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recessive pattern. The majority of SMA patients have a homozygous deletion of survival motor neuron 1 (SVIN1) gene. Asa
specia SMA carrier, the (2+0) genotype of SMIN1 poses a great challenge for carrier screening and family genetic
counseling. A previous study showed that polymorphisms of g.27134 T>G and g.27706_27707del AT had a predictive effect
on (2+0) carriers in the Ashkenazi Jewish population. To further explore whether these two polymorphisms are specific to
the Chinese population, the present study recruited 44 family members and 204 controls with known SVIN1 copy number.
These 44 family members were from nine unrelated SMA families with SMN1 homozygous deletion, and one of the
proband parents was suspected to be a (2+0) carrier. Multiplex ligation-dependent probe amplification (MLPA) and short
tandem repeat (STR) linkage analyses were used to determine the (2+0) genotype and polymorphism screening. Finally, by
analyzing the SMN copies and haplotype from three generations of family members and two generations of multi-child
families, ten individuals in nine families were confirmed as (2+0) carriers. Moreover, only one individual with three copies
of SMIN carried the two polymorphisms of g.27134 T>G and g.27706_27707del AT. Therefore, we provided precise genetic
counseling for these SMA families after confirming the (2+0) carriers. The association between the polymorphisms of
0.27134T>G and g.27706_27707del AT and Chinese (2+0) carriers might be weak. Hence, it is necessary to find specific

polymorphisms in the Chinese population to improve the detection rate of (2+0) carriers.

Keywords: spina muscular atrophy; SVIN1; (2+0) genotype; STR linkage analysis; polymorphism
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RS, 915 3R 9.27134T>G il 9.27706-27707del AT
22 RIS T KR 2+0 BE P ALY i

1 M%)k

1.1 WFRMHE

AWFFEMAT 94 SMNL KPR 44 Bl 2k (1) SMA
FE, A4 PIR R Hd, SMA ek 9 ],
U M 2 4], SEuF#E XCE 18 14, SEuF#EHACEE
AMEACEE 15 6], T AT Je il 35 R 7E i LRI 5
WAL A E T LR e 5T —SMA
Bid” WH (45 . 2016YFC0901505) (1) 4, H T
AZH5FEXEFZBAERES. Aaa iR
WEGERT 16 P2 53 S e (HEHES . SHERLL2017007).
BEAN, FIMA 204 FIE A SMNL R DAL ) AHiF



162 AR Hereditas (Beijing) 2021

5543 %

BN AF DNA X BREEAR H T 2 84005 W i 2r
1.2 #EENESH

JEUEH R F W0 B B EDTA B 3 mL, %
F] EasyPure®Blood Genomic DNA Kit (b 5244
AEYIEARAG BRA 7 FEEGER 4] DNA R 2 HiEH:
BEEF Y1 (multiplex ligation-dependent probe ampli-
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1M 5 — s gL ik E45H 148 DL SMNL ZE[H, SMINL
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Tablel thedistribution of copiesand genotypesin SMN1
0 0+0 9 (100) 0 0

1 1+0 0 6 (66.7) 3(33.3)

2 2+0 0 3(33.3) 6 (66.7)

3 2+1 0 0 0

At - 9 9 9

0 0 0
3 (50) 4 (44.4) 0
0 0 1 (50)
3 (50) 5 (55.6) 1 (50)
6 9 2

a: UHIFHA, HAECME I,
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Table 2 The distribution of SMN1copies in SMA
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P | (RHLAC/AH B B8, I I
MRS  CORIEER) - CRIEH /i)
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#2 3/1 1/2 0
#3 1/3 1/2 0
#4 31 211 0
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Ak 8 9 9
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B, ek, JeibE# A A EE SMNL JE K 5
D5 1 3, 454 STRIESH R, C3E
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Ry 2 5, B BUGE ) 3 R AT T KB SMA 11 RUK:
FIPPAL OB, 271 2 5 01 SMNL LR i %
— Ik 240 A, I AMATHR AT, T4 SMA
I F & KU R 25%; A M IEHE [ 1+1 JEHRAL, R4

SEUEH T RE KA T AR AR M SR RCE Z — A5
BRERAA, NTTZZE R SMA KR & XS ARAE . ASHT
FEE AT R R =AU, BMEF LR RN
HEAT SMN JE R H DUECR , JF 456 SMN & R

