Supplementary table 1. The genotype of MUSK variations associated with the congenital myasthenic syndrome
	Family ID
	Patient ID
	Variant ID
	Variation
	Domain
	zygosity
	Variant type
	Frequency
1KG|gnomAD
	Prediction
SIFT/PoP2/MT/CADD
	Inheritance
	Class
	Function study
	Published(PMID)

	F1
	P1-2
	V1
	c.114T>A, p.Asp38Glu
	Ig-like 1
	Hom*
	missense
	0|0.00001606
	0.01 (D)/ 0.994 (D)/ 0.999 (D)/ 23.8
	Maternal
	P
	None
	24183479

	F2
	P3
	V1
	c.114T>A, p.Asp38Glu
	Ig-like 1
	Het
	missense
	0|0.00001606
	0.01 (D)/ 0.994 (D)/ 0.999 (D)/ 23.8
	NP
	P
	None
	· 32453097

	
	
	V2
	c.251T>C, p.Leu84Pro
	Ig-like 1
	Het
	missense
	0|0
	0.04 (D)/ 1 (D)/ 1 (D)/ 28.7
	NP
	VUS
	None
	

	F3
	P4-5
	V3
	c.220C>T, p.Arg74Trp
	Ig-like 1
	Het
	missense
	0|0.000004024
	0 (D)/ 0.999 (D)/ 1 (D)/ 28.4
	Paternal
	LP
	None
	31750350

	
	
	V4
	c.422delC, p.Pro141Hisfs*15
	Ig-like 2
	Het
	frameshift
	0|0
	-/-/-/-
	Maternal
	P
	none
	

	F4
	P6
	V5
	c.308A>G, p.Asn103Ser
	Ig-like 1
	Het
	missense
	0.0002|0.00002407
	0.01 (D)/ 0.978 (D)/ 1 (D)/ 25.4
	Maternal
	LP
	Predict affect hydrogen-bond interaction 
	25900532

	
	
	V6
	c.496C>T, p.Arg166*
	Ig-like 2
	Het
	Stop gain
	0|0.000008053
	-/-/1(D)/38
	Paternal
	P
	none
	

	F5
	P7
	V5
	c.308A>G, p.Asn103Ser
	Ig-like 1
	Het
	missense
	0.0002|0.00002407
	0.01 (D)/ 0.978 (D)/ 1 (D)/ 25.4
	Compound
	LP
	None
	32732226

	
	
	V7
	c.2357G>A, p.Trp786*
	Tyrpsine Kinase
	Het
	Stop gain
	0|0
	-/-/1(D)/44
	
	P
	None
	

	F6
	P8-9
	V5
	c.308A>G, p.Asn103Ser
	Ig-like 1
	Hom
	missense
	0.0002|0.00002407
	0.01 (D)/ 0.978 (D)/ 1 (D)/ 25.4
	Paternal/
Maternal
	LP
	None
	32253145

	F7
	P10
	V5
	c.308A>G, p.Asn103Ser
	Ig-like 1
	Hom
	missense
	0.0002|0.00002407
	0.01 (D)/ 0.978 (D)/ 1 (D)/ 25.4
	NP
	LP
	None
	30635923

	F8
	P11
	V8
	c.949T>C, p.Cys317Arg
	Fz Domain
	Het
	missense
	0|0
	0 (D)/ 1 (D)/ 1 (D)/ 27.5
	Paternal
	LP
	ablated MuSK phosphorylation & AChR cluster formation
	31765060

	
	
	V9
	c.1850C>T, p.Ala617Val
	Tyrpsine Kinase
	Het
	missense
	0|0
	0.15 (T)/ 0.685 (PD)/ 0.999 (D)/ 25.6
	Maternal
	LP
	enhances MuSK phosphorylation cause anomalous AChR cluster formation
	

