Supplement
Supplementary methods
Head modeling and electric field simulation
For head modeling, each subject’s high-resolution T1-weighted structural image was acquired on a 332 Siemens Trio 3T MRI Scanner in the Brain Imaging Center at Beijing Normal University, with the following parameters: 176 sagittal slices; repetition time (TR) = 2530; echo time (TE) = 3.5ms; flip angle (FA) = 90°; field of view (FOV) = 256 × 256 mm; slices thickness = 1.0 mm. 

The construction of volume conductor model and numerical simulation of the electric field was realized on the SimNIBS v3.2 open-source pipeline [1]. T1 images were segmented into five major tissues (scalp, skull, grey matter, white matter, and cerebrospinal fluid) using cat12 to build a high-solution head mesh. The tissue conductivities were σscalp = 0.456 S/m, σskull = 0.01 S/m, σGM = 0.275 S/m, σWM = 0.216 S/m, σCSF = 1.654 S/m [2-3], and all were treated as isotropic. The scalp and cortical surfaces were also reconstructed from T1 images.

The coil positions were offline reconstructed on the scalp surface by measuring the target CPC points according to 4 reference points (nasion, inion, left/right preauricular) [4]. We shifted the coil positions perpendicularly to the scalp surface outward 4mm to compensate for the effect of hair and the swimming cap used for localization. The coil orientations were also reconstructed in the tangent plane of grid points as described in our previous study [5]. The dipole model of the figure-of-eight coil was from Thielscher et al., and it has the same diameter, structure, and manufacturer as the model we used [6], which are all major factors influencing the induced electric field [7-8]. Due to the equal intensity of all stimuli for a subject and the linear relationship between electric field strength and stimulator output, the change rates of the coil current were all set to be 1A/μs. According to the above configurations, the electric potential at each cortical patch was simulated using the finite element model (FEM) solver [9-10].

Analysis of fMRI data
[bookmark: OLE_LINK21][bookmark: OLE_LINK26]fMRI Expert Analysis Tool (FSL FEAT, version 6.0, www.fsl.fmrib.ox.ac.uk/fsl/fslwiki/FEAT) was used for the analysis of fMRI data. Preprocessing of raw fMRI scans included: head motion correction (MCFLIRT), high-pass filtering (1/60Hz cutoff), spatial smoothing (4mm Gaussian kernel FWHM), and co-registration to the T1 images (i. e. the partial EPI series was registered onto the whole EPI based on rigid body transformations, and the whole EPI was registered onto the brain extracted from T1 images via the boundary-based registration). A general linear model was used for the subject-level activation analysis of FDI movement. The resulting z-statistical map was corrected at a statistical threshold of P < 0.05 at cluster level using Gaussian random field theory. Then z-statistics were thresholded at 2.3 (corresponding to uncorrected P < 0.01) in each voxel within a given cluster.



Supplementary results
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Fig. S1 Stimulation grid and estimation scope on the cortex. (A) It's a sketch map of the simulation grid. The number in each grid indicates the group average of mean and standard deviation (in parentheses) of Euclidean distance (mm) of four edges of each grid. Row and column labels are CPC values (rows are Pnz and columns are Pal). A: anterior, P: posterior, L: lateral, M: medial. (B) Example of estimation scope (subject 2) in the red area. Blue points indicate the stimulation grid.
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Fig. S2 Similarity of motor maps from different algorithms. The similarity in terms of the geodesic distance between hotspots. 
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Fig. S3 The relationship between outlining threshold and group average area of motor cortex estimated by five algorithms.
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Fig. S4 The relationship between outlining threshold and prediction error (mm) of five algorithms. The dot with different colors indicates the prediction of the algorithm represented by the color on one subject.
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Fig. S5 The comparison of conservative Nmin required for reliable estimates. (A) It shows the relationship between number of stimuli and stability of peak region location of five algorithms. Examples are given for subject 4. Color numbers show Nmin of the five algorithms, the number of stimuli required for the distance of peak region COG ≤ 3 mm (shade region); (B) Violin plots show the distribution of the Nmin of the five algorithms. For each algorithm, conservative Nmin of each subject is represented by the blue dot. White dot represents the group-average Nmin of each algorithm. Asterisks indicate significant differences between Nmin of the algorithm plotted and that of another algorithm (represented by different colors). *P<0.05, **P<0.01, ***P<0.001 
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Fig. S6 Divergence between TMS and fMRI COG. (A) COGs estimated by the five algorithms and fMRI COG (black sphere) in individual MRI spaces (B) Euclidean distance between TMS COGs and fMRI COG significant differences were found (P = 0.002 for each algorithm). (C) Left panel shows the group-mean COGs estimated by five algorithms and fMRI COGs. Right panel shows the distance in terms of three axes (red, Y-axis; blue, Z-axis; yellow, X-axis). TMS COGs were located significantly more anterior (P=0.002 for each algorithm) and superior to fMRI COG (Pprojection = 0.002; Pmax-EF = 0.002; PEF-COG = 0.004; Passociation = 0.027; PMNE = 0.004). All box plots show median (black solid line), mean (black dashed line), interquartile range (box top and bottom), and 10th and 90th percentiles (error bars). *P<0.05, **P<0.01.
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Fig. S7 Instability of the maximum electric field cortical site. An example illustrates the instability of the maximum electric field (max-EF) site (subject 1). Two stimulation sites on the scalp (Euclidean distance 15.34 mm) with nearby cortical sites according to max-EF (Euclidean distance is 3.58 mm).


	Time
	Number of blocks
	Deviation between
TMS and fMRI mapping
	Reference

	Movement and rest (37 s)
	6
	Both lay within the omega region
	Boroojerdi B, 1999[11]

	Movement and rest (40 s)
	6
	Average deviation of the hotspot is 13.9 mm
	Lotze M, 2003[12]

	Movement 20 s, rest 40 s
	10
	Average deviation of the hotspot is 10.5-12.8 mm, and that of COG is16.4-18.1 mm
	Diekhoff S, 2011[13]

	Movement 20 s, rest 15 s
	5
	Average deviation of the hotspot is 12.9 mm
	Weiss C, 2013[14]

	Movement 40 s, rest 40 s
	6
	Connected with different network
	Wang J, 2019[15]


[bookmark: OLE_LINK38]Table S1. Block design in fMRI tasks for comparing the TMS and fMRI motor mapping.
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