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Supplementary Figure 1. Numerical validation of the Eigenspectramodel of light fluence in tissue simulations of arbitrary structures.
(a,b) Examples of the assumedndom spatial mapof (a) e(r) at 800 nm andb) &.j), with random normally distributed valuegc)
Example of a andom spatial map of sO(d) Example of multiwavelength absorbed energy density simulajaavelength 800 nm
presented)created using the FEMHBDight propagation moel. (e) Statistics(i errorbars indicate standard deviatjaf thefitting residualof
the Eigenspectranodel computed fromall pixels of each simulated multispectral dataé@tError propagated to sCestimation due to the
fluence approximation usindné Eigenspectramodel (forward model error)(g-i) Examples otissue simulations of low spatial variation of
optical propertie¢g), partially uniform optical properties with highly absorbing vessel like structhjemnd cases of high melanin absorption
atthe tissue surface as well as wavelength dependent scafiriipd) Statistics of thditting residualof the forward model corresponding to
the simulations presentdd (g-i), respectively.(m) Monte Carlo siralations of the wavelength dependent light fluence (fluesfcene
wavelength is presented) in the ballistic and seatlistic regime, assuming semniform multi-layered tissue; Layers are highlighted with red
arrows and their optical properties are swamaed in the enclosed tablgtatistics othe fitting residual ofhe Eigenspectranodel (mean and

standard deviation) are also presented.
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Supplementary Figure 2.Validation of the Eigenspectramodel using light fluence measurementsbtained in vivo and post mortem (a)
MSOT image (one wavelength presented) of a CD1mouse imaged in the abdominal region with a capillary tube containirg albsftser
inserted in the lower abdominal area (red circle). Scale bar, Ib¥r@omparison of the measuarespectrum of light fluence in the area of
absorber insertion (black curves) with the fiteggectrumusing the adimensionalEigenspectranodel in the case ah-vivo imaging (blue
curve) andpostmortemimaging (red curve)(c) The two light fluence spé@ corresponding to thim vivo (blue) andpost mortentase (red)
aredecomposed o a linear combination of spectia,(a), M0 1(3), Myl »(3) andmgl 3(8).
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Supplementary Figure 3.Explanation of eMSOT constrained inversion (a) eMSOT nversion isperformed simultaneously on a grid of
points in the image domaired points) (b) A nondirected weightecdconnectivity graph definedon the grid of points penalizes large
variations of theEigenfluenceparametersmn; and mg between neighbor points. Thenadization is inversely proportional to the distanece
between the grid pointsc)(A directed graph on the grid of points enforces a decrease on the valmgsamith depth. ¢-f) An initial
approximation of tissue blood oxygenation is obtained usingegative constrained least squares fittidy g§nd used for obtaining a prior
estimate ofi4(r) (e) andas(r) model parameters. These prior estimates are used for constraining the total searfdr spaaed m; during
optimization (f) Prior 1 estimate (blue line), limits of the search space (blue vertical lines), aotualues (green line) anahy, values
estimated after optimizatiofned line)for a radial line of the grid presented &).(



Supplementary Figure 4.Numerical validation of eMSOT in simulations of arbitrarily structured tissues. (a) Examples oflte assumed
random maps of optical absorption, optical scattering andvafing from finely granulatedo smoothly varyingstructuresand vesselike
patters.The combination of these maps was used to simulate the absorbed energy density of complex tissue using a light progelgation mo
(b) Thesimulations of multispectrabsorbed energy densitvere formediusingvarying mean optical properties simulating Wigao strongly
absorbing/scattering tissug) Simulated multispectral optoacoustic image (one wavelength presentedlardyrid is placed orthe upper left
part of the image for analysis using eMS@d). Original (green) and noisy (blue)mulatedabsorbed energy density spectrsiamming from
one pixel of(c). (e-g) Maps of Eigenfluenceparametersmn;, m, and ms, respectively obtained after inversion and interpolatidh:i) sO,
estimation using linear unmixindgp and eMSOTIj. (j) Actual simulag¢d sQ map. k) sO, estimation error corresponding to all pixels of the
analyzed area using conventional linear unmixing (red points) and eMSOT (blue points), sorted pel)defgthn SQ error of linear
unmixing (red) and eMSOTblue) corresponding to each simulated emthtested2358 datesets in total) (m) Histogram of the mean sO
estimation error corresponding to eMSOT (blue) and linear unmixing (red) for all simulateskbtfatasted nj Histogram of the relative sO
estimation error of linear unmixing as compared to eMSOT for all simulategselstsested and simulated tissue depthsim.



