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An answer sheet for the relative pitch task 1.

At 5-s intervals, one of 24 synthesized piano tones was

presented, and the participants wrote down the names of the tones except for the reference tones of a' =440

Hz, which were presented as the 1st, 9th, and 17th stimuli.

544 Hz.

10+

Number of participants

I Group C

The scores of the relative pitch task 1 for all participants.
classified into Group A (#=12, full points), Group B (#=22, 6-20 points), and Group C
(n=14, 0-5 points).

Relative pitch task score
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10

Fig. 2

fRE ST, Z ORI HEMLRESMT, HEE—IC
DWTHRRIENEDL A S NIz, RIHNFRICED 2
Ry VU= REIET S0, HEDAK S TIKHE
BofEE MRIIWC L>CaJffbd 5 2 T, ZDMEA
=R SR U 7o B E O HNIC X IR E MRI %
W, JKEEORESORHICE, T, 5EHHE &R (T,-wei-
ghted : T,w) & T, 5% 3 M & (T,-weighted : T,w)
O (Tyw/T,w k) Z2H WD, HNFREOMAZER

oooo:o0 oo

BRAIN and NERVE

15

Group A

20

The participants were

The tone pitches ranged from h=247 Hz to cis*=

W3 2 GEBAL 2 B LTz 5 2C, % DOINERAL % 3 5 1
FRHER RS & E 0 X 9 RBHRIC B B Do % ffEE1

FIZEH & 22 L7z D T,

1. KBRS mE

I. ff % Fi&

CZWmET B

FEBZINE 8N (B A, L33 A, FHFE

67%9%5 201549 A

2015/10/03 10:29:07



1149
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Fig. 3

A: A T,-weighted (T,w) image, B: A T,-weighted (T,w) image, C: A normalized “T,w/T,w ratio” image of a typical brain
(L, left).

For each participant, a T;w image was acquired using a fast spoiled gradient recalled sequence (FSPGR; TR: 7.4 ms, TE:
3 ms, flip angle: 10°, FOV: 256 X 256 mm?, 192 sagittal slices, resolution: 1 mm?®). A T,w image was acquired with a fast spin
echo sequence (Cube T,; TR: 2500 ms, TE: 80 ms, FOV: 256 X256 mm?, 192 sagittal slices, resolution: 1 mm?®). With the
default recon-all preprocessing tool [FreeSurfer v5.1.0 software (http://surfer.nmr.mgh.harvard.edu/)), we obtained the
segmented T,w images with intensity normalization and surface topology correction, but without surface inflation. By
using FSL [(Oxford Centre for Functional MRI of the Brain’s (FMRIB) Software Library 4.1.9; http://fsl.fmrib.ox.ac.uk/fsl/
fslwiki/) and FLIRT (FMRIB’s linear image registration tool)'® software with six rigid-body parameters, we registered the
T,w image to the segmented T,w image. To minimize contamination of grey matter voxels by white matter and cere-
brospinal fluid, we further resampled the T,w image using the spline interpolation with an applywarp tool of FSL”. By
using Caret software (5.5; http://brainvis.wustl.edu/wiki/index.php/Main_ Page)'?, we obtained a T,w/T,w ratio image
within the gray matter. We then normalized the T,w/T,w ratio images to the Montreal Neurological Institute (MNI) space
using statistical parametric mapping software (SPMS8; http://www.fil.ion.ucl.ac.uk/spm/software/spm8/)??, and smoothed
the T,w/T,w ratio images within the gray matter using an isotropic Gaussian kernel of 5 mm full-width at half maximum.
As the T,w and T,w signals are proportional to myelin content in opposite directions, we calculated the square root of a
voxel’'s value. All brain images (except those shown in Fig. 5) are shown using MRIcroN software (http://www.mccausland-
center.sc.edu/mricro/mricron/).
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A: The left posterior long insular cortex (L. insula), where T,w/T,w ratios in Group A were significantly higher than
those in Group C. The result of a #-test was thresholded at > 3.0 for the voxel level, and at corrected p <0.05 for the
cluster level (FDR correction). The right panel is a cross-section at the Sylvian fissure (a blue line in the left sagittal
plane) of the standard brain (A, auterior; P, posterior; L, left; R, right). B: Significantly higher T,w/T,w ratios for
Groups A and B than Group C (*corrected p <0.05) at the left long insular cortex. A yellow dot denotes the peak voxel
(=41, -7, -10). Error bars: the standard error of the mean.

Diffusion MRI data were acquired with a diffusion-weighted spin-echo echo-planar imaging sequence (b-value: 4,000 s/
mm?, TR: 17 s, TE: 110 ms, FOV: 192X192 or 216X216 mm?, 50 axial slices, resolution: 3X3X3 mm?®). For each
participant, a single image without diffusion-weighting (b0) was acquired first, and then diffusion-weighting was
isotropically distributed along 60 diffusion-encoding gradient directions. To register the diffusion MRI data, we
acquired a T,w image with an FSPGR (TR: 10 ms, TE: 4 ms, flip angle: 25°, FOV: 256 X256 mm?, 192 axial slices,
resolution: 1 mm?®). We first resliced 60 diffusion-weighted images to isotropic voxels of 1 mm?, and then corrected
eddy current distortions and motion artifacts using affine registration to the b0 image. We extracted the brain shape
from the b0 image, and created the binary mask image (i.e., zero for the outside of the brain).

