Supplementary Methods
1. TUNEL assay

A TUNEL assay (Terminal dUTP Nick End-Labeling) (Roach Applied Sciences Indianapolis, IN) was used for the detection of DNA fragmentation present in apoptotic nuclei. 8µm thick tissue sections were fixed in 4% PFA (pH 7.4) for 20 minutes at room temperature followed by permeabilisation for two minutes at 4°C in 0.1% Triton X-100, 0.1% sodium citrate in PBS. The TUNEL reaction mixture was prepared as per manufacturer’s instructions immediately prior to use. Slides were incubated in TUNEL reaction mixture for 1 hour at 37°C in a dark humidified chamber. A DNase I treated muscle section served as a positive staining control (20U/ml DNAse I, 1x DNAse I reaction buffer (Invitrogen Cat Number 18068-015) and 1mg/ml BSA; for 10 minutes at RT prior to TUNEL labelling). Nuclei were counter-stained with Hoescht (33342) (1:1000 dilution) nuclei dye for 5 minutes at RT. Slides were then washed in PBS and mounted using Immu-mount (Thermo Scientific). Up to 4 random fields were imaged and analysed for each specimen. All images were taken at 200x magnification and equal exposure.


2. Western blot for mitochondrial proteins

For the detection of mitochondrial proteins 5µg of protein was separated on a NuPAGE® 10% Bis-Tris Precast gel (1mm thick, Novex, Life Technology) in MOPS-SDS buffer (50mM MOPS, 50mM Tris base, 0.1% SDS, 1mM EDTA). After transfer onto PVDF membranes blots were probed with MitoProfile®Total OXPHOS Human WB Antibody Cocktail (Abcam Cat. Number ab110411), mouse anti-Porin antibody (Life technology, Cat. Number 456000) and rabbit anti-α-actinin 2 antibody (Clone 4A3, gift from A. Beggs, Children's Hospital Boston ) diluted at 1:1000, 1:10000 and 1:250 000 in 5% BSA in Tris buffered saline with 0.1% Tween-20, respectively. Primary antibody binding was detected using HRP-conjugated secondary antibodies and an ECL chemo-luminescence detection system (Amersham Biosciences).

3. Cell culture models
To generate the WT-βTPM2 EGFP (enhanced green fluorescent protein) and the p.K7del-βTPM2 EGFP constructs, we amplified the human muscle specific isoform of TPM2 using the following primer sequences that contain Xho I and Eco RI restriction sites (5’GCGCGCCTCGAGAGCCATGGACGCCATCAA3’ / 5’GCGCGCGAATTCGGAGGGAGGTGATGTCATTGAG3’), respectively. The amplified product (870 bp) and a blank EGFP plasmid containing a kanamycin cassette were ligated using T4 DNA ligase (Invitrogen) and electroporated into Escherichia coli DH5α electrocompetent cells. C2C12 cell culture and transfection was performed as previously described [Ilkovski et al., 2004]. Myoblasts were differentiated by incubation in mitogen-poor differentiation media containing DMEM:F12 (1:1 ratio), 3% v/v heat-inactivated horse serum (HS) and 0.5 × Insulin-Selenium-Transferrin (IST). 

4. The in-vitro motility assay (IVMA).
We compared the effect of recombinant wild-type and K7del-βTm by the in-vitro motility assay (IVMA), which measures the Ca2+-regulation of movement of single thin filaments over immobilized myosin [Fraser et al., 1995; Bing et al., 1997]. Flow cells were constructed from a microscope slide and siliconized coverslip (washed in 0.2% dichloromethylsilane in chloroform). Fluorescently labelled F-actin, Tm and troponin were mixed and incubated at a 10 × working concentration for 15 mins at 4 ◦C. Heavy meromyosin (HMM; 100 μl of 0.2 mg/ml) was infused into the flow cell, followed by 100 μl of thin filament mixture (10 nM phalloidin-actin, troponin and βTm between 10 and 100 nM). The fraction of moving thin filaments and their velocities were analysed in 50 mM KCl, 25 mM imidazole, 4 mM MgCl2, 1 mM EDTA, 5 mM DTT, 0.5 mg/ml BSA, 0.1 mg/ml glucose oxidase, 0.02 mg/ml catalase, 3mg/ml glucose, 0.5% w/v methylcellulose, 5 mM Ca2+/EGTA buffer, 1 mM MgATP and βTm at appropriate concentration. Filament movement was automatically tracked and recorded as previously described [Marston et al., 1996]. The Ca2+-concentration dependency data were fitted to the 4-parameter Hill equation: y = a+Xmax [Ca2+ ]n/(EC50 +[Ca2+]n) [Messer et al., 2007; Marttila et al., 2012]. 

