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A predictive analysis of the association between clinical phenotypes and genotypes in
children with Becker muscular dystrophy/Duchenne muscular dystrophy

NIU Huan-Hong, TAO Dong-Ying, CHENG Sheng-Quan. Department of Pediatrics, First Affiliated Hospital of Air Force
Medical University, Xi’an 710032, China (Cheng S-Q, Email: quanyi@jfmmu.edu.cn)

Abstract: Objective To study the association between clinical phenotypes and genotypes in children with
Becker muscular dystrophy (BMD)/Duchenne muscular dystrophy (DMD) so as to provide a theoretical basis for disease
management, gene therapy, and prenatal diagnosis. Methods A retrospective analysis was performed for the clinical
data and gene detection results of 52 children with BMD/DMD. Multiplex ligation-dependent probe amplification (MLPA)
was used to detect the DMD gene. The children with negative results of MLPA were further screened by exon chip
capture combined with next-generation sequencing (NGS). The mothers of 20 probands were validated by sequencing.
Results The pathogenic genes for BMD/DMD were detected in 50 children by MLPA and NGS, with a detection rate
of 96%. Among the 52 children, 36 (69%) had gene deletion, 7 (13%) had duplication, and 7 (13%) had micromutation.
Among the 43 children with deletion/duplication, 32 had DMD and 11 had BMD; 37 children (86%) met the reading
frame rule, among whom 27 (96%) had DMD and 10 (67%) had BMD. All 7 children with micromutation had DMD.
Conclusions The reading frame rule has an extremely high predictive value for DMD but a limited predictive value for
BMD. [Chin J Contemp Pediatr, 2020, 22(6): 602-607]
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i 2R 0 MR BMD/DMD B0 (1912
W7 2 EEAREE BE PRI T, DMD P 32247 3 Fil
GASHA . R B MUNRAR  HACEE
P HOR Y R 1 3R 5 PR 5 A8 R 4 it ] 0 A
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R B A AT R A A, (ES BEAG I A 5
AR P S A PR (NGS ) UL S ik il
INGEARAROT R, WA RTATX DMD A
AT AR A PRI . EL ) i I 1 gk 6 PRI
2EBLIX 43 BMD Il DMD, Monaco 25 ' - 1988 4F- 4
P B B AE 2R U, DA A o 9 A 1 A ] B RE R 1,
W= A U B IS RE BT L ZE AR i, Bk
R R, R DMD; #FEREVCHT, T
(8 A S ORAR ) SR HE AN S, )l PR RE AR A e R
9 BMD. i 1 %F DMD i PR AG I 45 SR HEA T 5 4 1l
f i, NSRSy R B B, Al g Humgen [
vl ( www.humgen.nl/scripts/DMD_frame.php ) £ ]
DMD J Pl fif 2k | o 2 0F I 3 A/ i [ S HE R 5200
in-frame $&7R T B RS IEAL | AL TR EHELE
out-frame $& 718 12 58 48 1t Wi Pe) SEAE L IR, L AT 7R
Edystrophin ¥ ¥4 (http://edystrophin.genouest.org/ )
FRA RS R] [ R4 AE 1) DMD JE K 5 i PR R A AR
KHEORE, [ BMD/DMD U5 AR, 200 Ltk
1303 7Y 2 W Sl ROy Y, A REAT A it AT
JE A, D SRR DR VR YT o AR SC IR B
T 52 {5 BMD/DMD 8L i R 2 28 LA i 531242
Wp2f s Wi sk R, ¥R BMD/DMD LI PR 2 8 5
BEPRI R S, S TR P 1 TS B R DR VR T
SIS, WA B T B Mgt G %),
1 ERETE
1.1 HRMK
15 X 2010~2018 4 F 3% B 12 Wi 19 BMD/DMD
BIL 52 BIoAEFTEXS 4, o BMD 11 4], DMD 41
B, BORETE WZHERN3NAR 148, Y
IR 4328 % HToMG R, ABHRLRAE.