	F9
	P12-16
	V10
	c.1031C>G, p.Pro344Arg
	Fz Domain
	Hom
	missense
	0|0
	0 (D)/ 0.976 (D)/ 1 (D)/ 27
	NP
	LP
	trafficking-deficient & highlyubiquitinated
	19949040; 25562515

	F10
	P17
	V11
	c.1742T>A, p.Ile581Asn
	Tyrpsine Kinase
	Hom
	missense
	0|0
	0 (D)/ 1 (D)/ 1 (D)/ 29.3
	Paternal/
Maternal
	
	None
	29704306

	F11
	P18
	V12
	c.1634T>C, p.Leu545Pro
	/
	Het
	missense
	0|0.00002008
	0 (D)/ 0.999 (D)/ 1 (D)/ 29.4
	Paternal
	LP
	None
	29704306

	
	
	V6
	c.496C>T, p.Arg166*
	Ig-like 2
	Het
	Stop gain
	0|0.000008053
	-/-/1(D)/38
	Maternal
	P
	None
	

	F12
	P19
	V5
	c.308A>G, p.Asn103Ser
	Ig-like 1
	Hom**
	missense
	0.0002|0.00002407
	0.01 (D)/ 0.978 (D)/ 1 (D)/ 25.4
	NP
	LP
	None
	29704306

	F13
	P20
	V13
	c.2180C>T, p.Ala727Val
	Tyrpsine Kinase
	Het
	missense
	0|0
	0(D)/ 0.999 (D)/ 1 (D)/ 29
	NP
	LP
	/ in other paper
	29704306

	
	
	V14
	c.2368G>A, p.Val790Met
	Tyrpsine Kinase
	Het
	missense
	0|0.0002287
	0 (D)/ 1 (D)/ 1 (D)/ 28.2
	NP
	LP
	/ in other paper
	29704306

	F14
	P21-34
	V15
	c.1724T>C, p.Ile575Thr
	Tyrpsine Kinase
	Hom
	missense
	0|0.00001607
	0(D)/ 0.999 (D)/ 1 (D)/ 27.7
	Paternal/
Maternal
	P
	blocks MUSK-dependent motor endplate formation
	25537362

	F15
	P35
	V15
	c.1724T>C, p.Ile575Thr
	Tyrpsine Kinase
	Het
	missense
	0|0.00001607
	0(D)/ 0.999 (D)/ 1 (D)/ 27.7
	NP
	LP
	None
	32070632

	
	
	V16
	c.2365G>A, p.Gly789Ser
	Tyrpsine Kinase
	Het
	missense
	0|0
	0 (D)/ 1 (D)/ 1 (D)/ 28.5
	NP
	LP
	None
	

	F16
	P36
	V15
	c.1724T>C, p.Ile575Thr
	Tyrpsine Kinase
	Het
	missense
	0|0.00001607
	0(D)/ 0.999 (D)/ 1 (D)/ 27.7
	Compound
	LP
	None
	31974414

	
	
	V17
	c.2408A>G, p.Tyr803Cys
	Tyrpsine Kinase
	Het
	missense
	0|0
	0 (D)/ 1 (D)/ 1 (D)/ 29.1
	Compound
	VUS
	None
	

	F17
	P37
	V13
	c.2180C>T, p.Ala727Val
	Tyrpsine Kinase
	Het
	missense
	0|0
	0(D)/ 0.999 (D)/ 1 (D)/ 29
	Paternal
	LP
	impair agrin dependent MuSK phosphorylation, aggregation AChRs & interaction of MuSK with Dok-7
	20371544

	
	
	V18
	c.1815G>A, p.Met605Ile
	Tyrpsine Kinase
	Het
	missense
	0|0.000004014
	0.08 (T)/ 0.489 (PD)/ 1 (D)/ 32
	Maternal
	LP
	
	

	F18
	P38
	V19
	c.1948C>A, p.Pro650Thr
	Tyrpsine Kinase
	Het
	missense
	-|0.000004037
	0(D)/ 0.765 (PD)/ 1 (D)/ 25
	Maternal
	LP
	None
	27588369