5. Actin-Tm binding assay
We investigated the effects of the K7del mutation on βTm-actin binding using an actin-Tm co-sedimentation assay based on previously described methods [Mirza et al., 2007]. Reagents and >99% pure rabbit skeletal actin were purchased from Cytoskeleton, Denver, CO (Cat. # BK001) and filamentous actin was prepared as suggested by the manufacturer. Prior to co-sedimentation any protein aggregates in the Tm protein stocks were removed by centrifugation at 150,000 × g in a Beckman TLA 120.2 rotor for 1 hour at 4 °C followed by measurements of protein concentration using Pierce BCA protein assay (Thermo Scientific, Rockford, IL, USA). 18µM filamentous actin was incubated with 0.25–12 µM K7del or wild-type recombinant purified βTm for 30 minutes at RT and co-sedimented at 150,000 × g in a Beckman TLA 120.2 rotor for 1.5 hours at 24 °C in 200 mM NaCl, 14 mM Tris-HCl pH 8, 0.16 mM CaCl2, 40 mM KCl, 1.6 mM MgCl2, 0.8 mM ATP. Pellet and supernatant were separated and equal amounts of both fractions were analysed by discontinuous 5%/12% SDS-PAGE. Gels were stained with SyproRuby protein stain (Molecular probes, Life Technologies) as instructed by the manufacturer and fluorescent signal was detected on a Typhoon Trio scanner (GE Healthcare). Densitometrical analysis was performed using ImageJ 1.45s (rsb.info.nih.gov/ij). Co-sedimentation of mutant and wild type βTm with actin was corrected for sedimentation in the absence of actin. Data was fitted to the Hill equation to determine the dissociation constant (Kd) and Hill’s coefficient h using Prism 5.01 (GraphPad Software).


6. Tm Dimerisation assay
We investigated the ability of recombinant K7del-βTm to dimerise with itself and other WT-Tm protein isoforms using methods previously published [Corbett et al., 2005]. 100 ng of recombinant Tm (various mixtures) was denatured in 4 M urea and re-natured in 20 l of rigor buffer (100 mM KCl, 20 mM Na3PO4, 5 mM MgCl2, 5 mM EGTA, 1 mM dithiothreitol [DTT], pH 7) at room temperature. To remove excess DTT, the Tm was pass through three successive ProbeQuant G50 Micro spin columns (Amersham Biosciences) containing Sephadex G15 equilibrated with three volumes of rigor buffer containing 0.5% v/v Triton X-100 without DTT. Tm dimers were cross-linked with three additions of 5 l of 5 mM 5,5’-dithiobis(2-nitrobenzoic acid) (DTNB; Sigma, St Louis, MO) at 15 minute intervals and analyzed by western blotting using an 8% SDS-polyacrylamide gel that contained 3.4 M urea. 


7. Methods used in the biophysical analysis of K7del protein

7A. Further purification of baculovirus recombinant βTm proteins

Both proteins underwent further purification via hydroxyapatite chromatography (HA), followed by cation and anion exchange chromatography. A ~15 ml HA column was equilibrated in 1 M KCl, 2 mM DTT, 1 mM KH2PO4, pH 7.0 (buffer A) and the proteins (as individual samples and in the same buffer) were loaded, then eluted from the HA column using a phosphate gradient (0–350 mM KH2PO4, in buffer A). Protein containing fractions were dialysed overnight at 4 °C into 50 mM NaCl, 2 mM TCEP-HCl, 20 mM Tris, pH 8.0 (buffer B), and then passed over a cation exchange resin (-SO3-), eluting as flow-through, immediately followed by anion exchange in buffer B (using a MonoQ column with a NaCl gradient from 50 mM–1 M). The final purified proteins (~ 3 mgml-1) were extensively dialysed into 50 mM NaCl, 2 mM TCEP-HCl, 20 mM Tris, pH 8.0 for small-angle X-ray scattering (SAXS) analyses. These samples were subsequently diluted ~30-fold into MQW for far-UV circular dichroism spectropolarimetry (CD) analysis.

