Supplementary Figures
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Supplementary Figure 1: Estimation of the error of the number and brightness of
molecules in a single cluster; Simulation

(a,c) Relative estimated numbers of molecules ¢ 7¢; (b,d) relative estimated molecular
brightness n 7. ¢ and n are the simulated numbers of molecules and molecular
brightness. Molecules in a single cluster share the same brightness. (a,b) the number of
simulated molecule ¢ varies (from 1 to 50) while keeping the molecular brightness
constant T8 p.o(c,d) the simulated molecular brightness 1) varies (from 0.005 to
0.035) while keeping the number of molecules constant ¢  p mDots: the mean estimated
values (magenta), the 15% (blue) and 85% (green) quantiles of the distribution of the
values; Lines: p  analytically derived relative standard deviation (RSTD) of the estimated
value (red) (Supplementary Note). For each condition, the simulation was repeated 500
times. The number of illumination pulses is 25,000 (a,b) and 40,000 (c,d). The full width
at half maximum (FWHM) of the point spread function (PSF) is 240 nm FWHM with 48 nm
pixel size.
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Supplementary Figure 2: Comparison of the estimated number of molecules obtained

with photon statistics or by analyzing bleaching steps
Double stranded DNA (dsDNA) conjugated with up to 4 ATTO 647N or 2 Abberior STAR
635P was sparsely immobilized on a coated cover slip (see Methods). The estimation
based on the detection of simultaneous photons was performed on the confocal scanned
images with 50 nm pixel size and 1 ms pixel dwell time. Each dsDNA was localized by the
confocal image and then moved into the focus individually for time-resolved fluorescence
intensity measurement until all fluorophores were bleached. Histograms of the estimated
number of molecules of each dsDNA are plotted: a, b, ¢ and d correspond to dsDNA
labelled with ATTO 647N with 1, 2, 3 or 4 bleaching steps respectively. e and f
correspond to dsDNA labelled with Abberior STAR 635P with 1 or 2 bleaching steps

respectively.
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Supplementary Figure 3: Bleaching rate under multiple confocal scans

Immobilized dsDNA labelled with ATTO 647N (a) or Abberior STAR 635P (b) is scanned
with confocal microscopy. The overall number of molecules is determined by photon
statistics for each scan. The overall number of molecules in the scanning area decrease
gradually from scan to scan due to bleaching. The solid lines are the exponential fitting
curves to the estimated number of molecules from 3 experimental measurements with the

fitting model and the resulting parameters indicated by the text in the same colors.
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Supplementary Figure 4: Dependence of uncertainty of molecule mapping on

depletion power in STED microscopy

Immobilized dsDNA (labelled with ATTO 647N) is measured under different STED
illumination. (a) The error (relative standard deviation/RSTD) of the estimation (based on
the theory in supplementary note) is plotted against the STED laser pulse energy.
Experimental conditions are kept except for different STED illumination pulse energy. The
red line is the linear fit to the data, with parameters and model indicated by red text. (b)
The measured FWHM of the effective PSF is plotted with different STED illumination
pulse energy. The PSF is measured on the average of over 50 scans on single ATTO
647N labeled dsDNA immobilized on surface. The red line is the fitting curve to the
measured effective PSF to the square root law of resolution scaling in STED microscopy.

Blue dots and error bars are mean and standard deviation (n=9).
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Supplementary Figure 5: Mapping molecule distributions of immobilized dsDNA in the

a Confocal: 1 ph. det. b Confocal: 2 ph. det. € STED: 1 ph. det.
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combination of confocal and STED microscopy through analysis of coincident photon

detection

ATTO 647N labelled dsDNA is immobilized on glass surface and measured with confocal
and STED microscopy. Molecule mapping is achieved by analyzing the photon statistics
of confocal and STED recording. (a,b) 1- and 2-photon detection confocal images of
dsDNA on surface. (c) 1-photon detection STED image of the same area as a. (d,e)
Molecular map based on the photon statistics of a, b and c. The color map of d codes the
number of molecules at each pixel; the color map of e codes the number of molecules
within each cluster. The segmentation of the clusters is processed with the built in
watershed function in MATLAB?Z. (f) Molecular brightness map based on the photon

statistics of a, b and ¢ (only indicated where there are molecules). Scale bars: 1 um



Supplementary Figure 6: Mapping the number of molecules on DNA Origami

DNA origami with up to 24 ATTO 647N was sparsely immobilized on the cover slip and
measured by confocal and STED microscopy (see details in methods). (a-h) 8 examples
of DNA origami. Top rows: Confocal 1- and 2- photon detection images and the
corresponding estimated molecular map (from left to right). Bottom rows: STED 1- and 2-
photon detection images and the estimated molecular map based on both confocal and
STED measurements (from left to right). The number of molecules in each cluster is

labeled at the vicinity. Scale bars: 200 nm.



nbr\gm

Supplementary Figure 7: Comparison of molecular counting by photon statistics and

molecular brightness on DNA origami with confocal microscopy

DNA origami with up to 24 ATTO 647N was sparsely immobilized on the cover slip and
measured by confocal microscopy. (a) The estimated molecular concentration € based on
photon statistics. The number of molecules in each DNA origami is the summation of the
segmentation based on watershed algorithm? and labeled at the vicinity of the coordinate
of the DNA origami. (b) The number of molecules in each DNA origami estimated by
molecular brightness. Scale bars: 500 nm. (c) The scatter plot of the estimated number of
molecules by coincidence photon detection Ngincigence @Nd that by dividing the intensity of
the isolated DNA origami with molecular brightness nyig. The method based on
coincidence photon detection is described in the main text and supplementary note. The
method based on molecular brightness is done as follows: the average molecular
brightness is given by the former estimation method; the intensity of an isolated DNA
origami is summed up and divided by the average molecular brightness and then divided
by the summation of the PSF (normalized to the center). 69 isolated DNA origami are

analyzed.



Supplementary Figure 8: Comparison of 2D and 3D molecular counting of single
dsDNAs

dsDNA is immobilized on the glass surface and imaged on multiple z positions (100 nm
distance between two immediate stacks) in both confocal and STED microscopy. (a) 2D
image of a single dsDNA: confocal (left) and STED (right). The color code represents the
event counts. Scale bars: 100 nm. (b) Estimated number of molecules in single dsDNAs
from 2D and 3D imaging. The error bars represent the standard deviation and the red line
is the linear fit to the mean value of the estimation (y=1.037x). (c) 3D imaging of the same
dsDNA as that in a: fluorescence intensity isosurface (70% of the maximum intensity) with
summation projections of fluorescence intensity on each dimension. Left: confocal; right:
STED. (d) Estimation of the number of molecules of the same dsDNA of a and c: The
isosurfaces, which embraces 70% of the molecules, are plotted with the summation
projections on each dimension. Pixel size is 20 nm in lateral dimensions. Pixel dwell time
is 300 ps (2D) and 100 ps (3D).



