212, L 2 A FriC R A e PN 2H £ 5 1% ( Ge-
nome Database, GDB) ,# 14 F BE K J&F 196 ~222 bp,

(2) PCR 935425 ML )7, 1E PE-9600 %! DNA
PAGFML BT, VAR R 25 wL, &4 B 24 DNA
50 ng, dNTP 4% 200 mmol/L, 5|4#4% 0.2 wmol/L,
1 x i, Taq B 1 U, §7 3% 55 94°C 1142 Pk
3 min, #R 514 94°C 40 s,65°C 40 s,72°C 1 min, {FF
35 YK, 72°CHEH 7 min, PCR 74 8 wlL il 6 x ZiFE
LRI (0.25% W5 ,40% RERE)2 wL, FAET 2%
BEfREE S L Uk , PR 2% R A 1 x TBE, 100 V H,

UK 40 min , EB Juff,  SeAM g SO IRGS, a3 — 2%
RSty W PCR 9734 1802

(3) 72 1A 5 VN 0 T fg 05 1 P, K 8 5 Aoz A [
6% 7% P 5 T M TOE e BE S (19: 1) WLk, IR R
7 mol/L, ARYL @Al , 25507 Hk PRUAR Hf v vk it i B
L, B AR T BAAR DA 1,2,3 - ARIK A 44 o
1.2.3 b3 82 % PCR 4l SMN, 3 B # N4

SMN, 5| %) B %A, 1 51 ¥ 5'-AAT-

GCTTTTTAACATCCATATAAAGCT-3" iG5| #¥ 5'-
CCTTAATTTAAGGAATGTGAGCACC-3" # 41 4 Xt
SMN, A48 7 7 19 6 ik it, J¥ 5 N
CAGGGTTTCAGACAAA | Jfl FAM TR AN o 63
, TAMRA 1E MK . LA L5149 RE & PCR
R G e ) M Gk 2 B T W) e A T Y A
SE B R A B R S ik A i B
NNt SMN, BEPRIABF 7 4li5 Bk A4
B HAE I € SMN, & [R5 DUEbR A 1 BIF 78 %5 42
SRIGHRAE C212 KRN 4y AU L5 Rk HE A 2 4% C212 4R
ICHY DNA BEAAESMp IR B SA 2 5 LR
SMN, HE[H , HER & BGZ DNA A5 10 mL g4 2 4>
$£01,20 mL,5 mL,2.5 mL 23 54H24 4,1,0.5 4%
Do PR RTS8 1ol 0 ot 2, R 40 ] 0T g 8 4 1>
ARFRE At 9 $5 DUE . PCR 4% SO AR 2R 25 mLL:
K20 DNA 2.5 mL,5 x buffer 5 mL,25 mmol/L,
dNTPs 0.25 mL ,10 pM 5[%) 0.5 mL , SMN, #%}
0.5 mL,TagDNA B &f# (1U/mL) 1 mL, PCR JZ )i
Z5/4:93°C 2 min;93°C 1 min,55°C 1 min,40 {F#F,
1.2.4  HKAESH Fi ABI 7000SDS 3 #8457
Mo A

(1) SMN, & K 45 D1 & {8 /Y 8L 1 : A2 IE
SMN, ¥ DUE = FEAS SMN, % 56 7 60 I % D1E <
PR 9 OD {H + B4 Y OD {H

(2) SERFZE St BRI SMN, & K J5 vk 1 RS e
PEBAIE : SR FH A M S B0 Sl B 4% 15 o 854 5
IEH XS RS 1 ], 45 H A DU [R] — fir DNA A A 1)
SMN, #5 DUB— IR (D 980 WA 0 2 B 3 A0 il B A2
R PO 248 L 20 10 H, THRH A
PR 25 A2 5 R A