Fiber orientations were estimated for the constant solid angle orientation distribution functions (ODFs) using a
spherical harmonic decomposition and residual bootstrapping, as implemented in the QBOOT (g-ball ODFs and residual
bootstrap) toolbox in FMRIB’s Software Library?”. By using FLIRT on FSL, we first coregistered the b0 image to
the individual T,w image. The T,w image was spatially normalized to the MNI space by using both affine and
nonlinear transformations with FLIRT and FNIRT (FMRIB’s Nonlinear Image Registration Tool).
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A: The left middle longitudinal fasciculus (MdLF) for a representative participant in Group A (shown in orange). Left
lateral and dorsal views of the brain are shown. B: The left MdLF for a representative participant in Group C. The seed
mask (red sphere) was positioned in the left long insular cortex of an individual brain (see below). The waypoint mask
was a 20-mm square (shown in blue) perpendicular to the Sylvian fissure, placed 50 mm posterior to the seed mask along
the fissure. We set five exclusion masks (thick black lines) that spared the temporal cortex as much as possible: a
diagonal plane on the Sylvian fissure (10 mm superior to the seed mask), a vertical plane just below the waypoint mask,
a sagittal plane attached to the medial side of the seed mask, a sagittal plane attached to the medial side of the waypoint
mask, and a midsagittal plane.

With the transformation matrices and estimated deformation fields of spatial normalization, a mask (a sphere of 10-mm
radius) at a region (-41, -7, -10) in the MNI space (see Fig. 4A) was transformed back to the native space of each
participant. We created a sphere with a 6-mm radius as the seed mask at the center-of-gravity of the transformed mask.
We performed a tractography as previously described??. With the use of the probtrackx tool of FDT 2.0 (FMRIB’s
Diffusion Toolbox)?, probabilistic fiber tracking was initiated from all voxels within the seed mask to generate 5,000
streamline samples, with a step length of 0.5 mm, 2,000 as the maximum number of steps, a curvature threshold of 0 (£
90.0°), and a loopcheck option. In the connectivity distributions obtained, each voxel value represented the total number
of streamline samples passing through that voxel. We then created a connectivity probability map for each participant
by dividing the connectivity distributions with the sum of the waytotal values, i.e., the total number of tracts generated
from the seed mask and through the waypoint mask. To remove any spurious connections, the pathways for individual
participants were thresholded to include only voxels that had at least 0.2 9§ connectivity probability values.
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A: A population probability map of the left MALF for Group A participants. B: A
population probability map of the left MdALF for Group C participants. The color
maps (>50 %) on the left lateral view are shown with a maximum intensity projection.
Note that the left MdLF pathways are more consistent near the seed mask for Group
A. The individually thresholded pathways of the left MdLF were spatially normal-
ized, binarized at the size of 2X2 X2 mm?, and overlaid across participants to produce
a population probability map. The voxel values represent a percentage of the number
of participants who showed a pathway through that voxel. Black circles and blue
lines denote the seed mask and waypoint mask, respectively. C: Differential percent-
ages of the number of participants between Groups A and C, plotted for the left MdLF
against the distance from the center of the seed mask along the Sylvian fissure (long
blue lines in the upper panels). Note that Group A (red line) showed larger percent-
ages from 15 to 40 mm (region of interest, ROI 1), whereas Group C showed larger
percentages from 40 to 65 mm (ROI 2). The lines a, b, and ¢ correspond to those in the
upper panels.
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An anatomical identification of ROI 1. The left panel is a sagittal plane (a thick line in the right panel).
The right panel is a cross-section at the Sylvian fissure (a thick line in the left panel). Note that ROI 1 spans
white matter in the Heschl’s gyrus and planum temporale, both of which include the major auditory areas.

Lines a and b correspond to those in Fig. 6.
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Abstract Relative pitch is the ability to identify a tone pitch based on external or internal pitches. Here
we used magnetic resonance imaging (MRI) to determine which cortical region is responsible
for relative pitch. Forty-eight participants were asked to listen to 24 piano tones, and then
write down the names of the tones (except reference tones of a* =440 Hz, which were intermit-
tently presented three times). We classified the participants into three groups based on their
task scores: Group A (n=12, full points), Group B (n=22, 6-20 points), and Group C (n=14, 0-5
points). We focused on the myelin of the gray matter, which can be visualized by the ratio of
MR signals from a pair of T,- and T,-weighted images. We found significantly increased
ratios in the left posterior long insular cortex for Group A. We also observed more consistent
pathways in the anterior region of the left middle longitudinal fasciculus for Group A compar-
ed to Group C, which passed through the left superior temporal gyrus. Because these regions
are involved in the processing of speech sounds, the present results suggest that the ability to
identify musical pitches is associated with universal linguistic abilities.
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