Ex vivo skeletal muscle and NMJ functional test in MATERIALS AND METHODS
The skeletal muscle and NMJ functional test were performed by the ex vivo muscle functional test system (800A, Aurora Scientific Inc, Newmarket, Canada) according to previous methods (Fig. S1A) 1-4. To preserve intact nerve terminals and NMJ structure well, triceps surae-sciatic nerve was used to test muscle and NMJ function. To reduce the excitatory phase of anesthesia, a brief anesthesia was induced with isoflurane, followed with a long-lasting anesthesia induced and maintained with intraperitoneal injections of Na+ pentobarbital (1.5 mg/mouse) 5.
To increase the chance of detecting a deficit in NMJ function, optimal stimulation frequency and current were needed to maximally stress the neuromuscular system. SAMP8 at 6 months old were used to confirm the optimum parameter values. Three different frequencies were tried to trigger triceps surae contraction. 50Hz was found optimal to induce the maximal contraction by stimulating muscle and sciatic nerve. At 80Hz of nerve stimulation, there was an obvious slope at the platform of the oscillograph, indicating this frequency was too high in nerve tetanic stimulation. As a result, 50Hz was determined as the optimum frequency of stimulation (Fig. S1B and C). To confirm the optimal stimulation current value, 100mA, 300mA and 1000mA were used to induce triceps surae contraction by directly stimulating the muscle and 300mA was found appropriate to trigger the maximal contraction. Therefore, 300mA was determined as the optimum current to stimulate the muscle directly (Fig. S1D and E). 1mA, 5mA, 10mA and 100mA were applied to induce triceps surae contraction by stimulating the sciatic nerve and 5mA was able to trigger the maximum muscle contraction. Hence, 5 mA was determined as the optimum current to stimulate the sciatic nerve (Fig. S1F and G).
Under the optimal length (L0), the muscle and nerve were stimulated separately by a single stimulus with 1 min interval to assess the twitch characteristic (muscle stimulus: 300 mA, 0.2 ms pulse width; nerve stimulus: 5 mA, 0.8 ms pulse width). After 1 min, the muscle and nerve were electronically stimulated separately by a tetanic stimulus with 2 min interval to evaluate the tetanic characteristic (muscle stimulus: 300 mA, 300 ms duration, 0.2 ms pulse width, 50 Hz stimulation frequency; nerve stimulus: 5 mA, 300 ms duration, 0.8 ms pulse width, 50 Hz stimulation frequency). Two separate consecutive 100 cycles with a rest time of 0.7s each of tetanic stimulus of only direct muscle stimulation or sciatic nerve stimulation at 50 Hz were performed to investigate fatigue characteristics. The order of stimulation was randomized (muscle or sciatic nerve) for each sample and a 15 min rest was used between trials. Neurotransmission failure and intra-tetanic fatigue of muscle and NMJ could be generated from the two separate consecutive tetanic pulse trainings 2.
After completing the ex vivo functional test, CSA was calculated by dividing the wet weight of triceps surae muscle by L0 and the density of mammalian skeletal muscle (1.06 mg/mm3).
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Fig. S1 Validating the optimal stimulation frequency and current intensity in ex vivo NMJ and muscle function test 
(A) Apparatus to assess ex vivo NMJ and muscle function test. Two parallel electrodes could stimulate muscle contraction directly. The suction electrode could induce muscle contraction indirectly by stimulating the sciatic nerve. (B) n=4. 50Hz was optimal to induce the maximal contraction by stimulating muscle and sciatic nerve. (C) As shown in oscillographs, a significant slope at the platform was observed in the oscillograph of nerve stimulation at 80Hz. (D) n=4. 300mA was sufficient to trigger the maximal contraction by directly stimulating the muscle. (E) As shown in oscillographs, no obvious differences of the platform in the oscillograph were observed between 300mA and 1000mA of muscle stimulations. (F) n=4. 5mA was sufficient to trigger the maximum muscle contraction by stimulating the sciatic nerve. (G) As shown in oscillographs, no obvious differences of the platform in the oscillograph were observed among 5mA, 10mA and 1000mA of nerve stimulations.

