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Resting state fMRI (rstMRI) and “functional connectivity”
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https://www.123rf.com/photo_79927572_brain-sketch-vector-colored-hand-drawn-human-brain-front-view-line-work-blue-.html

....nowever the brain is a dynamic system

Allen et al., 2014



Time-varying functional connectivity mapping

Allen et al., 2014



Leonardi et al, Neurolmage, 2013

rsfMRI networks undergo dynamic configurations



Limitations of sliding-window approaches

» Computational demanding — brain parcellations

» Arbitrary choice of window length and overlap

> Correlation based measures



Can we map rsfMRI| dynamics
without using correlation?



Point-processes analyses
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Relevant network features can be observed from single
fMRI frames at local extrema of key regions

Liu et al., 2011, PNAS; see also Tagliazzucchi et al., 2010



Selective fMRI frame averaging reconstitutes rsfMRI network activity
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Co-Activation Patterns (CAPs) - mean BOLD signal






Can we map mouse rsfMRI dynamics with
voxel resolution?

http://psychologyrats .edublogs .org/



http://psychologyrats.edublogs.org/

Selective fMRI frame averaging recapitulates networks of correlated activity
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Selective fMRI frame averaging recapitulates rsfMRI network activity

Mean CAP (ACQ)
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Gutierrez-Barragan et al., Current Biology 2019
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Optical imaging show wave-like
hemodynamic activity in the mouse
dorsal cortex

Matsui et al., 2017, 2018
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ldentification of recurring brain states through
whole-brain fMRI frame clustering
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A few recurring states govern mouse rstfMRI dynamics
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Cluster number selection

K=6 CAP1 CAP2 CAP3 CAP4 CAP5 CAP6
- K=6 CAP1 CAP2 CAP3 I(QFH— 6AP5 CAP 6 Dataset 1 , N= 40, 500 volumes
@ _ K=6 CAP1 CAP2 CAP3 CAP4 CAP5  CAP6
@ . Dataset 2, n = 41, 300 volumes
0.82 0.64 0.53 0.74 0.50 0.52 f
o 0.82 0.64 0.53 0.74 0.50 0.52 Dataset 3, n= 23, 500 volumes
£ o 0.82 0.64 0.53 0.74 0.50 0.52
(70}
) AN
. 090 053 0.45 0.63 0.75 0.72 ]
A . 090 0.53 0.45 0.63 0.75 072
3 % 0.90 0.53 0.45 0.63 0.75 0.72
5 g :
5 g
K=7 ©
"' CAP1 CAP2 CAP3, _GAP4 CAP5 CAP6 CAP7
- CAP1 CAP2 CAP3 CAP4 CpR5; CAP6 CAP7
0 CAP1  CAP2 CAIK 3A74 CAP5 CAP6 CAP7
= »
0.78 0.71 066 = o068 069 059 076 @
N 0.78 0.71 0.66 0.68 0.69 0.59 0.76
@ ~ 0.78 0.71 0.66 0.68 0.69 0.59 0.76
(%)
a AN
. 089 0.80 0.55 0.49 0.78 0.78 -0.01 ]
A . 089 0.80 0.55 0.49 0.78 078 -0.01
o 3 . 089 0.80 0.55 0.49 078 078 -0.01
@) ] %
G 2
K=8 ©
CAP1 CAP2 CAP3,_GAP4 CAP5 CAP6 CAP7 CAP8
- CAP1 CAP2 CAP3 CAP4 CiRB53 CAP6 CAP7 CAP8
@ CAP1 CAP2 CAP3 CAP4 CAP5 CAP6 CAP7 CAP8
%) —_ 8
e 5 K
0.85 0.80 0.46 0.75 0.61 0.68 0.66 038 &
o 0.85 0.80 0.46 0.75 0.61 0.68 0.66 0.38
A ~ 0.85 0.80 0.46 0.75 0.61 0.68 0.66 0.38
2 AN
. 090 0.81 045 = 062 0.81 0.78 -0.14 082 A
A . 090 0.81 0.45 0.62 0.81 078 -0.14 -0.82
o 3 0.90 0.81 0.45 0.62 0.81 0.78 -0.14 -0.82
O °

Chdg**

ey
Gutierrez-Barragan et al., Current%iology 2019



o

Recurring functional states of the mouse brain
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Brain states can be reliably mapped at the single subject level

