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Image processing for creating the LSFM reference atlas: full description and parameters
An average LSFM mouse brain volume was created from 139 individual mouse brain autofluorescence datasets (Kovačević et al., 2005; Kuan et al., 2015; Umadevi Venkataraju et al., 2019). Pre-processing was initiated by down-sampling of the raw autofluorescence volumes to 20 µm isotropic resolution which was performed in axial plane using linear interpolating splines and in z-direction by local averaging of voxels. N3 method (Larsen et al., 2014; Van Leemput et al., 1999) was applied to down-sampled images for correcting the bias field caused by inhomogeneous fixation, clearing or illumination of the sample.  Subsequently, contrast limited adaptive histogram equalization (CLAHE) was performed to achieve enhanced local signal contrast and higher visibility of different brain structures. CLAHE was carried out on 2D-images from the bias-field-corrected brain volumes sliced in three orthogonal planes (kernel size 1/3 of image height by 1/6 of 2D-image width, clipping limit 0.01, 255 histogram bins) and its results were then averaged together with the input bias-field-corrected volume. Then, a randomly chosen reference volume was rigidly aligned to the AIBS CCFv3 for realizing its axial symmetry. Pre-processing was finalized by matching the cumulative intensity histograms of the individual volumes with the cumulative intensity histogram of the reference volume.

To generate the average mouse brain template, a reference volume was selected for normalizing the individual brains in orientation, global size, gross shape and intensity. The algorithm was comprised of six iterative registration steps – one affine and five B-spline transformations. In the first step, all pre-processed mouse brain datasets were affinely registered to the pre-processed and CCFv3-oriented reference image according to a multi-resolution strategy and the resulting datasets were intensity averaged to generate an initial intermediate average brain. In the second step, the linearly aligned images underwent B-spline registration to the first intermediate average brain at the lowest resolution level. Subsequently, an updated intermediate average brain was produced from the non-linearly registered images. The remaining steps were analogous to the second step with the only difference being the resolution level. The highest resolution was reached at the last B-spline registration step. 

Due to the limit in scanning depth in Z-dimension, which is about 6 mm for our LSFM setup, the acquired brain volumes missed about half a millimetre of the dorsal cortex. For producing a template with complete cortex, additional 15 autofluorescence volumes of cortices from the same animals were acquired, pre-processed and aligned through multi-resolution affine and B-spline transformations to the cortex reference volume. Then, the normalized cortex volumes were averaged, and the result was aligned through multi-resolution rigid, affine and B-spline transformations to the average mouse brain volume missing the top part of the cortex.   Subsequently, the final mouse brain template was produced by matching the intensities of both volumes and combing them by blending the overlapping areas with a sigmoidal function. Satisfying axial symmetry was achieved by dividing the template brain volume into three coronal slabs with equal thickness and manually rotating them into correct position. Subsequently, the three slabs were merged together using the sigmoidal blending function. The final template was created by mirroring one hemisphere to the opposite side and merging the hemispheres with the sigmoidal blending function for receiving a symmetric template brain. 

The average LSFM mouse brain template was generated by registration steps which involved maximizing the mattes mutual information for fixed and moving image pairs. Multi-resolution strategy during affine registration was realized by increasing data complexity as well as transformation complexity throughout the 4 resolution levels. Data complexity was modified by smoothing and down-sampling (Gaussian pyramid scheme: σdata = 8/2, 4/2, 2/2, 1/2 voxels) whereas transformation complexity was modified by changing the spacing of the control points on the grid (σtransform = 100, 75, 50, 25 voxels). B-spline registrations were performed according to an uni-resolution strategy but by increasing the resolution with every B-spline registration step (σdata = 8/2, 4/2, 2/2, 1.5/2, 1/2 voxels, σtransform = 100, 75, 50, 35, 25 voxels.  Parameters were optimized for every registration procedure to achieve the best possible spatial alignment for fixed and moving volume pairs. 

Brain regions annotations were added to the LSFM template from the AIBS CCFv3. First, the mouse brain template of AIBS was registered to the LSFM template using multi-resolution affine and B-spline registration. Subsequently, the registered AIBS CCFv3 template and its segmentations were divided into six parental brain regions – cerebral cortex, cerebral nuclei, hindbrain, cerebellum, septal regions and interbrain together with midbrain. The parental regions were then separately registered to the corresponding areas of the LSFM template through affine and B-spline transformations and unified by filling in the border gap using distance map computation. This segmentation transfer approach led to misalignments in regions near to ventricular system, such as AP and SFO, which were therefore manually corrected. Further refinement of the segmentations was undertaken using Franklin and Paxinos mouse brain atlas for the ventral tegmental area (VTA) and the compact part of substantia nigra (SNc) as well as for the nucleus accumbens (ACB) which was divided into core and shell part. Segmentation refinements were performed with microscopy image analysis software Imaris™ version 2 (Oxford instruments, Abington, UK). Image processing was performed in Python and Elastix toolbox (Klein et al., 2010; Shamonin et al., 2014) was used to implement the registrations.
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