(3) SEmFE G FEAG I SMN, IR J5 12 () v] ¢
PERAIE : 73 50 5E 4 )15 7€ #5000 3 ] SMA R
() SMN, FEDIHE DI, iH - IME, R 5 S B sk
B PrAS A4 R LA . SR SMIN, R PSRBT DU &
AEHR SMN, FE ) SMA 1Y SMN, HE[H] 5 i
i SMA 8 Z M AFAE SMN, FE A 9734 56 Ukl %€ J7
P IE A
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2.3 WHEE PCR &GN SMN, ERNMRF 7 ik
2 #R BRI SE I IE

2.1 SMN, EFEFEMERRAEmY 18 2 Kty 1E
(8113 i £&
W 1,2,

1 SMN, FRYEARERYIBEZ N irt RIS
JBE A R AR A ERE ; A R €0 th 200 3 AR & AN 1R 95 UL SMIV, 1Y
R il s S AR AR HU B I PR L B fE

2 SMN, FRMEARAEmPSLY 18 E Y3 B 2
% CU{H, BRSBTS DU X 4 CuE-SHRIERE fke in #5 1T
BB LRV G , A1 5 2 %% 0. 997 095 KA H- IR 5 Ay Ce {75
H R IR TS DR

At

2.2 FHEE PCR N SMN, EEIIMEF T ik
HIFaE ML HIE

MG AT L, A (& 1 A$5 DL SMN, S
K1) SMN, ~F-¥548 DUECR 0. 777 +0. 0355 1E 5 A (7% 2
AP D1 SMN, R ) SMN, ~F- 34 ¥ UKLy 2. 064 +
0. 120; A8 5% ZZE0A 50K 4. 5% F1 5. 8% , 41773 % 7 1
Heichans. Wk 1,

K1 KAEESHT SMN, FEHNESHE(10 k)

T8 DAL 5 R
S T U8 = -
(x#s) (%)
NN 2 2.064 +0.120 5.8
HER A 1 0.777 +0.035 4.5

MFE2 Al UL, E e (& 1 N8 DL SMN,
R SMN, 3442 D180k 0. 769 £0. 048 ;3 4] SMA i
TS SMN, ¥4, WLk 2,

S A3 1 % AR 2
pal wb R IRRR
(xs) (%)
BE 0 3 0 -
HE R 4 0.769 =0.048 6.2

2.4 IEFEANSMA BELE SMN, ¥ NHEWL

MFE 3 W UL, B A RE SMN, - 24 75 DL 4L
770.798 £0. 108, FiHHGA 1 415 01 SMN, F[H
1M I &N 38740 i) SMN, 3 [P 1 45 DS
2.106 0. 18, FiitHAE4H 2 501 SMN, ZEH . 1L
*3.

®3 EEAKSMA BEXE SMN, EEERHEN

434 B IR BRSPS IR AR R R (%)
pogiEn 1 1 1.052
2 38 2.106 £0.18 8.5
3 1 2.95
BEAE 1 109 0.798 £0.108 13.5

2.5 E%BABELE SMN, ERHHT

W 4 TT L, A EEA 98. 2% (107/109) 4%
LA DL SMN, SR T AL 2 A4
SMN, S A, 15 95% (38/40), WL 4.

x4 EFNBELESMN, ENHHSH
SMN, JEH 5 WA 4345 (% )

Hit
0 1 2 3 4
EEA 0(0) 1(2.5) 38(95) 1(2.5) 0(0) 40
HBEACE 0(0) 107(98.2)2(1.8) 0(0) 0(0) 109
3 iFig