	
	
	V20
	c.2384T>G, p.Ile795Ser
	Tyrpsine Kinase
	Het
	missense
	0|0
	0.01(D)/ 0.999 (D)/ 1 (D)/ 29.1
	Paternal
	LP
	None
	

	F19
	P39
	V21
	c.2062C>T, p.Gln688*
	Tyrpsine Kinase
	Het
	Stop gain
	0|0
	-/-/1 (D)/ 34
	Paternal
	P
	None
	32373561

	
	
	V22
	c.2324T>C, p.Phe775Ser
	Tyrpsine Kinase
	Het
	missense
	0|0
	0 (D)/ 0.999 (D)/ 1 (D)/ 29.4
	Maternal
	LP
	None
	

	F20
	P40
	V23
	c.2158A>G, p.Lys720Glu
	Tyrpsine Kinase
	Het
	missense
	0|0.000004013
	0 (D)/ 0.999 (D)/ 1 (D)/ 27.2
	Compound
	LP
	None
	25695962

	
	
	V24
	c.79+2T>G
	Ig-like 1
	Het
	splice
	0|0.00004013
	-/-/-/33
	
	P
	None
	

	F21
	P41
	V24
	c.79+2T>G
	Ig-like 1
	Het
	splice
	0|0.00004013
	-/-/-/33
	Compound
	P
	None
	31920924

	
	
	V25
	c.2165T>C, p.Val722Ala
	Tyrpsine Kinase
	Het
	missense
	0|0
	0.02 (D)/ 0.998 (D)/ 1 (D)/ 25.1
	
	LP
	None
	

	F22
	P42-43
	V26
	c.2287G>A, p.Ala763Thr
	Tyrpsine Kinase
	Het
	missense
	0|0.00009637
	0 (D)/ 1 (D)/ 1 (D)/ 26.5
	Paternal
	LP
	None
	30719842

	
	
	V27
	c.2446C>T, p.Arg816*
	Tyrpsine Kinase
	Het
	Stop gain
	0|0.00000806
	-/-/1 (D)/39
	Maternal
	P
	None
	

	F23
	P44
	V14
	c.2368G>A, p.Val790Met
	Tyrpsine Kinase
	Het
	missense
	0|0.0002287
	0 (D)/ 1 (D)/ 1 (D)/ 28.2
	Maternal
	LP
	diminished expression & stability of MuSK , decreased agrin-dependent AChR aggregation
	15496425

	
	
	V28
	c.220dupC, p.Arg74Profs*20
	Ig-like 1
	Het
	frameshift
	0|0
	-/-/-/33
	Paternal
	LP
	absence of MuSK expression
	

	F24
	P45
	V24
	c.79+2T>G
	Ig-like 1
	Het
	splice
	0|0.00004013
	-/-/-/33
	compound
	LP
	
	30429133

	
	
	V14
	c.2368G>A, p.Val790Met
	Tyrpsine Kinase
	Het
	missense
	0|0.0002287
	0 (D)/ 1 (D)/ 1 (D)/ 28.2
	
	LP
	/ in other study
	

	F25
	P46
	V29
	c.2503A>G, p.Met835Val
	Tyrpsine Kinase
	Hom
	missense
	0|0
	0 (D)/ 0.992 (D)/ 1 (D)/ 23.9
	Paternal/
Maternal
	LP
	alters agrin-dependent AChR aggregation, decrease Musk agrin- and Dok-7-dependent phosphorylation
	23326516

	F26
	P47-48
	V30
	c.467delA, p.Lys156Argfs*20
	Ig-like 2
	Het
	frameshift
	0|0
	-/-/-/-
	NP
	P
	None
	24122059

	
	
	V14
	c.2368G>A, p.Val790Met
	Tyrpsine Kinase
	Het
	missense
	[bookmark: _GoBack]0|0.0002287
	0 (D)/ 1 (D)/ 1 (D)/ 28.2
	