7B. SAXS data acquisition and analysis.

Small-angle X-ray scattering (SAXS) data were measured at 23 °C using an Anton-Paar SAXSess line collimation instrument (10 mm) equipped with a CCD detector as described in Jeffries et al 2008. Data were obtained from samples of Tm (3.4 mg/ml), K7del-Tm (3.0 mg/ml), the final dialysate (solvent blank) and water.  Data reduction to obtain I(q) vs q (where q (Å-1) = (4sin)/, 2 is the scattering angle;  = 1.54 Å, CuK) was performed using the software SAXSQuant 2 that includes corrections for sample absorbance, detector sensitivity. All data were placed on an absolute scale using the scattering from water and molecular mass estimates were made based on I(0) values determined as per the method of Othaber et al 2000. (using data that had been corrected for the line geometry of the instrument in SAXSQuant 2 which uses the Lake algorithm). The atom–pair distribution functions P(r) versus r were  calculated using the indirect Fourier transform program GNOM (Svergun, 1992).  Radius of gyration (Rg) values were calculated from P(r) and while estimates of Dmax are also indicated. However, the minimum q-value measured is greater than needed to accurately assess Dmax and therefore our interpretation of the experimentally derived P(r) were limited to qualitatively evaluating the overall shape and the comparison against the predicted P(r) from the crystal structure coordinates (PDB 1C1G). The crystal structure P(r) was calculated using the program CRYSOL (Svergun et al., 1995) to calculate a theoretical I(q) vs q from which the P(r) was calculated in GNOM using the same approximate qmax. Protein concentrations were determined at Abs280nm using the following extinction coefficients (expressed as E0.1%, g/L) that were calculated from the primary amino acid sequence (Gasteiger at al., 2005): Tm, 0.273; K7del-Tm, 0.280. These extinction coefficients are quite low and may introduce errors into the protein concentration estimates. 



Supplementary Results
1. TUNEL-assays
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Supplementary Figure 1B

TUNEL-assay for the detection of DNA fragmentation in apoptotic nuclei. 
A TUNEL assay was performed to detect apoptotic nuclei in two patients with TPM2 K7del mutations (Patient 2 and Patient 3). Patients with Duchenne muscular dystrophy (DMD) and collagen VI mutations were used as positive controls as the presence of apoptosis in these diseases has been demonstrated previously.  Additionally, a DNAseI-treated muscle section served as a positive staining control. We counted between 400 and 4500 nuclei depending on the size of available muscle sections. TUNEL-positive nuclei are presented as a percentage of total nuclei (Hoechst staining). We detected between 0.067-0.394% TUNEL-positive nuclei in healthy control muscle samples. Patients with DMD and ColVI mutations showed 0.457 and 1.05 % positive nuclei, respectively. TPM2 K7del Patient 2 and Patient 3 showed 10.262 % and 0.625 % positive nuclei, respectively. The presence of faint TUNEL staining in most nuclei in the Patient 2 biopsy raises the possibility that the high rates of TUNEL-positive nuclei are due to degradation of the biopsy in storage rather than apoptosis. Results from Patient 3 provided stronger evidence for increased apoptosis in K7del nemaline myopathy. The panel shows representative images taken at 200x magnification. Red arrows indicate TUNEL-positive nuclei.


Supplementary Figure 2. Western blot analysis of mitochondrial proteins


[bookmark: _GoBack]Expression of mitochondrial proteins in patients with the K7del TPM2. 
(2A) Western blot analysis of mitochondrial protein expression was performed on 5µg protein of two TPM2 K7del patients and 4 healthy controls in duplicate experiments. (2B) Protein levels for porin were determined via densitometrical analsysis and normalised to α-actinin 2 levels. (2C) Expression of mitochondrial complexes were normalised to porin expression. Both TPM2 K7del patients show dysregulation of mitochondrial content compared to 4 controls (up-regulation in Patient 2, and down-regluation in Patient 3). Error bars show standard deviations.

