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Sarcomere model
We consider the sarcomere model based on prior work (1,2). The sarcomere is modeled as two series passive elements (describing extracellular matrix (ECM) and Titin contributions) in parallel with a series combination of an active, contractile element and a series, elastic element. Both the ventricles and atria are modeled using identical formulations and deviate only in their parameter values. 
	The sarcomere length is calculated as a function of the myocardial strain
	
	(S1)


where m is the reference sarcomere length at zero strain (i.e., ). The exponential function mimics the nonlinear behavior of sarcomere length under load. Assuming that the change in contractile element length, , depends linearly on the change in sarcomere length, the dynamics of  (m) are
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where  (m) is the length of the elastic series element in an isometrically stressed state, and  (m/s) is the velocity of sarcomere shortening with zero load (1).
The mechanical activation of the sarcomere is heuristically modeled as separate “rise” and “decay” functions. The former is given by
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 and  represent the increase in contractility with sarcomere length and with time, respectively. They are given by
	 
	(S4)


where  (s) scales the rise in contractility and  (m) represents the contractile element length with zero active stress. The decay function is
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where  is the diastolic resting level of activation,  (s) is the decay time and 
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represents the decay in activation with decreasing sarcomere length, which depends on the duration of systole,  (s). Both rise and decay functions are combined to represent the change in contractility
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The active stress,  is finally calculated as the product of contractility, contractile element displacement, and the strain of the series elastic element
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 where  (KPa) is a parameter that scales the active stress contribution. 
For the passive stress, we consider a new, passive reference length  (m), giving the passive strain
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The two passive stresses are as defined in Walmsley et al. (3)
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where   (KPa) is the factor scaling the passive stress of the ECM,  (dimensionless) is an exponential scaling parameter, and  (m-1) is a measure of Titin stiffness (3).
Cardiac chamber equations
For the atria, the mid-wall volume, , mid-wall curvature, , and mid-wall cross-sectional area, , are determined by
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Since the LV, RV, and S are mechanically coupled, a separate formulation for , , and  is required. Utilizing the common radius of mid-wall junction point  and denoting the maximal axial distance from each chamber wall surface to the origin as  (1,4), we get
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for the LV, RV, and S. As in the original work by Lumens (1), we can also related  to the blood volume  in the chamber. Specifically,  and  are
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[bookmark: _Hlk107322958]which is updated at each time point. Hence, we solve for  using in equation (S15) to deduce  and  for each TriSeg component.  The atrial transmural pressure is determined from the wall tension and mid-wall curvature 
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The ventricular mid-wall tension is broken up into the axial () and radial () tensions based on the geometry of the spherical chambers and the angle of the sphere opening (1), giving
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[bookmark: _Hlk107323156]These tensions must be balanced across the LV, RV, and septal wall, and serve as the algebraic constraints for the system. The axial tensions in the ventricular cavities are then used to calculate the transmural pressure
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Nominal Parameter Values
The parameters utilized in the manuscript are based off of several works, with a majority of the calibration coming from data in sham mice obtained in Philip et al. (5). Total blood volume in the mouse is determined by 
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as postulated by Riches et al. (6). Here, the bodyweight is set to 29.719 grams (giving a total blood volume  ml) and the heart rate is 554 beats per minute, giving a cardiac cycle length  (5). Systolic and diastolic pressures in the left ventricle (LV) were set at 76 and 2 mmHg, respectively. The corresponding systolic and diastolic values in the right ventricle (RV) were set to 19.6 and 0.74 mmHg (5). The cardiac output (CO) is 10.6 ml/min, and converted to l/s. The assumed nominal pressures in the other cardiovascular compartment are calculated as a function of LV and RV pressures, as detailed in Table S1. The unstressed volumes (i.e., the blood not ejected during a cardiac cycle) and stressed volumes in each compartment are based on previous work (7–9) and provided in Table S2. The compartment pressures and stressed volumes are used to construct nominal estimates of vascular resistance and compliance, shown in Table S3. Tables S4 and S5 show the calculated values of the Triseg geometry and the sarcomere model, respectively. Consistent units were necessary for multiscale interactions between model components, hence pressures were converted to KPa using the relation 1 mmHg = 0.133322 KPa, areas were converted from mm2 to cm2, and volumes were converted from l to ml. Outputs from the model are subsequently scaled back to their original units for clarity in the results.

Results from the Morris screening
The results the Morris screening are provided in Fig S1. Table S6 shows the upper and lower bounds for each parameter expressed as the percent change from their nominal value.







Fig S1: Comparison plot of the modified average elementary effect, , against elementary effect variance,  for each of the output quantities of interest. Results from the Morris screening show a trend of higher mean effects and higher variance in elementary effects, which indicate an influential parameter.


Results from Bayesian Inference
To assess the accuracy of the Markov chain Monte Carlo (MCMC) techniques used in the main text, we plot the relative difference between the true, data generating parameter, , and the median values from the posterior distributions, , i.e.
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Boxplots depicting this quantity across all four experimental designs are shown in Figure S2. As noted in the text, wall volume parameters () tended to be the most volatile during inference, as well as resistance and compliance elements. This is especially true for designs  and , where no LV data is available. However, designs with LV data,  and , reduce this variability.
	In addition to the methods of the main texts, pairwise plots were analyzed for any strong correlations. This may be indicative of practical identifiability issues. All pairwise plots are provided in Figures S3 through S50 in S2 text. Of these, only one exhibits some issues with practical identifiability (see Figure S35).