BMD/DMD 2 Wibsife 2 2% Sk 7', 52 il L,
9 ik AHINA, 35 Bk A, 6 fikATE
M FR X, 2 Bk FUOBSE4E /R R X, AE
FEBIMEAR B LI NI R, 2858 T A Rl 15
1.2 FHik

KA HBULAMNR E K AL 2~3 mL, SR MLPA £
AN} DMD JE[K 79 440 ik iR AT BEAEAE B BRI A /
o B A AR AT A . A At MLPA A6 0 A UL 53
WL, RN R TN R4S A NGS
FEARIEAT BT R AKOT- A8 AN, BT A AR S 33
1t Sanger M FFEAIE, X MLPA+NGS H A A K 4
FOREER P EE, R R AT G HE R DL A
AR Z R BSURIERS, FCB M BAGAr
1.3 KR RAIHE

Xif [v) B A T HE R 96 UE Y 20 ) S UE R o R 4R
HPFE KN 2~3 mL, AR S T R 3 1 o
PR AN R 2 AS , BEREAS 6] B 90 0F i, A5 JeiiE &
Rk AR OKFAE R, SR MLPA J5 ik AT
IE; #57 h HAZHR KA S, A Sanger 7
AT

2 #R

2.1 Rl

52 {5 BMD/DMD f& JLH, 11 5] BMD & LI
IRFILFZ R HLER G (CK ) 38 5 sl LA R
41 ] DMD L, <3 % 15 ], EZH CK F+i&
WATEAR, BEAENZ; =42 260, HIK
R A=), NEEH, DTS, b4 4]
DMD BILAHITE6 % . 65% . 7% . 8 Z I HIE
TrERXE, 38 fl £ LAT AL R A, SR LI
P E 31 61 (82% ) 5 WLUEPEAE M2 PR F 7
i (18%) .

52 5] BMD/DMD # JL CK /K F ( IE ¥ 5 H
50~310 1U/L) ) #% & (970~337351U/L) , “F
¥ 13333 +83201U/L; 11 4] BMD & JL CK /K
9 970~6370 IU/L, V52704 +1773 IU/L; 41 i
DMD # JL CK 7K *F & 7930~33753 IU/L, F #
15902 + 6408 1U/L. Jifi LA TN AR 2 AL
Bl (ALT) | REEMRAIEHEH M (AST) AN
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52 B L, MLPA BRI H DMD 2 [
S 43 ], b KO Bl ok 52 48 36 i,
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AT MLPA $7 AR A I 4 35 PR 587 14 9 i) 58 LA T
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5] 8 Lad ik WL PR I 4G A BRLEF 4R8P L SRFE | BG4
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e S AR 9&1 Xof 58] 12 ﬁ*?ﬁ o S AR 9&1 Xof 58] 12 ﬁ*?ﬁ
() gl AP S (ShEF) eS| ESUM RS
1 BMD 3~9 del in / 23 DMD 45~52 del out /
2 DMD 3~29 del in / 24 DMD 45~54 del out /
3 DMD  6~13,20~26  del out / 25 DMD 46~47 del out PR
4 DMD 8~18 del out P 26 DMD 48~52 del out PR
5 DMD 8~44 del out / 27 BMD 48~55 del in /
6 BMD 19~44 del in FH 28 DMD 49~50 del out BHM:
7 DMD 20~44 del out / 29 DMD 49~54 del out [{Ef
8 DMD 21,24~25 del out BA 30 DMD 50 del out /
9 BMD 30 del in FH M 31 DMD 50 del out IFF
10 DMD 44 del out / 32 DMD 51~54 del out /
11 BMD 45~47 del in / 33 BMD 52~53 del in FH M
12 BMD 45~47 del in / 34 DMD 53~55 del out /
13 DMD 45-~47 del in / 35 DMD 53~60 del out /
14 BMD 45~48 del in B 36 DMD 53~70 del out /
15 BMD 45~48 del in A 37 BMD 3~7 dup out /
16 DMD 45~48 del in / 38 DMD 5~7 dup out PR
17 DMD 45~48 del in / 39 DMD 6~7 dup out /
18 DMD 45~50 del out B 40 DMD 22~28 dup out /
19 DMD 45~50 del out F 41 DMD 26~45 dup out (R
20 DMD 45~50 del out / 42 DMD  44~45,49~61  dup out /
21 DMD 45,47~52 del out / 43 DMD 50~55 dup in /
22 BMD 45-~51 del in R

