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Report: 
 
Introduction 
The purpose of this proposal was to link in vivo function to subcellular anatomical structure in the mouse brain 
by integrating X-ray nanoholotomography (XNH) in a correlative multimodal imaging pipeline. The neural 
circuit of interest was the glomerular column in the mouse olfactory bulb, a modular and compact circuit 
containing the first synapses in the olfactory sensory pathway. Additionally, this proposal would add one 
biological replicate to the dataset obtained in the previous proposal LS2918. 
 
For this purpose we designed similar experiments to the one described in the previous proposal, in which we 
recorded neural activity in vivo while a panel of 50 monomolecular odorants was presented to an anaesthetised 
mouse using a custom odour delivery setup1. The mouse expressed the Ca2+-sensitive fluorescent indicator 
GCaMP6f under the Tbet promoter, revealing the neural activity of all projection neurons in the olfactory bulb 
under a 2-photon microscope. Eleven planes were imaged covering a 330*730*302 µm3 volume in the 
surroundings of a genetically-tagged glomerulus (MOR174/9-eGFP), the same microcircuitry targeted before. 
Additionally, this time the first three planes recorded the activity in the glomerular layer, thereby enabling 
extracting insights on the “input” activity profiles in the different glomeruli along with the “output” activity 
profiles recorded at the cell bodies of the projection neurons located deeper and retrieved in the remaining 8 
planes.  
 
As before, after the functional recording of neuronal responses to the different odorants, a fluorescent blood 
vessel reporter (sulforhodamine 101) was intraperitoneally administered, and we recorded two spatially detailed 
datasets using the same in vivo 2-photon setup covering the same volume with the exact same plane distribution 
(0.645*1.426*27.5 µm3 voxels) and another one with higher resolution (0.215*0.475*5 µm3 voxels). The brain 
region was then dissected, stained with a standard EM protocol2,3 and imaged with full-field X-ray tomography 
at PSI TOMCAT (proposal 20211896).  
 
The X-ray tomograms revealed subcellular details including the positions of cell nuclei and blood vessels. This 
information allowed identifying multiple landmarks in the synchrotron and 2-photon datasets, ultimately 
allowing to warp the latter into the former dataset’s space coordinates4 at single-cell precision3. 
 
The stained tissue section, initially of ~3*3*0.5mm3, was trimmed to an ID16A-compatible size in a way that      
would retain the in vivo imaged region, thereby resulting in a parallelogrammic prism (Fig. 1c) sitting on a 
synchrotron holder and re-embedded in a droplet of resin to protect the specimen and provide a smooth air-
sample interface without edges. This specimen was then scanned with a lab X-ray µCT (Zeiss Versa 510) and 
brought to ESRF. The lab X-ray tomogram of the trimmed specimen could also be warped to a common space 
with the TOMCAT and 2-photon datasets, thereby revealing the positions of the in vivo recorded cells in the 
trimmed specimen (Fig. 1d-e). 
 
All experimenters attended the beamtime presentially, except YZ who had to attend remotely except the last 
day, following local COVID19 guidance. A recurring videocall session and online documentation of the process 
enabled conducting the experiment under hybrid attendance (presential and online) efficiently. 
 
Tools and goals were defined and briefed at the beginning of the beamtime:  
 
Checkpoints: 

1. Track specimen orientation through sample mounting and orientate in stage 
2. Verify optimal imaging settings (using insights from previous beamtime) 
3. Scan through all tiles routinely 
4. Verify acquisition quality 

 
Channels of communication: 

● Specific channel on slack 
● Recurrent videoconference room on zoom 
● Log book, spreadsheet and folder to store preliminary images on google drive 
● Log of instructions on data processing routines on a github repository. 



 
Background information: 

● Synchrotron X-ray tomography with annotated regions of interest (link) 
● Lab X-ray tomography of the trimmed sample with annotated regions of interest (link) and tiles (link). 

 
Data transfer protocols: 

● ssh 
● globus 

 
Goals: 

● Acquire from below the mitral cell layer (retrieving all mitral cells) up to above the glomerular layer 
● Minimise sample disruption during thawing to maintain structural integrity for subsequent follow up 

high resolution EM. 
 