	LP
	/ in other study
	

	F27
	P49
	V31
	c.790C>T, p.Arg264*
	Ig-like 3
	Het
	Stop gain
	0|0.0000241
	-/-/1 (D)/36
	Maternal
	P
	None
	33800913

	
	
	V32
	c.1003_1006delGTTT, p.Val335Phefs*24
	Fz Domain
	Het
	frameshift
	0|0
	-/-/-/-
	Paternal
	P
	None
	

	F28
	P50-54
	V33
	c.40dupA, p.Thr14Asnfs*9
	/
	Hom
	frameshift
	0|0.00003612
	-/-/-/31
	Paternal/
Maternal
	LP
	None
	25612909

	F29
	P55
	V34
	Exon3 deletion
	/
	Hom
	Small deletion
	/
	/
	
	
	None
	29947050

	F30
	P56
	V35
	c.1043A>C, p.Gln348Pro
	Fz Domain
	Het
	Missense
	0|0
	0.028 (D)/ 1 (D)/ 1 (D)/ 27.1
	Maternal
	LP
	Decreased interaction with LRP4 & DOK7 
	This study

	
	
	V36
	c.2360C>T, p.Ala787Val
	Tyrpsine Kinase
	Het
	missense
	0|0
	0.002 (D)/ 0.999 (D)/ 1 (D) / 31
	Paternal
	LP
	Decreased interaction with DOK7
	


Annote: *, with exon 2-3 deletion; **, with 21Mb homozygosity block; NP, not reported; AchR, acetylcholine receptor; 1KG, 1000 Genomes database; PoP2, PolyPhen 2, MT, MutationTaster; CADD, Combined Annotation Dependent Depletion; T, tolerated; D, deleterious or probably_damaging or disease causing; PD, possibly_damaging; none, no functional study for the variant.  


Supplementary table2. The clinical features of patients with different type MUSK variants
	Family ID
	Patient ID
	Gender
	Variants type;
Domain of MV
	Clinical manifestation
	Onset age
	Diagnosis age
	Treatment and outcome

	F1
Turkish
	P1
	Male
	MV+TV; Ig like
	fatigable limb weakness
	3.5y
	16 year
	salbutamol improvement, esterase inhibitors no benefit; alive

	
	P2
	Male
	MV+TV; Ig like 
	fatigable limb weakness
	9m
	13 year
	salbutamol improvement, esterase inhibitors no benefit; alive

	F2
Spanish
	P3
	Male
	MV+MV; Ig like+ Ig like
	ophthalmoplegia and late-onset-limb weakness
	second decade
	51 year
	ephedrine & 3,4-diaminopyridine improvement; alive

	F3
Chinese
	P4-5
	/
	MV+TV; Ig like
	fetal akinesia deformation sequence
	GW 24+6/7
	GW 24+6/7
	TOP; died

	F4
German
	P6
	Male
	MV+TV; Ig like
	Predominant bulbar and respiratory weakness with facial and axial weakness and ophthalmoparesis
	Neonatal period
	4 year
	Salbutamol-improvement, pyridostigmine- deterioration; alive

	F5
	P7
	/
	MV+TV; Ig like
	fetal akinesia
	GW 38
	GW 38
	TOP; died

	F6
Chinese
	P8
	Female
	MV+MV; Ig like+ Ig like
	bulbar weakness, atrophy of bilateral temporalis & masticatory muscles
	Childhood
	42 year
	salbutamol mild improvement; alive

	
	P9
	Female
	MV+MV; Ig like+ Ig like
	Worsen during pregnancy like dysohagia & choked
	27 year
	40 year
	didn’t receive any treatment; alive

	F7
	P10
	Female
	MV+MV; Ig like+ Ig like
	required support to climb stairs, progressive non-fatigable limb-girdle weakness
	13 year
	22 year
	unresponsive to pyridostigmine, partially responsive to salbutamol; alive

	F8
	P11
	Female
	MV+MV; Fz+ TK
	hypotonia, severe muscle weakness, respiratory problems
	At birth
	18 year
	Salbutamol; alive