FO B R 3 2 R R R (B4 BUW
ALY, R i 45 Je AU L A & o I R KT
PEAT BRI S AR, — B R R R A
REMERARL I, SOE A FE ] B 0 Tt o2 i
J&, AT LA F- /K7 RIFI A DNA 5 RNA 204 $0AR
FLRR I A, 0 ELUERR , R 2 X —Se B2k ]
A o R S5 5 PR ) 3 A T 2 ) gt A , ] —
JBcEE AR TT 1 AN RE HEAA R D A s A o o PRI, g A
PP I T B B 208 o HAT, 2R R e Ak
M5 H Rk H 238 2, AF5ER RS2 ¢t
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s PCR, A Cu Al (RN OB A 98615 5 5
SR EAE SRR T 22 3 (0 BR850) 78 2 17 94 B
B I B AT R, R B B
F T i PCR SIS I % A ) 52 5 ) DNA A
AR ZR A0SR A AR A A e B AT, DU 2
2 I T AR M B ) 2 S5 i AAH [R] 7 B DNA
PEFTARCIE (R2IE SMN, ¥ V1%L = REA SMN, %6t 5
RIS DB x BRI B9 OD fH + BEAH) OD {H)
BT I WA N R K Lt . AP 1 4 P
B MAR T & 1 ~2 N5 DL SMN, R K- 2y
SMN, SR P8 VUR 2 . 45 SR Wl 2 1 4 1
SEIG FTIAG I SMN, JE RS- 345 DR CV A 53¢
RIRE AT IR T B R R E . N TR
BT AT SR TR AT IR SMN, H5 484,
SE T ol B SMN, 3D EA7AE AR 3% D1 SMN2 (i
SMA (B (1 SMN, H[H, 45 B B R WL SMN, 3K
a4, VIWIZARE e S iR 5 SMN, R SMN, J
AN 7[RI XS 4 5 < 5 1) SMIN, SN
FFT I 5E , P-4 SMN, Ji PR ¥ U1 % 55 o R 1k S i
JUF I 58 1) 5 50 4445 2 10 SMIN, 35k DR SF- 247 4% 00 B30
R, AR TR T SE H 5 PRGN SMN, JE AT 2R
SMN JE[H 4K 20 kb, 54 9 PAME T, Hif
ALY 1.7 kb, il 204 ASEIERR ., E— AUk
AR A WA 2 R 4 DL (SMIN, | S ki 4% I
I SMN, 22 Ki0500) . FRTZ R AR 275
PEAMHTHE (SSCP) | B 4 F B K 2 ik (RFLP) 4
ARLFIFSNE T 7 A8 BB HE 22 5 X 4 SMN, F0
SMN, Kl SMN, SMET- 7,8 F2i 4 i i i SMA
LW T P RS W vk A RE R
SMN, RTAEAEEBR S, RREX 53 SMN, 2% 1 BLIE
AR 2 4 DR e 2 3 2y 26 0 0T 3, S B X 4%
SMA s #7 % FIE % A K 2% 45 e 2k SMN, 3 R #
SMA B . i LI HfE it SMN, $5 DUBCR AR5 51
B AT R H R 98. 2% A 1 A
PEUL SMN, SR, A 1. 8% #5741 2 A5 UL SMN, 3k
PRlo Hss 55 ekl — 200" TR ik
AEER AR 8 — A Ye i fh LA 2 D51 SMN, ¥
VL, 95—k e o 1A 1A o 2 a2 Ak 9 728 i 4 2
(“2 +0" SMN, JER R ) B 87 A 5878 /N3 PR Py 2
AR (5 SMN, 28781 4% )12 iR, b
S 191 8 T 3 — A HEAT S B2 W s 5 400 W S
B o TE X0 IR T LAY 2 4% D1 SMN, 215N
E,1595% (38/40) . F Wi SMN, 3 FH E B
AT A5 TE N (SMIA. 855 25 5 [ DL 2% (6 0 43

A, LAGRT X 43 SMA #5707 5 FEE#E 7 #0938, A
SCHRIRIE ™ 415 PRi2 W7l SMA 1iii PCR 5 % SMN,
FER A BRI B A g — 25T SMN, 1)
SERRGIN, PR A SMN, JEPR e A bk,
Lh T SMA #5744 SMN, JE K 4445 B2k (¥ SMA
S SMN, LR N N 58 748 1Y i 25 LA Je SMA XU
PRSI A A AT SMN JE PR s 0T

(& % X ]
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