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Motivation 1: Dense structural network




Motivation 2: Dense functional network

| | monozygotic (MZ) pairs
|4 dizygotic (DZ) pairs
9 same-s




Reward experiment

delay
Cue for reward White star flashes Feedback
$0,$1, %5 on screen.
Win if the response 9cond|t|ons(eachcondltlonalso
button is pushed in time ‘includes a time and a dispersion
derivative):
delay for $0 trials
- delay for $1 trials
3 runs of 40 randomized trials. - delay for $5 trials
- reward $0
40 $0 rewards - reward §|
- reward $5
40 $| rewards  miss $0

40 $5 rewards - miss §)
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Heritability index (HI) determines the
amount of variation due to genetic
influence and usually estimated using
Falconer's formula:

HI;, =

2| puz (Vi) — poz(vs)




Heritability Index (HI) map: fMRI

Correlation of MZ-pairs Correlation of DZ-pairs




Jackknife on Heritability Index (HI)

Mean of jackknife resampled HI t-statistic map on jackknife

p-value (corrected)
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Heritability index (HI) does not tell us
about the genetic influence on brain
networks.

Heritability graph index (HGI):

HGIZJ — Z[QMZ(Uip Uj) — QDZ(U’iv Uj)]



, MZ cross-correlation - DZ cross-correlation
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more than 337 million correlations

more than 3 million connections above
correlation 0.7






Centered and scaled data

n paired images in p voxels (n < p)

Xy (Vi) k-th image intensity value at voxel v,

YV, (Vi) k-th image intensity value at voxel v,

i'xk - iyk =0
k=1

k=1

x=(x, %) y=0ny,)

[ == ol = vy =1



Sparse cross-correlation

Sample correlation at v,and v x'(v;)y(V;)

Cross-correlation x'(vi)y(vj) minimizes

> - ,50)|

=1 j=I

Sparse cross-correlation: [ = (/)’l.].)

f = argmin,, %ii x(v,) = By(v,) +Az|/3ij|

i=1 j=I



Sparse correlations

p P 2

= argmin,, %zzux(vi)—ﬁljy(vj)” +)LEI p; |
1= j=1 l,]

Adjacency | |

matrix Sparse network

b (A)=- liffg’l.].;é() G(A)

O otherwise

0.1 @

@

-0.4

A=0.3
0.2

D C




Sparse cross-correlation via soft-thresholding

Sparse optimization Soft-thresholding
a,(A)=- Lif B.(A)=0 b, (3) =- Lif le'(v)y(v;) > A
0 otherwise 0 otherwise

G(A‘I)DG(AQ)DG()G):)'”
for A=A =sA =--

Chung et al. 2013 MICCAI; 2015 IEEE Trans. Medical Imaging



x X 0.3 -0.1
X X X 0.9

x 04 0.5 -0.7
Xy =

Sparse cross-
correlation

Soft-
thresholding

0.1 @
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Heritability Index (HI) map: fMRI

Correlation of MZ-pairs Correlation of DZ-pairs




Hl-values at 100 nodes
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in 100 nodes

index (HGI)

Heritability graph

Cross-CorreIations in MZ-

Cross- Correlations in DZ-twins
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Heritability Graph Index (HGI) thresholded at correlation 0.5
= graphs obtained at sparse parameter 0.5

Cross-correlation of MZ-twins  Cross-correlation of DZ-twins Heritability graph index (HGI)



Heritability Graph Index (HGI) thresholded at correlation 0.5
= graphs obtained at sparse parameter 0.5

MZ-twins DZ-twins HGI

3000 nodes visualization












MZ-twins have more clusters of higher correlations

3><1O4 | | |

- = MZ-twins
—DZ-twins
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MZ-twins have more clusters of higher correlations
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Betti number (3

Inference on Barcodes

’, BQ()\) — _(PDI()ntroIs ]

0.4 0.5 0.6 0.7 0.8 0.9 1

Filtration value \

KS-like Statistic: Ma= |B1(A) — Ba(M)]

Inference by Jackknife resampling

pvalue =0.001