 
Figure 1. Summary of results. 
a) A CT dataset of the stained and embedded original slice (3*3*0.5 mm3) was obtained with a ZEISS Versa 
510 at the Francis Crick Institute, which alongside SXRT data obtained at the TOMCAT beamline at PSI (b) 
guided the choice of an optimal specimen for this experiment. The 2-photon in vivo data region could be then 
located in the stained specimen, guiding its trimming (c) to an ID16A-compatible size (d). A total of 32 tiles 
were configured so that the central 200 µm diameter cylinders of each tile (zone with highest resolution) would 
touch tangentially, and in two layers in depth (e1). The tiles were optimally positioned and priority-ranked 
according to the location of the imaged neurons in the 2-photon in vivo dataset. Correct orientation of the sample 



in the ID16A setup returned expected landscapes (f) and allowed translating the locations of the tiles to stage 
motor positions. (g) Preliminary inspection of reconstructed tomograms acquired during this beamtime revealed 
that the resolution obtained was sufficient to resolve lateral dendrites (arrowheads) and nuclei (asterisk) as 
expected. 
 
Results 
 
Orientation of the specimen and identification of the region of interest 
 
The location of the prism in the sample could be identified macroscopically by comparing the overall shape 
observed under a magnifying lens to the expected cartography. Its corners were named, and their positions 
monitored up to when they were mounted in the beamline stage (Fig. 2).  
 
The sample was imaged in cryogenic conditions using liquid N2. 
 
The sample faces were then located parallel to the beam by observing the absorption through fine rotations, and 
the stage height calibrated with a series of quick scans (Fig. 3). 
 

 
 
Figure 2. Sample positioning in the chamber 
The location of the prism in the sample was guided by marking the pin stem temporarily, naming the named sample corners 
(cardinal points’ acronyms), and translating those positions to the mounting holder and to the end stage (racc would be 
towards S, the kB mirrors towards E, beam comes from E – flows towards W). 
 

 
 
 
Figure 3. Surface of the sample revealed by single projections in the beamline setup 
A fast scan provided evidence of asymmetrical features in the sample’s surface that matched the expected view, 
thereby confirming coarse orientation was correct. 
 
Those details were sufficient to plan the locations in the dataset to be acquired (Fig. 1f) and therefore to translate 
tile positions to motor stage coordinates (Fig. 1e). 
 
 
Imaging settings 
 
Transmission at 33 keV was ~52%. 
This transmission was lower than previously obtained with similarly stained specimens imaged at this energy, 
attributable to its larger dimensions (Table 1) but within the acceptable range. 



 
 
 
Specimen name Size Beam energy Transmission 
Y391 (this beamtime) Parallelogrammic prism 

smallD = 1320 µm 
largeD = 1410 µm 

33 keV 52 % 

C432 (LS2918) Parallelogrammic prism 
smallD = 965 µm 
largeD = 1230 µm 

17 keV 14 % 

C417 Cylinder 
D = 800 µm 

33 keV 63 % 

Cortex Cylinder 
D = 750 µm 

17 keV 30 % 

Table 1. X-ray transmission of metal-stained mouse brain tissue specimens at ID16A. 
 
The first round of tiles acquired in an overnight scan returned several motor movement failures, resulting in 
multiple invalid datasets. The source of the error could be identified and fixed by the beamline scientists (via 
relaxation of motor precisions). 
  
A second malfunction in motor positions was further identified, manifesting as correctly reported motor 
positions but wrong actual positions at some tomogram distances. This was due to a malfunction in repositioning 
the motor after flats were acquired. We then monitored the actual motor positions by reading them from the 
metadata header of the images. 
 
To acquire all the relevant volume we initially aimed for within the remaining beamtime available, we opted for 
recording only from positions 2, 3 and 4 (thereby not imaging the 1st position). We verified that this modification 
of the imaging algorithm did not inflict a noticeable loss in image quality in this specimen (Fig. 4), while 
speeding up acquisition so that all tiles could be recorded within the remaining beamtime. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Comparison of two reconstructions of the same tomogram reconstructed employing 3 and 4 distance 
phase retrieval algorithms, respectively. Final resolution is similar in both cases. 
 