UHM7 333 333 337 333 UHM7
UHM4 420 424 424 428 UHM4
SMN2 1 copy 1 copy 0 copy 1 copy SMN2
i SMNI 0 copy 1 copy i 1 copy 1 copy SMNI |
: ; i 1 copy ;
DHM4 153 153 157 157 DHM4
DHM7 155 155 159 159 DHM7
3 { ’ 4
I
UHM7 333 337 454 337 UHM7
UHM4 420 424 424 424 UHM4
SMN2 1 copy 0 copy 2 copy 1 copy SMN2
[ : I" _________________________ 1
1 SMNI 0 copy 1copy ! ' 0 copy 1 copy SMNI i
E 1 copy . : i
DHM4 153 157 153 153 DHMA4
DHM7 155 159 159 159 DHM7

n

UHM7 333 454 UHM7
UHM4 420 424 UHM4
SMN2 1 copy 2 copy SMN2

. SMNI 0 copy 0 copy SMN1 E
DHM4 153 153 DHM4
DHM7 155 159 DHM7

Bl 1 #7%K% SN EFENHE STR EHHMEXE

Fig. 1 Pattern graph for SMN copies and STR linkage analysisin #7 family

e AHAQAHEES 11 SC3RMESR S NI: SBIERE ;s BB Btk BB &f; BERIE. LMERibd; ARBENRE. KRR I
Ok, AL MR STRALE LI Bel B s SLOR B : 15U SMNL LK ; PIRIREZR )45 1 . O 45 DLy SMNL BE[H 5 HE LR AT .
SMINT JEH Y 888 DLE;, UHM7: BESREARIC 7; UHMA4: LR AGRIC 4; DHM4A: FUFRAEEFRIC 4; DHM7: Rl f5m
biid 7.
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I 1
UHM5 301 304
UHM4 420 424
SMN?2 1 copy 0 copy
\ SMNI 1 copy 1 copy i
E 1 copy !
DHM4 157 157
DHM8 236 228
1I 3 4
UHMS 304 304 301 304 UHMS
UHM4 424 424 420 424 UHM4
SMN?2 1 copy 2 copy 2 copy 0 copy SMN2
E SMN1 0 copy 1 copy E E 0 copy 1 copy SMN1 E
e N topy |
DHM4 157 157 153 157 DHM4
DHMS8 228 228 224 228 DHMS

I s ( )

UHMS 304 304 304 301  UHMS
UHM4 424 424 424 420 UHM4
SMN2 1 copy 0 copy 1 copy 2 copy SMN2
i SMN1 0 copy 1 copy i E 0 copy 0 copy SMNI i
s eony || e
DHM4 157 o el 157 157 <= = 153 DHM4
DHM8 228 228 228 224 DHMS8

2 #8ZK % SMNEEENHE STR EHHMEXE

Fig. 2 Pattern graph for SMN copies and STR linkage analysisin #8 family

o AMHACHMEREGMEREE Z41); 1 SRR 1 SEIER/EM; B8 Bk BB, Ltk BERE. LMWBiE®; NFEE
R ARRIEM GO, AR RET: STROALGLHABRE, TOoRTE: 1IN SMNL EER; MARKRZ=A: 03
DU SMNL JEH s HELRHE: SMNLJEH (4 5885 D14 UHMSG:  Lif A AIPRIC 5; UHM4: LUFELEAIFRIC 4; DHM4: T FEAR bR
i 4; DHM8: T fFBiRic 8,
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I 1 | 2

UHM7 441 337 333 333 UHM7
UHM3 325 328 325 325 UHMS3
SMN2 1 copy 1 copy 2 copy 0 copy SMN2

! SMNI 0 copy 1 copy ! ' 0 copy 1 copy SMNI

E E E 1 copy E
DHM7 159 151 159 = 155 DHM7
DHM8 228 228 224 = 236 DHMS

rm—
I 3 | 4

UHM7 337 333 441 333 UHMT7
UHM3 328 325 325 325 UHM3
SMN2 1 copy 0 copy 1 copy 2 copy SMN2

E SMNI 1 copy 1 copy E i 0 copy 0 copy SMN1 E

i i . == '

s teopy || ;
DHM7 151 = 155 159 e 159 DHM7
DHM8 228 o 236 228 e 224 DHMS

3 #9ZKFE SMN EEENHE STR EH o R E

Fig. 3 Pattern graph for SMN copies and STR linkage analysisin #9 family

o SRR N SERFM; EJ7B . Bk BEETE: BHEIER,; BB L AEBIOKNEL . RERENROK; &
WL BB . STR S B BER ;. S KI5 . 1 #501AY SMNL L[N PIAEREZRIAI 25 (1. 0 #5 D1AY SMNL L[N BEZHE: SMNL
FEN B BFE DG UHMT: Bl 5 RIERIC 75 UHMS3: BWF AR BARIC 3; DHM7: Tl 5 RARIC 7; DHMS: N5 AIARIC 8.

xR3 BHUANSH
Table3 Thedistribution of polymorphism

R SMA 5% Z 53 (SMINL 32 (R 2 X B 26 (SMINL % D1 %%)
0+0 1+0 2+0 2+1 2#0 @ 3L 4 ¥ 01

0.27134T>G 0 0 0 0 0 1 (6.3%) 0

9.27706_27707del AT 0 0 0 0 0 1 (6.3%) 0

i 5 51 %% 9 16 10 9 187 16 1

a; A7 18 fil%EMl 2+0 SEAIBIAMA, RISEIEE y SMNL BERIZEG B, BURZ —AAE 6k, J)—J7r SMNL B35 DUECh 200 SE
2+0 FLH 1),
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JiF STR A BN R R IEBMT A E TR A 9K
A1 10 A A SMNL JER B 2+0 #Eai5#  [FIT,
WA 73X 9 MR AT AYFEIEHIE SMNL I A 145
AR, HIER RIS MR B 2 T
et

