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Extended Data Fig. 6 | Annotation of the blood vessel patterns for individual 
animals. The neural-vascular proximity was estimated based on the manual 
annotation of the vessel structure in the region of interest for each mouse. 
We used the time-averaged microscopic field (first column) and the band-
passed filtered (100-150 Hz) microscopic field (second column) to accurately 
distinguish the vessel structure (third column). The neural-vascular proximity 

was calculated as the minimal Euclidean distance between the center of the cell 
and the vascular structure (fourth column). The signal-to noise ratio (SNR) was 
calculated as the ratio of the mean signal intensity within a manually defined 
signal region of interest (ROI) to the standard deviation of the signal within a 
separate background (noise) ROI, computed across all timepoints.
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Extended Data Fig. 7 | Neuron–vascular proximity influences the predictive 
relationship between BOLD fMRI and single-cell calcium activity 
independently of ∆F/F processing and remains stable across neurons. a, 
Schematic of the support vector machine (SVM) decoding approach used to 
quantify predictive information of local neural population activity in SSp-bfd for 
the BOLD fMRI signal (left). In contrast to Fig. 3, deconvolved ∆F/F Ca2+ activity 
extracted using the CNMF-e pipeline (constrained FOOPSI, decay_time = 0.4; (P. 
Zhou et al. 2018)) was used. Right, normalized root mean square error (NRMSE) 
between measured and predicted ∆BOLD fMRI signal. Boxplots show tenfold 
cross-validated NRMSE per animal (N = 5, 4 male, 1 female). Center line, median; 
circle, mean; box, 25th–75th percentiles; whiskers, full range. Performance 
exceeded shuffled data (two-sided Wilcoxon signed rank test; P ≤ 0.005). b, 
Example ∆BOLD fMRI predictions for each subject. Gray boxes indicate laser-off 
periods. c, Neuron–vascular distance quantiles based on SVM recursive feature 

elimination (SVM-RFE), using three ranking criteria. Deconvolved ∆F/F Ca2+ 
activity was used. Overlap between highly ranked neurons and raw ∆F/F rankings 
was ~74%. Center line, median; circle, mean; box, 25th–75th percentiles; whiskers, 
full range; width reflects data density. Distance differed across quantiles 
(two-sided Wilcoxon rank-sum test; * = P ≤ 0.05). No correction for multiple 
comparisons was applied. d, Trial-averaged ∆F/F Ca2+ activity of top 25% ranked 
cells (red) versus remaining cells (green). Shaded areas indicate SEM across cells. 
Black lines indicate whisker stimulation. Traces differed significantly (two-sided 
two-sample t-test; P ≤ 0.001). e, Same analysis for individual mice, showing raw 
∆F/F (left) and deconvolved ∆F/F (middle). Traces differed significantly (two-
sided two-sample t-test; P ≤ 0.001). Right, raster plot of all neurons ranked by 
SVM-RFE contribution. Frame highlights the top 25% most informative neurons 
for lowest weights elimination (red) or highest weights elimination (blue).
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Extended Data Fig. 8 | BOLD fMRI prediction of the SSp-bfd ∆F/F population activity. a,b, Example predictions of the SSp-bfd ∆F/F population activity (a) and 
corresponding normalized root square error (b; NRSE) for different brain areas and background noise. Results are plotted for individual mice. Gray boxes indicate 
laser-off period. SSp-bfd = somatosensory barrel fields, TH = thalamus.
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Extended Data Fig. 9 | Predictive power of BOLD fMRI on the SSp-bfd 
population activity varies across different brain regions involved in whisker 
stimulation for subpopulations determined by SVM-RFE. a, NMRSE between 
the ∆F/F and predicted ∆F/F population activity for areas involved in whisker 
stimulation. Subgroups are determined by the analysis described in Fig. 3, 
and include both the low (left) and high (right) weight elimination subgroups. 
Boxplots show the NRMSE of the ten times cross-validated outcomes for each 
animal (N = 5). The central line represents the median, the circle represents 
the mean. The minimum and maximum of the box extend to the 25th and 75th 
percentiles, whiskers extend to all data points. We tested the difference in 

performance between measured and shuffled data using a Wilcoxon rank-sum 
test (Wilcoxon rank-sum test; * = P ≤ 0.05). AUDd = dorsal auditory cortex, AUDp 
= primary auditory cortex, MOp = primary motor cortex, MOs = secondary 
motor cortex, SSp-bfd = somatosensory barrel fields, SSp-n = somatosensory 
orofacial domain, SSp-ul = somatosensory upper limb domain, SSs = secondary 
somatosensory area, STR = striatum, TH = thalamus. Contralateral and ipsilateral 
indicated with respect to the whisker stimulation. b, Coronal magnitude map of 
the mouse brain illustrating the predictive relationship between the ∆BOLD and 
neural population activity based on the NRMSE described in a.
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Extended Data Table 1 | BOLD fMRI SNR

Table showing the BOLD fMRI signal to noise (SNR) values of tested materials. Higher SNR values correspond to better quality BOLD fMRI images.

http://www.nature.com/naturemethods
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