The total duration of each holotomography scan with 3 distances for phase-retrieval was 2h30min. 
 
Tile configuration and data acquisition 

3-distance reconstruction [d2, d3, d4] 4-distance reconstruction [d1, d2, d3, d4] 



 
Individual reconstructed tiles were configured as before: cylinders of 3216*3216 pixels diameter and height, 
with a pixel size of 100nm. Data quality in the tile was expected to be of two types: highest resolution in the 
central 2000*2000 pixel cylinder, and lower resolution in the outer shell (Fig. 1e2). A total of 32 tiles were 
configured so all neurons whose physiology had been recorded in vivo along with their input glomeruli would 
be contained (Fig. 1d-e). 
 
All tiles were partially reconstructed (pre-alignment) during the beamtime to verify data integrity.  
 
All relevant tiles have now been fully reconstructed.  
 
Sample unloading and retrieval 
 
The sample was unloaded from the stage and brought back to room temperature immersed in a bath of liquid N2 
in a vented but closed styrofoam box. While less abrupt than in the previous specimen, a lab µCT dataset of the 
thawed sample implied that  it had cracked during the thawing process (Fig. 5). Future experiments at ID16A 
will be planned at room temperature to prevent sample damage after beamtime, which will enable follow-up 
EM imaging of narrower regions of interest at higher resolution.   
 

 
Figure 5. Resin-embedded specimens crack during the thawing process after being imaged at ID16A under cryo 
conditions. 
 
Data analysis 
 
All tomograms have been reconstructed at ESRF and are being transferred to the Francis Crick Institute for 
storage and analysis. They will be stitched using a non-rigid algorithm developed for synchrotron X-ray 
tomography5.  
 
The dataset obtained during the previous beamtime LS2918 (“C432_XNH”) has already been stitched and an 
automated classifier has enabled retrieving the location and morphology of ~50000 nuclei within it. We will use 
this same classifier to detect nuclei in the newly acquired dataset. We expect some additional training data to be 
necessary for optimal performance. 
 
The previous dataset “C432_XNH” could also be successfully warped to a common space with the other related 
modalities (SXRT and in vivo 2-photon), revealing the locations of all recorded neurons in the XNH data. We 
will replicate this approach with the continuous volume of the stitched “Y391_XNH” dataset obtained during 
this beamtime.  
 
 
Discussion 
 
The purpose of this proposal was to link in vivo function to subcellular anatomical structure in the mouse brain 
by integrating X-ray nanoholotomography (XNH) in a correlative multimodal imaging pipeline. We acquired 
with XNH 32 adjacent tiles covering >700*1100*800 µm3 (or >0.6 mm3) of mouse brain tissue containing ~100 
neurons and input glomeruli of known physiological activity. Because complete glomerular columns are 
embedded in this tissue, we are certain we will be able to group projection neurons with known physiology by 
the glomerular column they belong to, thereby grouping sister mitral cells together and thus describing input-
output relations in this mammalian neuronal circuit. We expect to be able to trace a large fraction of the lateral 



dendrites of all recorded projection neurons, responsible for computational interactions between glomerular 
columns. Since this region contains the same neuronal circuit imaged in a previous beamtime, the joint analysis 
of both datasets will inform on the variability of a neuronal circuit’s structure-function across individuals. 
This beamtime has allowed us to image a larger sample (still providing enough transmission at 33 keV) that had 
undergone a more exhaustive imaging experiment (retrieving now both input and output activity of the circuit), 
and helped identify potential improvements in motor position monitoring. Finally, it has pointed out that cryo 
conditions might be detrimental for recovering the specimen after the beamtime.  
Replicating this approach with a third sample containing the same neuronal microcircuit would provide a unique 
insight into how this neuronal circuit processes information in the brain, accounting for inter-individual 
variability. This n=3 would complete an exceptional experimental cohort whose structure-function insights 
would be novel and of highest interest for the wider systems neuroscience field.  
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