TE: del FIRGERAII T BB dup FRFABLFN KR BER 5 in FRIEF GBS H IR s out FIR SR FALRF B FEI 5
A | IR SRR IERIRE,  FAERIR B ET BOR AL

F2 7HIRUNRERILGRFRSEERDNER

G KA GRARN B 5728 G RITUGS SRARFEH] HGMD Wsk  BSRIIESS R
1 DMD AT 32 c.4354C>T p-GIn1452Ter Jo L RAR i YAl
2 DMD AT 31 c.4241delC p.Thr1414Lysfs" (AT G /
3 DMD AT 38 ¢.5404C>T p.GIn1802Ter & = /
4 DMD AR 61 ¢.9033C>T p.Arg3030Ter T X548 i /
5 DMD AR 59 c.8713C>T p.Arg2905Ter T X 5=AR i /
6 DMD SN 54 ¢.8028-2A>G mRNA 54 ByP)RAr G YAl
7 DMD HNET 18 ¢2221T>C p.74111e>Tyr it S A 7 PR

TE: [ FORBEREATRE N AL, IR R EOm AL
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3 itig
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SRITE6 % . 654 . 1% 8 HRERATERE
BMD Iiffi PR RS A, £ L)L CK THE sLIA R
JEEERM, AL CK 7, DMD L CK
K F (13333 +8320 IU/L) % 3 = T BMD & JL
(2704 + 1773 1U/L) , B IE CK T = 2 B 7T g
B %50 BMD A1 DMD., JLF-Frf LA ALT,
AST A[FEFEEERE &, BIE, I PR XA B D PR 4 o
T BT 0 B T BMD 8 DMD W] BE

2 WU % 31F 52 MLPA+NGS W JF 7 ¥ R S EE
B, KRR T 909%™, S LA IS KA L B
T BT ARWF5E K MLPA £ ARX) 52 4]
Ilfi P12 B BMD/DMD 8 LA 7 3 BRRG I, A6z )
43 il L3 DMD FE R F Bk ok ol & 58 4%
K 20N 83%, 5 E N AMIF R 45 SRR (75.2%~

81.8% ) 1M X MLPA 45 5 G 5 % #17 NGS
M, %54 MLPA+NGS J5¥k, L0 H 50 418 L

WU HE R 27, K #0 96% ., MLPA K45 R
e 2848 5 69%, T AN N 13%, 3k
A5 B R 28 AR N 62.000~72.2%, T R

8.8%~13.3% MIZ5IAHIT . o 69% ik AR v
TE 45~55 “SHMiF I HOT X, 35 ek !
RIE R ZE A — 5 A 4 55 LAY 3 R 8 K
AR B R R s A, I R B Sy ML
DMD JEAR . A 2% i) 56 PR T T 24 i A SCik
haER 0L, U0 Juan-Mateu 25 " HE Y 576 HRL
FALAH LB, 5 0.17%; Xu 25 " %) 237 £ i
LI BEFE 2 4 6], 5 Lk 1.68%; T FE AW 5T
AR AL, T Y R 8%, 7E E— 2 fili
NGS H A o F] £ L, FLAGIH 7 ] 2 A
AT IR K278, BRIk i+ 38 ¢.5404C>T(p.
GIn1802Ter) A JC L2 AR REAE EL HRIE ", 4% 6 1%
AR IIUAE HGMD 545 e h JoiiRiE, HILMIGIKER
IR DMD, SR, MLPA+NGS £ AR R GEA
FNEEFEN ST P XKETS . 83T EUE
PEZEAE, XTI R s EE M B ) B, T LA
Kritt—2 112 .