Fig S2: Relative error in the median posterior values compared to the true, data generating parameters. Black squares represent the true parameter values while black circles indicate the mean value across the median posterior value for the 12 instances of MCMC.





Table S1. Formulas for nominal pressure values (presented in mmHg for convenience).
	Variable
	Method
	Reference

	
	76.00
	Data from (5)

	
	2.00
	Data from (5)

	
	19.60
	Data from (5)

	
	0.74
	Data from (5)

	
	
	Scaled from normotensive humans (7)

	
	
	Scaled from normotensive humans (7)

	
	
	Scaled from normotensive humans (7)

	
	
	Scaled from normotensive humans (7)

	
	
	Scaled from normotensive humans (7)

	
	
	Scaled from normotensive humans (7)

	
	
	Clinical definition (7)

	
	
	Scaled from normotensive humans (7)

	
	
	Scaled from normotensive humans (7)

	
	
	Clinical definition (7)

	
	
	Scaled from normotensive humans (7)

	
	
	Scaled from normotensive humans (7)

	
	
	Scaled from normotensive humans (7)

	
	
	Scaled from normotensive humans (7)





Table S2. Formulas for nominal unstressed () and stressed volume () values (converted from  to ml).
	Variable
	Method
	Reference

	
	
	Based on (7)

	
	
	Based on (7)

	
	
	Based on (7)

	
	
	Based on (7)

	
	
	Based on (7)

	
	
	Based on (7)

	
	
	Based on (7)

	
	
	Based on (7)

	
	
	Based on (8)

	
	
	Based on (8)

	
	
	Based on (8)

	
	
	Based on (8)

	
	
	Based on (8)

	
	
	Based on (8)

	
	
	Based on (8)

	
	
	Based on (8)

	
	
	Hand tuned




Table S3. Formulas for nominal hemodynamic resistances (, KPas/ml) and compliances (, ml/KPa).
	Parameter
	Method/Value
	Description
	Reference

	
	
	Mitral valve resistance
	Poiseuille/Ohm’s Law

	
	
	Aortic valve resistance
	Poiseuille/Ohm’s Law

	
	
	Tricuspid valve resistance
	Poiseuille/Ohm’s Law

	
	
	Pulmonic valve resistance
	Poiseuille/Ohm’s Law

	
	
	Vena Cava resistance
	Poiseuille/Ohm’s Law

	
	
	Pulmonary venous resistance
	Poiseuille/Ohm’s Law

	
	
	Systemic vascular resistance
	Poiseuille/Ohm’s Law

	
	
	Pulmonary vascular resistance
	Poiseuille/Ohm’s Law

	
	
	Systemic arterial compliance
	Based on (10,11)

	
	
	Systemic venous compliance
	Based on (10,11)

	
	
	Pulmonary arterial compliance
	Based on (10,11)

	
	
	Pulmonary venous compliance
	Based on (10,11)





Table S4. Formulas for nominal TriSeg geometry parameter values (presented in  and mm2 for convenience).
	Parameter
	Method/Value
	Description
	Reference

	
	11.00 
	Wall volume of left atrium
	Hand tuned from (12)

	
	78.10 
	Wall volume of left ventricle
	Hand tuned from (12)

	
	11.00 
	Wall volume of right atrium
	Hand tuned from (12)

	
	31.24 
	Wall volume of right ventricle
	Hand tuned from (12)

	
	42.13 
	Wall volume of septum
	Hand tuned from (12)

	
	35 mm2
	Reference mid-wall area of left atrium
	Hand tuned

	
	59 mm2
	Reference mid-wall area of left ventricle
	From (12)

	
	35 mm2
	Reference mid-wall area of right atrium
	Hand tuned

	
	50 mm2
	Reference mid-wall area of right ventricle
	From (12)

	
	10 mm2
	Reference mid-wall area of septum
	From (12)




Table S5. Formulas and values for nominal sarcomere model parameters. All parameters and values are shown as atrium/ventricle. 
	Parameter
	Value
	Description
	Reference

	
	2.0/2.0 m
	Reference sarcomere length at zero strain
	From (1)

	
	0.04/0.04 m
	Length of elastic series element in isometric stress
	From (1)

	
	30/12 m/s
	Velocity of sarcomere shortening
	Hand tuned from (12)

	
	1.51/1.51 m
	Reference length of contractile element
	From (1)

	
	
	Resting contractility
	From (1)

	
	 s
	Scaling parameter for contractility rise time
	Hand tuned from (1,5)

	
	 s
	Scaling parameter for contractility decay time
	Hand tuned from (1,5)

	
	 s
	Parameter describing systolic length
	Hand tuned from (1,5)

	
	 s
	Time delay in atrial and ventricular contraction
	Hand tuned

	
	38.28/25.52 KPa
	Scaling parameter for active stress
	Hand tuned from (13)

	
	2.24/1.49 KPa
	Scaling parameter for passive stress
	Hand tuned from (13)

	
	1.8/1.8 m
	Reference length of passive wall constituents
	From (1)

	
	0.6/0.6 m
	Measure of Titin stiffness
	From (1)

	
	10/10 
	Parameter describing nonlinear ECM strain
	From (1)
















Table S6. Parameter bounds for Morris screening. 
	Parameter
	Bounds as % around nominal
	Parameter
	Bounds as % around nominal
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