VE R EF RIS S &, 2+40 JEPRRIZE— A
RER I R 2 N 5%~8%!%, TEH e # b 45
4%, 1) MLPA . Real-time PCR {83 (1 3 1 i
Ko A AR T LB SMNL FI SMN2 35 A 6 4% DL
B AHJRTCEE X 43 2+0 FE K RYFIIE 57 19 1+ LR Y,
o B4 DL A A U B R 255 4. Chen PR
1999 4Fwf F Il SMNL J& K 5 6 22 e 245 A 5435 B 43 A7
7 EEUESE T 2+0 RE N A7 AE . 2000 4, Yan %9

T AR AR 5 /N B M Rl e AT R PR R IR

AT RLAM S B A (a ik, 2001 4F Mailman 207
I R AR B AG I T 2+0 FEPIAY, {HJE X 0
FARFERT HL 9% 7 o 3 ot A 38 R SRR 1003 1)
05 250 B WA MM 240 LA, (HRE T otk
AMAE W, BEERTN S, RN EREART L
B, X EEL 2+0 FEPIAASR, BT LA Se i H XY
% SMINL I R 945 DL, 2 BGE— 5 1+0 #5374,
J3—75 SMINL R 48 DUEOR T4 F 3 Il BE B s
BERIAA R 2+0 LR A,

Kk SMINL £ K AT SMIN2 J A )48 DL s AR
RABE BUR A B, IF T AR il T K1,
FRRLL 2+0 JE R RIHE 7 35 AE AN HE h b 258808 A2 7E (#8
FAJCUEF M) o 100 H HLA R 7 v AN R B e
2+0 FEH AL, ARA KIS SMNL 54 5547 5k K % 8
) B R AT LU AR s 2+0 R R AY A7 A . Luo %12
3B T 7E Ashkenazi JL R A, 23847 55 9.27134T>
G fil 9.27706-27707del AT 4 1 ) B A5 AL A7 7E T 45
7 SMINL 8 &2 S5 HE PR A AR v (SMINL 48 DLOK T
ET 3), MAFAET X A TR(SMNL ¥ 0Ll 2),
PR A Z AT RS SMNL 547 57 S 2
BB IEATLE—A SMNL FEH$E ITHCh 2
4 R R0 380 3 A 2 A AR SR, DU i B R R X
2495 DAY SMNL JE R F [a] — S e tadhk i A AR h
2+0 A7 H RS . X — & B Ashkenazi
MR AFEH SMA #5747 #4651 3R 1 90%$2E T+ 2 94%,
BRI A BTG A 2+0 3 R RIS RS AT UG I 21 53

N2 . BIER e AR, 24
2 ¥l SMNL L AR AR EAE 9.27134T>G 5
9.27706_27707del AT Z&748 5 H AR —4~, M
REHERR 2+0 ¥ & I TTRE, (HJ AT LARRMGIZ AN
P57 XU

BARWFSE o, AEMARE T 3 45 DR 4 #5
D1 SMINL 3 A AT 7 L A3 43531k 41.4%(373/902)
Ml 13.4% (121/902), %= TR AREAY 5.6%
(33/593) il 0% (0/593)1"%, [fii7E SMN1 $% Il %5 [7l £ Ky
3 4 A, AR AHE 9.27134T>G (ks %
86.4% (427/494) , . 2 & T A WA 1 3.0% (1/33).
DL B g5 R R, SMINL 56 B 48 DU i 43 A LA 2
0.27134T>G Z 50 578 s BA R GER . HEA
BEFHEAT 3 $5 0LAN 4 $% 01 SMNL 3 K AN BIF 5 L
15143591k 7.0% (1434/20403)F1 0.3% (60/20403)1™Y
ML A5 4, 9.27134T>G Al g.27706_27707del AT
Y EPSAETE

AT A T 44 1K F L5 204 Bil#E A
] SMINL L[R5 DUEC i BRAEAS , AUAEXT R h &
1 i SMNL FERFE DB 3 1A~ PR [a] B 45 A7
g.27134T>G Hil 9.27706_27707del AT £ 578 5%, [
I, 9.27134T>G Fll 9.27706_27707delAT fE#7 3
5 U1 SMINL FE RIAS AR H (46 1 2R 35 R 6.3% (1/16),
9.27134T>G K H 3 5 35 4% T U R (84.59%6)
PGHEF ARE(L11.8%)1M, W5 T4 AR (3.0%) 1,
9.27706_27707del AT (A4 H 3R I E KT VH BE 28 A J
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5543 %
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B, i i — 2D AR S B CRER PE Y 2 T ARl
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