Supplementary Table 1. Myofiber measurements
	Patient
	Muscle (age at biopsy)
	% Type 1 fibers
	Type 1 Diam
(μm)  ±SD
	Type 2 Diam
(μm ) ±SD
	% fibers with nemaline rods

	2
	Quad (9 yr)
	55
	38 ±9
	54 ±8.3
	74

	3
	Delt (43 yr)
	67
	90 ±32
	116 ±30.1
	51

	5
	Delt (33 yr)
	80
	64 ±24.9
	76 ±25.
	80




Diam = diameter, Quad = quadriceps, Delt = deltoid.


[image: Composite tropomyosin ratios 1(140412) ] (
A
)Supplementary Figure 3.







[image: Graph-Tm-isoforms-composite1(140412)] (
B
)









Supplementary. Figure 3. Normal tropomyosin isoform ratios in p.K7del patient muscle
A. Western blot analysis of tropomyosin expression shows similar tropomyosin ratios in TPM2 p.K7del patients compared to age and fiber typed match controls (C1 & C2). B. Bar graph showing the percentage that each tropomyosin isoform contributes to the total tropomyosin pool.

Supplementary Figure 4.
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Figure 4. Dimerisation profiles of mixtures of K7del-βTm, WT-βTm and WT-αTmslow (also called γTm). K7del-βTm can form homodimers and shows no difference in its ability to dimerize with WT-βTm and WT-αTmslow. WT-βTm homodimers run in two bands as previously reported [Corbett et al., 2005].


Supplementary Figure 5. Tm-actin binding assay.
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In the presence of equal amounts of filamentous actin, recombinant K7del-βTm has a ~ 6-fold lower ability to bind filamentous actin resulting in a more K7del-βTm remaining in the soluble fraction (S) and less in the pellet (P) compared to WT-βTm (results averaged from four gels; p=0.03, Mann Whitney U test).



Supplementary Figure 6. 


[image: ]
Overlay of SAXS data (A), atom-pair distance distributions (B) and Kratky plots (C) from Tm (blue) and K7-del Tm (red). The P(r) vs r calculated from the Tm crystal dimer is shown as a black trace in B. The P(r) vs r have been scaled to the same area.



Supplementary Table 2.

	Sample 
	I(0) (cm-2)
	Rg Å
	Dmax Å
	, 1010 cm-2
	Mr, g/.mol-1

	
	
	
	
	
	

	Tm
	0.1645
	114(9)
	~400-430
	3.052
	58.6 kDa

	K7del-Tm
	0.1618
	114(9)
	~400-430
	3.062
	65.6 kDa

	
	
	
	
	
	

	Homodimer (crystal structure)
	
	~118
	~430
	
	65.4 kDa


I(0) is quoted on an absolute scale (cm-2). The Mr was calculated using the following relation:  Mr = [(NA.I(0))/(c.2.v2)], where NA is Avogadro’s number, c is the concentration in g.cm3, v is the partial specific volume in cm3/g (calculated using MULCh, from the amino acid sequence of either Tm or K7del-Tm (Whitten et al., 2008)). The structural parameters were derived from P(r) vs r.





Circular Dichroism (CD) data acquisition and results.

CD spectra of wildtype (1.6 M) and K7del (1.4 M) proteins were recorded on a Jasco J-815 spectropolarimeter. CD data were collected at 20 ˚C over the wavelength range 185–260 nm, in a 1.0 mm pathlength cell, with a resolution of 0.5 nm, a bandwidth of 1 nm and a digital integration time of 1 s. Final spectra were the sum of three scans accumulated at a speed of 20 nm/min and were baseline corrected. Estimates of secondary structure were made using the CDPro suite of programs (Sreema and Woody, 2000).

The far-UV spectra of the Tm proteins indicates that both proteins are well-folded in solution with similar secondary structure content. Analysis of the spectra using CDPro indicate that both proteins contain predominantly alpha-helical structure, but that the mutant construct contains ~10% less than the wildtype (53% compared to 65%). Other studies have found a higher proportion of alpha-helical structure in sarcomeric tropomyosins and the results we obtained may be due to the errors in the protein concentrations we used.

Supplementary Figure 7: Comparison of CD spectra from wild type (blue) and K7del (red) βTm
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