TE 43 BIAFAE R R Brie sk / R B IL, 3
[N & A S g T AR 28 AR (A 15 1], i R 3R A
Hi45 10 524 BMD., 5 525 DMD; & T8 % 58 4%
A 28 i, I R B A7 27 52 DMD ., 1 5l
BMD. 7EiX Z FPAF & [ A 2R I 0 1 86%, 5
WS Sr 7 v T PRt A% 3 0 IO i ) 58T A
RV PX 2 A SR 1 5 681 24 KB T AR A D) 132 AE 42 s D)
A 90.8%", AW5E B itz A8 B ILHH A 96% 1F
A BEEHESLFE ] (4 DMD ) , 5 Juan-Mateu
W RRFGE (90.4% ) ML, MG RAS LT
£ 67% £ RILAESR ) (A4S BMD) , N
& F Juan-Mateu 5 " [ BF 5% (82.4% ) , AIHEE
FEAR /DA o ABESE Hp s o B LS R AL S 1 IR
IR — 5017 100 7 58] 2 2 I U] v I T e g
WA P 3 B ILIAN G T 45~47 Bk ik
A4S, G KRFRAEAT 1 4125 DMD. 2 45 BMD;
4 ) LAY AD - 45~48 BRI R RG 2RAR, 1M
A 258 DMD, 2 {5l BMD. N B 1k B A
&R, 1F Edystrophin W b b i — 25 2 B
Hopth 2 A~ & AL ALY 4 B F 45~47 B AN B
T 45~48 B AR A s, H o O AR
FRI A L 250 1, J5 & 173 i, 4i K24k
F Ml BMD, /0%l DMD., BRI 4h, ABFSE
g 1B AN B F 3~29 Bl LRSS Ah 1 B Ah
T 50~55 T LI ARG 5EAE, (HII R 1 N
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DMD, % 1 #4581 3~7 BE ARSI RAS,
{HIGRFERLA BMD, #340 H AT ARF s iiE, R
XS L PR R 5 PR 3R ISR D) 12 HE 42 Jir ]
AL AT REAT LR JLFD . RTRERE N & F il or F
G AR O TR TE I B B SR -, RS R
538, (HEAE mRNA 8535 7, SEGRAlS
FEPRIRURAF 1 s PRUR TR AR ] RNA R figf4 i3
R EF FERMBEA—, HIHRERAFES
AR5 P AL, AT N T IR SR RS
W, SEGEEEHE, BN ERE, R
T ) S AE SR 0], A I TC T RE BT 2E 4 2 1 1Y
AT A AR B R B e AR T AN B R, A
R PTILZE 4 B L OR BRI R o, A EAT — 2 T
fig ™, RN R G IR AR —5

TE 7 BliyINRAS L, Hor 1 BIRSASEAE
4 BTG L ZEAE B LA R DMD SEdR . 3 5 ] £
JLEL R 9875 37 15 241 7E DMD JE A 1 9~63 41 i 722
], % XA P ZE SR 8 B b gk X, T
. Jo R REUE A R ATA L, 159
T B L2 400 2 1 B 2 5 2P e U DX B 5 g
PR X IR L5 M . H Draviam 45 ' B HGE
PO LR 8 1 B 2 e 2R X ORI R 3k it X () iy
A ZE M LF-H 5 DMD, ABFFE A 1 4
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I RFET R DMD, 2% 58 48 25 530 mRNA 5§4)
S, HFMARA RE s E A A IIRE; S5 11
18 S AN T ¢.2221T>C(p. 74 111e>Tyr) 4 X 58 48
gL, FAH DMD, % 28 28 vl gt & A
HEIIRELE I

b5 X DMD F3 - ist A& 2= A HLRI A58, A
A AT DAGE R B PR IR A2 . X DMD
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KILEN T, ARTEENTINEREA ™, X
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P, 53 SR FBERAY 25 NS-065/NCNP-01 7F
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AR 20 B SCUEF BRI TR A, K
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NI ZRAS, AT5ASRERR AN L5 B0 3 H 5 % 1)
Al RE. IR 2845 n] BE A& A 1E MR IR - 0T A Ak 4
Fitte A I, o AR A AR A BRI A S 4
[F] B AN BB s PRI I e A 3 5500 2 PR 1 2 8 1T 5 2

MIRAS . PRI, T RO (R A b B kA7 7
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I TR 2 W L s/ Ao 1), el B8 LY
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