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ABSTRACT

Magnetic resonance imaging (MRI) is a key technology that has been seeing increasing use in studying the
structural and functional innerworkings of the brain. Analyzing the variability of brain connectome through
tractography analysis has been used to increase our understanding of disease pathology in humans. However, there
lacks standardization of analysis methods for small animals such as mice, and lacks scientific consensus in regard
to accurate preprocessing strategies and atlas-based neuroinformatics for images. In addition, it is difficult to
acquire high resolution images for mice due to how significantly smaller a mouse brain is compared to that of
humans. In this study, we present an Allen Mouse Brain Atlas-based image data analysis pipeline for structural
connectivity analysis involving structural region segmentation using mouse brain structural images and diffusion
tensor images. Each analysis method enabled the analysis of mouse brain image data using reliable software that
has already been verified with human and mouse image data. In addition, the pipeline presented in this study is
optimized for users to efficiently process data by organizing functions necessary for mouse tractography among
complex analysis processes and various functions.

Keyword: Connectome, Tractography, Probabilistic analysis, Deterministic Analysis, Structural Connectivity, DTI

[. INTRODUCTION 239 nj$ 2 ddatm glon, old 7%
Hpo = 2] ol alSo] AEls= Ad ) HELE A AH Alme 47144 240l & v
Aoln], o] 5< 917+ A S(Human Biology)S vl et AA7EA 3007078 =] - ApRbe] ALt
S A wAdFT Q7 Aol e oldsly] 9  ALE UERTHEL g 2Aeks S48 A
@y AuETR hesd A Ade arg B TS AuHela v Anges < 4
o] H wRIS ulgto g SAz}t 750 )3t ol 5 sHlo] 7] witel HIRFAl w2 AYFEs
2 2o 2 g FAAG 2 G Wy npex M F glew, A Ade] T el 4
b B ol @ st PEd, Hre LI
A, At AstelA 9 W shA F4 3ol IS AE A7) E 1 9 /FH(MRI: Magnetic Resonance
Azke] 71%%& olalst=dl 7ot} mpg-29] X Imaging)> H| 354 oz AAY 4 5
HoH U AR ATNAE LS AFF @ 4 e 4P A4 Ao, Hhese) A
0 ARE RAR )5S s R BR A o Algo] Frbaka ol S MRS 44o] &
steh#] Wsts Weled 783 Aow deA 9l 13t sl=gllo] 2 AFE Ao WAy B4l 3}
* Corresponding Author: Hyeon-Man Baek E-mail: hmbaek98@gachon.ac.kr Tel: +82-32-899-6678 507

Address: 155, Gaetbeol-ro, Yeonsu-ku, Incheon City, Korea



Analytical Methods for the Analysis of Structural Connectivity in the Mouse Brain

o>

Ao dHew HE gidor AR Al

=]
T

M = o> Koo 2
= do
= 2
i
L so
r>
o
-1
Y
2
=
e
o
i
it
ne
o

¥

o
>
>,
N
o
>
X
)
H
=
=
=
=
Q.
9
=
H
o
=
w2
&
=
—
=i
o
ag,
=)
)
R

7t
Tractography
o] ofz] A4
of A7 st
I TH Tractography
54 7153 e 94 95 AEcr] 98
A}7)8 % 4 /(IMRL:  funtional
Resonance Imaging)¥} o]e]dk -2 J 93 44 4
2o AHE g5 & F += Tractographys &
540l A= UEYA delA Jd3t
| H]

bl
e Aledoma ¥ x99

fF oft %2 > o ¥ mE o% Ob offt ox
Mmoo
W foowe Mo
) J
o
N
ko
ot
oL
i
ru
o
fru

=

Magnetic

A

A

MRI =702 BG4 BHyow Al |i&
& Ak SHAEE =2 RS gdsh] 9
A w2 AAZEY FE8] 11 2] da
shA fr 53] k-0 A Q17ke] ¥ A
2 RS 2] flEd oe Rl Atk oy
EAZ 237 s A 2(Ex-vivo) A o]
e 9o, A Hdn-vivo) AFolM A& F
e EL AR IS g5 & 5 ol