Histological and immunofluorescence analysis in MATERIALS AND METHODS
Gastrocnemius of mice were cryo-sectioned for histological examination. Muscle samples sectioned at 10 μm thick were subjected to Dok7 staining for evaluation of Dok7 distribution along with AChRs and MHC staining for muscle fiber typing based on our previous protocol 6. Primary antibodies against AChRs (α-bungarotoxin (α-BTX), Alexa Fluro 555 conjugate (B35451 at 1:200, Thermo scientific, USA) and Dok7 (PA5-95620 at 1:100, Thermo scientific, USA) were mixed to form the primary antibody cocktail. Secondary antibody Alexa Fluor 488 (A27034, Thermo scientific, USA) was diluted at 1:1000. Digital images of Dok7 along with AChRs were taken with a confocal laser-scanning microscope (Carl Zeiss LSM 880) at 63x magnification. Primary antibodies against MHC I (BA-F8, Developmental Studies Hybridoma Bank, USA), MHC IIa (SC-71, Developmental Studies Hybridoma Bank, USA) and MHC IIb (BF-F3, Developmental Studies Hybridoma Bank, USA) were mixed to form the primary antibody cocktail (4μg/ml). Secondary antibodies including Alexa Fluor 350 IgG2b, Alexa Fluor 488 IgG1 and Alexa Fluor 555 IgM (4μg/ml, Thermo scientific, USA) were diluted and mixed to form the secondary antibody cocktail. Slides were visualized with a fluorescence microscope (Leica, DM 6000B upright microscope, Leica-microsystem, GmbH, Werzlar, Germany) at 20x magnifications.
Whole mount extensor digitorum longus (EDL) of mice was stored in 4% PFA at 4℃ for a minimum of 24 h prior to NMJ staining according to previous protocols 7,8. Primary antibodies against AChRs (B35451 at 1:200, Thermo scientific, USA), synaptophysin (MA1-213 at 1:200, Thermo scientific, USA) and neurofilament (837904 at 1:100, Biolegend, USA) were mixed to form the primary antibody cocktail. Secondary antibody Alexa Fluor 488 (A21121, Thermo scientific, USA) was diluted at 1:500. Digital images of NMJ from whole EDL were taken with a confocal laser-scanning microscope (Carl Zeiss LSM 880) at 63x magnification. Only en face NMJ images were used for further analysis with Image J software (NIH, Bethesda, USA).
For the evaluation of AChRs cluster formation in vitro, fully differentiated myotubes were incubated with Alexa Fluro 555 conjugated α-BTX (B35451, 1:500 at differentiation medium, Thermo scientific, USA) for 1 h at 37℃ in dark. Cells were then fixed with 4% PFA and mounted with Prolong Gold antifade reagent with DAPI (Invitrogen, CA, USA). The stained cells were analyzed with a confocal laser-scanning microscope (Carl Zeiss LSM 880) at 40x magnification. AChR clusters were quantified using ImageJ software and only AChR clusters with area >10 μm2 were counted.
Human vastus lateralis muscle biopsies were cryo-sectioned for immunofluorescence analysis. Muscle samples were sectioned at 10 μm thick. Primary antibodies against AChRs (B35451 at 1:200, Thermo scientific, USA), SV2 (Synaptic vesicle glycoprotein 2A at 1:200, DSHB, USA) and 2H3 (neurofilament (NF-M) at 1:100, DSHB, USA) were mixed to form the primary antibody cocktail. Secondary antibody Alexa Fluor 488 (A21121, Thermo scientific, USA) was diluted at 1:500. Digital images of NMJ from muscle section were taken with a confocal laser-scanning microscope (Carl Zeiss LSM 880) at 100x magnification. Only en face NMJ images were used for further analysis with Image J software (NIH, Bethesda, USA).

Isolation of primary myoblasts in MATERIALS AND METHODS
To investigate the relationship of LMHFV, NMJ degeneration, muscular sarcopenia, Dok7 and ERK1/2 in vitro, primary myoblasts were isolated from skeletal muscle tissues of SAMP8 according to previous protocols 9-11. 
TA, EDL and gastrocnemius from both hind limbs were dissected and minced in PBS. After removing the supernatant, muscle tissues were incubated in collagenase II-CaCl2 solution (400 U/mL of collagenase II and 2.5 mM CaCl2 in ultra-pure water) at 37°C up to 60 min. Digested tissues were centrifuged at 443 × g for 3 min at room temperature and the supernatant was removed. 0.25% trypsin was added and incubated with tissues at 37°C up to 30 min. Muscle solution was filtered through a 70 μm strainer and centrifuged at 443 × g for 5 min to pellet the cells which were dissolved into growth medium (20% FBS, 10% non-heat inactivated horse serum (nh-HS), 1% penicillin-streptomycin-neomycin (PSN), 1% α-glutamine and 2.5 ng/mL of recombinant human basic fibroblast growth factor (bFGF) in F12 medium). Cellular mixtures were seeded onto the Matrigel pre-coated T25 flask and kept in the incubator at 37°C for 72 h. After 72 h, growth medium was changed every two days until 70% confluence. Adherent cells were detached by 0.05% trypsin and collected with 5ml growth medium. Mixed cells were transferred onto non-coated T25 flask and placed at 37°C for 1 h. Supernatant was transferred to a new Matrigel pre-coated T25 flask and marked as P1. Pax7 and MyoD are highly expressed in myoblasts 12. With the co-staining of nucleus (DAPI, Invitrogen, CA, USA), Pax7 (ab199010 at 1:200, Abcam, UK, with Alexa Fluor 488 (A21121, Thermo scientific, USA) at 1:500) and MyoD (ab203383 at 1:100, Abcam, UK, with Alexa Fluor 555 (A21428, Thermo scientific, USA) at 1:500), the purity of myoblasts could be up to 98±2% (Fig.S3). To obtain good quality of myotubes, differentiation medium (2% nh-HS in low-glucose DMEM medium) was added when myoblasts reached 85–95% confluence.
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Fig. S2 Myoblast purity assessment
n=10 fields. With the co-staining of nucleus, Pax7 and MyoD, the purity of myoblasts was up to 98±2%.