	F9
Sudanese
	P12
	Male
	MV+MV; Fz +Fz
	Ptosis, muscle weakness, lordosis
	1-3 year
	19.5 year
	Pyridostigmine slight benefit; alive

	
	P13
	Male
	MV+MV; Fz +Fz
	Ptosis, muscle weakness, waddling gait
	1-3 year
	18.5 year
	The same as above

	
	P14
	Male
	MV+MV; Fz +Fz
	Ptosis, muscle weakness, lordosis
	1-3 year
	16 year
	The same as above

	
	P15
	Female
	MV+MV; Fz +Fz
	Ptosis, muscle weakness
	1-3 year
	13 year
	The same as above

	
	P16
	Female
	MV+MV; Fz +Fz
	Ptosis, muscle weakness
	1-3 year
	9 year
	The same as above

	F10
India
	P17
	Male
	MV+MV; TK+ TK
	proximal fatigue & weakness
	12 year
	20 year
	Salbutamol, pyridostigmine; alive

	F11
India
	P18
	Male
	MV+TV; / 
	ptosis, facial weakness, & central tongue atrophy
	18 year
	24 year
	Salbutamol; alive

	F12
Brazi
	P19
	Female
	MV+MV; Ig like+ Ig like
	bilateral ptosis, facial weakness & difficulty walking
	Neonatal period
	41 year
	Salbutamol, Fluoxetine; alive

	F13
Portugal
	P20
	Female
	MV+MV; TK+ TK
	ptosis, facial & limb weakness
	17 year
	39 year
	Fluoxetine, 3,4 -DAP; alive

	F14
Dutch
	P21
	Female
	MV+MV; TK+ TK
	FADS
	Gw 41
	<2h pp
	died

	
	P22
	Female
	MV+MV; TK+ TK
	FADS
	Gw 33+4/7
	<1h pp
	died

	
	P23
	Female
	MV+MV; TK+ TK
	FADS
	Gw 34
	<1h pp
	died

	
	P24
	Male
	MV+MV; TK+ TK
	FADS
	Gw 38+1/7
	5d pp
	died

	
	P25
	Male
	MV+MV; TK+ TK
	FADS
	Gw 38+4/7
	<1h pp
	Died

	
	P26
	Female
	MV+MV; TK+ TK
	FADS
	Gw 33+1/7
	
	Still-born

	
	P27
	Male
	MV+MV; TK+ TK
	FADS
	Gw 35
	<1h pp
	Died

	
	P28
	Male
	MV+MV; TK+ TK
	FADS
	Gw 23
	
	TOP

	
	P29
	Male
	MV+MV; TK+ TK
	FADS
	Gw 37
	<1h pp
	Died

	
	P30
	Male
	MV+MV; TK+ TK
	FADS
	Gw 32+2/7
	<1h pp
	Died

	
	P31
	Female
	MV+MV; TK+ TK
	FADS
	Gw 22
	
	TOP

	
	P32
	Female
	MV+MV; TK+ TK
	FADS
	Gw 31
	2h pp
	died

	
	P33
	Female
	MV+MV; TK+ TK
	FADS
	Gw 35+6/7
	4d pp
	Died

	
	P34
	Male
	MV+MV; TK+ TK
	FADS
	Gw 23
	
	TOP

	F15-
Slovenia
	P35
	Male
	MV+MV; TK+ TK
	birth asphyxia, ptosis, hypotonia, feeding difficulties, lumbal lordosis,Inspiratory stridor
	Neonatal period
	5 year
	3,4-DAP, Pyridostigmine; alive

	F16
	P36
	/
	MV+MV; TK+ TK
	fetal akinesia sequence
	Prenatal period
	Fetus
	/; died

	F17
	P37
	Female
	MV+MV; TK+ TK
	hypotonia, respiratory failure; weakness
	At birth
	19 year
	albuterol sulfate; alive