Tractography’= A 2424 W7 G5eA
=
=

.
WHoE Rised, B Eee

: g4<
= A A9E A% A e dE"elt 2
44 TractographyE A8t frilo] 74 Al
A g E kel wel 2AE] ¢l 2 54T
F4E vs AR WP A8 i g5
&4 Tractography+= 7} Aol thef M vk 2
7t FAE 4 A wEke A6 Aal &
¥o sl FASE FEA? AR A e
AR i F429 nfe BEES 2HE &
glar 3 Fo Wkt ol =d s W AS
5 Uil g5 U AdE 4 A=
o] gE4 NFEE A¥st & davt e 4¢
W ohs A sta ssks $d Rl

2 dHA i A nt FEEAH WS HAE
of v ow Q& AT AF7F A3 ARY
SAo] ATHPL ol#fgt o2 AAHEA WHE
= %o]

7}
7} 524 HE F o] Tractography HH
FHeAE oA Buy o

- @7ddlolE e dA
%

2] Ak A Hlof| tjgh #3h4
go7h fivh webA BrEE 3= e g A
Egole] MY 2ALS ALLF BFE Atlas §lo] A

[e)
98 DA Arse] EAS g LZEo]
7 BEFAL F2H 9 /15 MRI 2% o

g G Es SHeHA ¥v HAHEe] A
tHL 53] @A vl 7bsd o] AlEmel A &
N 8 AT Fo wao] YeERA Al
ZEAe a3t Ho] JA% 32k AtlasE W=
= A wg ofElR ZgolH, AlEste] 7|yko]
H= sl = MR 97 dlolE et §A -8l
gk F& oS eE 8-Sl o] gt o] & mf
229 FE2EE 9 Tractography 4ol = A5
o

Atlas®t AT ESJolE W F4 vjo]zZelo]

i<l

oAl A HE 7PE AAE AR deA Sl
= 3D "2 3 Atlas®l  Allen Mouse Brain
Atlas(ABA)?" = A}8-3F 4= 2l Atlas Normalization
Toolbox using elastix2(ANTx2)2} o]v] HZ o] W
AT7F A = HEA A2 E Q] MRirix3
9} FMRIB software library (FSL) ~12]3l DSlstudio®]
7Ies A4 Agste] nhe2 HY 2 B U '
e @ T de GEEH Tractography et Z2AH 4
Tractography =21 WS #A|Alstazl gt} o] A+
= o) Ao o T,

II. MATERIAL AND METHODS

1. T ¥H 2 A73HIEMR) 5
T

H]

AN

1.1
Aol AFEH whe~

C57BL/6] 22(85FH A

o] AtgEAL FEAFE L IALY s EA AL

015 H 3|(AAALAC Iternational)®] A%< ujg} 4=

=)
=




"J. Korean Soc. Radiol., Vol. 15, No. 4, August 2021"

grdom, 7ddigtn o] dojdddATde] A
& 5= AlE(CACU: Center of Animal Care and Use,

AN sEddAA A F AHHAg

1.2 A A-2](Ex-vivo) 238 4]

Ao AFEE PRt BE YRS B4
8l MEHst Hdek WA EekA(isoflurane, <]
Aok, Me)es 35 vhEE vh-2E PBS &
(Phosphate-buffered saline, welgene, US), 10% sucrose
&-o (C12H22011, S8501; Sigma-Aldrich, St Louis,

MO, USA), 4% paraformaldehyde (HO(CH20)nH,
30525-89-4; Sigma-Aldrich, St Louis, MO, USA),
0.1% Magnevist® (Magnevist, &= A 2F, A]&)o =
A O 77 AT o] %, whe-o]
& wosta FlE F99 95 252 AA
A7t B FES 4ColA 0.1% Magnevist/
phosphate 8ol 247 3UZF wikE A,
fomblin (Y25/6, Solvay, Brussels, Belgium)©] &

= FRo A MEH 3 Th Ex-vivo A

WS Qofgh vlo] ekl Fig. 10 AA H At
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Fig. 2. All analysis pipeline of the mouse brain. Segmentation and preprocessing pipeline(A), Deterministic
Tractography pipeline(B), Probabilistic pipeline(C).
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Fig. 3. 3D rendered brain shows the slice number to verify the location of the segmentations (Top left), segmentations
overlaid on 3D T2 image data (Top right 1-6), Detailed views. (bottom).
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Fig. 4. A deterministic tractography(A) and probabilistic tractography(B) connectivity matrix of the mouse brain.
Relative connectivity were estimated between 10 anatomic regions with a logl0 scale color map. The tractography
seeds (top row) and targets (left column) are displayed as volume renderings.
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