Clustered frames — representative subject

CAP 1
CAP 2
CAP 3
CAP 4
CAP 5
CAP 6
T-score
2 I 10
2.1 I 10

Gutierrez-Barragan et al., Current Biology 2019

Voxel-wise incidence of subject-CAP co-activation
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Mouse brain states can be grouped into “state” and “anti-state” pairs
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Do fMRI brain state
exhibit oscillatory
activity?
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Gutierrez-Barragan et al., Current Biology 2019



Brain state exhibit oscillatory dynamics

__60s

Gutierrez-Barragan et al., Current Biology 2019



fMRI states exhibit gradual assembly and disassembly
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Brain state exhibit oscillatory dynamics

30

Global fMRI signal
CAP power spectra power spectra

Gutierrez-Barragan et al., Current Biology 2019
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Mouse brain states occur at specific phases of global fMRI signal
oscillation

60 s
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fMRI functional states act as coupled oscillators
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Interim conclusions (1)

Oscillatory brain states govern spontaneous
rsfMRI network dynamics

—
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rsfMRI network activity is disrupted in brain disorders

Zhao et al., frontiers nhum, 2013
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rsfMRI overconnectivity in a genetic models of autism (CHD8 haplo-insufficiency)
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Altered brain state topography in a genetic mouse model of autism
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- X CHD8 mutapts extiibit rsfMRI functional over-connectivity

P 6 regression 0.457 G S regression

— Chd8*"*
0.30 A /
=+ /-
:|: E — Chd8
*
= ,,,f-s—fMR'[”geed_Corr%|lasti-)n 0.45 Correlation to S$ 0.451 CAP 1 regression 0.45 1 CAP 2 regression 0.457 CAP 3 regression

Chd8*"> Chdg**
e

A

) -0.15 -
OQ OQ
R R o
o % ©
HCK HoP1
0.451 GS regression
Chd8++
0.30
Chds*-
. 0.15
T-score (difference) s
2 0 0.00 0.00 0.00 ———— . _|:
0.15 N v > » > v > ™
0.154 oQ\/ on qu, OQ“ <\°Q g\oq \on ;aoq 0.15 %QF‘Q e*boq %Q‘OQ %\%('Q
6%\ 6)2\ 6%\ 6:2* 2 2 2 2 ) ) o )
) % % 2

Gutierrez-Barragan et al., Current Biology 2019

32



P 6 regression

0.45 A

~ 0.30 4
\D/]

¢ QAtxpicaI bll‘gm stafes may bé implicated in rsfMRI over-connectivity in CHDS8

mutants

G S regression

— Chd8g**
— Chd8*"-

~T1stMRI| seed- Corre|lat| DN 0.45 Correlation to- SS 0.45 7 CAP 1 regression 0.45 7 CAP 2 regression 0.45 CAP 3 regression
Chd8*-> Chd8*"
0.30 1 0.30 1 0.30
- - : e
HCP 2
/\ 0.15 - 0.15 - 0.15+
v > /\u -
) -0.15
QQ QQ 0.00 0.00 0.00 T T T
R R 5
%fo ) @ g % Q > Q % ™
0.15 - R R 0.15- R R 0.15- R R R
HCP 4 HCP 1 o = o o = = %' 5° 5° =
\ / ) % % ° ) 2 ) 2 2 o
0.45 7 CAP 4 regression 0.607 0.457 GS regression
0.45
0.30 1 0.301
/\__
0.30
*
. 0.151 * 0.154
T-score (difference) | oasd
0.00 1 T T T 0.00 . . 0.00 T T 0.00
0154 < OQ{L OQQ’ OQ" -0.154 < & 0.15° OQ'” Oq'” 0.15-
b X X X N N o’ o o 5 o
o 2 o 2 . o’ . o & X & o

Gutierrez-Barragan et al., Current Biology 2019

33



Altered regional BOLD dynamics in CHD8 mice at specific states

BOLD (A.U) HCP

SS1
1 frame=1,2s
34

|
|




Interim conclusions (2)

Oscillatory brain states Atypical brain states can
govern spontaneous explain FC aberrancies in
rsfMRI network dynamics models of ASD
CAP 1

0.60 Correlation to SS 0.60 1 CAP 1regression

Neural

drivers of
CAPs?

Where, When, and How FC
differences in ASD occur?
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Comparable state anti-State configuration also found in the human brain



Conclusions

» fMRI dynamics can be mapped with voxel-resolution in
the mouse

» Oscillatory fMRI states govern rsfMRI dynamics and
can explain rstMRI “connectivity” disruption

» States topography shaped by ascending modulatory
activity
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