NMJ function in SAMP8 of 3-6 months old and 8-12 months old
[image: ]
Fig. S3 NMJ function in SAMP8 of 3-6 months old and 8-12 months old 
(A and B) n=5-6. In SAMP8 mice, neurotransmission failure showed no significant differences between 3 and 6 months old and from 8 to 12 months old. (C and D) n=5-6. No significant differences were observed in intra-tetanic fatigue of both muscle and nerve stimulations between 3 and 6 months old in SAMP8 mice. (E and F) n=5-6. In SAMP8 mice from 8 to 12 months old, intra-tetanic fatigue of both muscle and nerve stimulations showed no significant differences.


MuSK and ERK1/2 phosphorylation in myotubes with Dok7 knocked down
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Fig.S4 MuSK and ERK1/2 phosphorylation in myotubes with Dok7 knocked down 
(A) Cropped western blots of MuSK and GAPDH in sh-NC and sh-Dok7 groups. (B) n=3. Knocking down Dok7 significantly increased MuSK (p<0.01). (C) Cropped western blots of p-ERK1/2, ERK1/2 and GAPDH in sh-NC and sh-Dok7 groups. (D) n=3. Knocking down Dok7 significantly reduced ERK1/2 phosphorylation (p<0.05).

Table. S1 Patient information of recruited muscle biopsy
	Patient ID
	Age (yr)
	Gender
	Height (cm)
	Weight (kg)
	Grip strength (N)
	ASMI (kg/m2)
	Sarcopenia status

	1
	69
	Female
	162
	65.3
	26
	5.21
	Non-sarco

	2
	90
	Female
	155
	36.5
	10
	4.97
	Sarco

	3
	87
	Male
	158
	54
	14
	4.79
	Sarco

	4
	74
	Female
	154
	50
	13
	4.76
	Sarco

	5
	83
	Female
	148
	46.8
	16
	6.72
	Non-sarco



Table. S2 Primer sequences for RT-PCR
	Gene
	Sequence(5'to3')

	GAPDH
	F: 5’-TGGCCTTCCGTGTTCCTAC-3’
R: 5’-GAGTTGCTGTTGAAGTCGCA-3’

	AChR-α
	F: 5’-CTCTCGACTGTTCTCCTGCTG-3’
R: 5’-GTAGACCCACGGTGACTTGTA-3’

	AChR-δ
	F: 5’-GAATGAGGAACAAAGGCTGATCC-3’
R: 5’-GGTGAGACTTAGGGCGACAT-3’

	MuSK
	F: 5’-TACAGAGGGGAGGTGTGTGAT-3’
R: 5’-TCCCGGTAGGAGGTGTTGAA-3’

	Rapsyn
	F: 5’-GGCAGGACCAGACAAAGCAA-3’
R: 5’-CGAGTGAGCTGTTACCAAGCA-3’

	Dok7
	F: 5’-ATGCTGGTCTACAAGGACAAATG-3’
R: 5’-AGCTACTGTCACATGGAACCT-3’

	Atrogin-1
	F: 5’-CAGCTTCGTGAGCGACCTC-3’
R: 5’-GGCAGTCGAGAAGTCCAGTC-3’

	MuRF-1
	F: 5’-CCAGGCTGCGAATCCCTAC-3’
R: 5’- ATTTTCTCGTCTTCGTGTTCCTT-3’
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