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Appendix 4470

Contour fitting471

As described in the main text, contour fitting of the three-dimensional contour obtained

from the 3D tracking procedure was done by a polynomial fit of the determined discrete

3D coordinates. Such a fit become ambiguous at the ends of the tracked contour which

can lead to unphysically large values of curvature at these ends. To prevent this, we have

padded a discretized contour on both ends by mirrored inner points. The impact of the

number of padded points on the fit results is shown in Fig. 1. As can be seen, the absolute

values of curvature at the contour ends become smaller with increasing contour padding,

but the values in themiddle of the contours remainmostly unchanged, similar to the torsion

values.
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Appendix 4 Figure 1. Effect of contour padding on calculated curvature and torsion. (a) Zero padding,
(b) padding with one extra point, (c) padding with two extra points. Compare with Fig. 3 in main text

showing results for padding with three extra points. As can be seen, padding does mostly suppress

excessive curvature values at contour ends, but does nearly not change curvature values elsewhere,

and has little impact on torsion values (different brightness values in torsion plots are due to different

dynamic range of curvature values).
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Using the results of the polynomial fits, we estimated the fit accuracy (and checked for

any systematic fit bias) by histograming the difference between the discrete coordinates
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as delivered by the axoneme tracing algorithm and the positions calculated form the poly-

nomial fit. The resulting histograms for both axonemes analyzed in Fig. 3 are shown in

Fig. 2. The symmetry of the residual histograms indicates that there is no systematic bias

of the polynomial fit that would lead to skewed asymmetric distributions of the residuals.

The width of the distributions gives an estimate of the accuracy of the contour position

determination. The standard deviations σfor each distribution are indicated above each

histogram. We attribute the fluctuations of the discretized positions (as delivered by the

tracing algorithm) around the smooth polynomial fit to noise-induced uncertainties of the

contour tracing.
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Appendix 4 Figure 2. Distributions of residuals between discretized and fitted position values for (a)
flagellum of Fig. 3a,b and (b) for flagellum of Fig. 3c,d. Left panels show residuals for lateral

x,y-positions, right panels for axial z-positions. Calculated standard deviation values for all
distributions are given on top of each panel.
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Appendix 5506

List of hardware components used in multi-plane phase contrast mi-
croscope
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Component Details

white light source 100 W 12 V Halogen Lamp U-

LH100L-3, Olympus, peak wave-

length ∼585 nm
phase annulus IX-PH3, 35mmdiameter, Olympus

condenser lens IX2-LWUCD Universal Condenser,

Olympus, NA 0.55, WD 27 mm

microscope stage ES107IX2, Prior scientific instru-

ments, 115 × 77 mm travel range,

1 µm step size resolution, OptiS-

can ES107 Controller,

phase objective UPLFLN 60XOIPH, 0.65-1.25 NA,

Olympus

tube lens f TL = 180 mm, Olympus

field aperture SP 40 slit, Owis

telescope lenses f L1 = 150mm, f L2 = 200mm, achro-

matic doublets, AC254-150-A-ML,

AC254-200-A-ML, Thorlabs

prism Corning C-7980, nD = 1.458, Abbe

number ν = 67.8, see section 6.2 in

SI of ref. Descloux et al. (2018)
camera ORCA-Flash 4.0 V2, Hamamatsu,

pixel size = 6.5 µm
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Appendix 5 Table 1. Specifications of components incorporated into the multi plane phase contrast

microscope
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