	F18
Chinese
	P38
	Male
	MV+MV; TK+ TK
	chronic progressively proximal limb weakness
	8 year
	30 year
	Salbutamol; alive

	F19
Chinese
	P39
	Female
	MV+MV; TK+ TK
	respiratory failure
	At birth
	50 day
	Neostigmine, pyridostigmine bromide; died

	F20
	P40
	Female
	MV+TV; TK
	hypotonia & respiratory distress
	At birth
	8 year
	Pyridostigmine, 3,4-DAP; alive

	F21
	P41
	Female
	MV+TV; TK
	respiratory distress, congenital vocal cord paralysis
	At birth
	30 year
	Albuterol; alive

	F22
Asian
	P42
	Male
	MV+MV; TK+ TK
	stridor, vocal cord paralysis
	At birth
	22 months
	Not received medical therapy; alive

	
	P43
	Male
	MV+MV; TK+ TK
	respiratory distress, stridor, vocal cord paralysis
	At birth
	6 year
	Not received medical therapy, got tracheostomy; alive

	F23
	P44
	Female
	MV+TV; TK
	ptosis & respiratory distress; masticatory difficulties, swallowing disturbances and nasal voice during pregnancy
	Neonatal period
	27 year
	Pyridostigmine, 3,4-DAP; Alive

	F24
Caucasian
	P45
	Male
	MV+TV; TK
	Obstructive sleep apnoea , hypoventilation, hypercapnic respiratory failure; stridor, ptosis, vocal cord paralysis
	At birth
	55 year
	home ventilator; alive

	F25
Iranian
	P46
	Male
	MV+MV; TK+ TK
	congenital and fluctuating bilateral symmetric ptosis, upward gaze palsy, slowly progressive muscle weakness leading to loss of ambulation
	At birth
	18 year
	Pyridostigmine not successful; died at 19 year

	F26
Italian
	P47
	Female
	MV+TV; TK
	laryngeal stridor and respiratory failure
	At birth
	27 year
	Pyridostigmine worsen, 3,4-DAP mild; alive

	
	P48
	Male
	MV+TV; TK
	fluctuating eyelid ptosis
	At birth
	29 year
	Not treatment; alive

	F27
	P49
	/
	TV+TV; 
	Bilateral pleural effusion; hydroderma; anhydramnios
	Prenatal period
	fetus
	TOP; died

	F28
	P50
	Female
	TV+TV; /+ /
	FADS
	Gw 27
	
	Died

	
	P51
	Female
	TV+TV; /+ /
	FADS
	Gw 30
	
	Still born

	
	P52
	Male
	TV+TV; /+ /
	FADS
	Gw 18
	
	TOP

	
	P53
	Male
	TV+TV; /+ /
	FADS
	Gw 18
	
	TOP

	
	P54
	Female
	TV+TV; /+ /
	FADS
	Gw 17
	
	TOP

	F29
	P55
	/
	TV+TV
	/
	Prenatal period
	fetus
	died

	F30
Chinese
	P56
	Female
	MV+MV; Fz+TK
	congenital laryngeal achondroplasia, respiratory failure
	At birth
	11 months
	Died



Annote: MV, missense variants; TV, truncating variants including nonsense variants, frameshift variants, splice donor variants and small deletion; TOP, termination of pregnancy; GW, gestational week; 3,4-DAP, 3,4 diaminopyridine; TK, Tyrpsine Kinase; pp, postpartum; FADS, fetal akinesia deformation sequence; the publisd id were used in supplementary table 1.




[image: ]supplemental figure 1. Expression and stability of wild-type and mutants of MUSK in HEK293T cells. Transfected HEK293T cells were treated with cycloheximide (CHX) at 0 min, 30 min, 60 min, and 90 min. To observe the effects of a proteasomal inhibitor, MG132 was treated at different times. CHX plus MG132 (MG132 was treated 1 hour before adding CHX) were also observed. There is no significant difference between the wild type and the two mutants.
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