MRC Cognition
and Brain
Sciences Unit

2B UNIVERSITY OF
4¥ CAMBRIDGE

Application of neuroimaging
to understand rare genetic disorders

Dr Kate Baker, Programme Leader and Honorary Consultant

COGNESTIC 26 September 2024



Outline

Introduction to an applied neuroimaging challenge
Discussion of opportunities and constraints
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Intellectual disability

\

\ \ DSM-V (APA, 2013)

1. Cognitive impairments

2. Adaptive functioning

3. Onset during development
Typically 1Q <70 = 2.5% (1-3%)
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Intellectual disability

\

: \ DSM-V (APA, 2013) Diversity

. . = Cognitive profile
1. Cognitive impairments . Adaptive impact

2. Adaptive functioning » Developmental trajectory

3. Onset during development = Associated characteristics
» Neurological heath

Typically 1Q <70 = 2.5% (1-3%) * Physical health
= Mental health

= Neurobiology
= Social and cultural context
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Genetic Diagnosis in ID — past, present...
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Genetic Diagnosis in ID — past, present...
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Opportunity

\

| \ DSM-V (APA, 2013) Diversity

. . = Cognitive profile
1. Cognitive impairments . Adaptive impact

2. Adaptive functioning » Developmental trajectory

3. Onset during development = Associated characteristics
» Neurological heath

Typically 1Q <70 = 2.5% (1-3%) * Physical health
= Mental health

= Neurobiology
= Social and cultural context
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2. Discussion

A. What are the cognitive neuroscience guestions arising from
genetic diagnosis in ID?

B. How can neuroimaging address these questions?
C. What are the constraints?
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3. One example
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REPO RT The American Journal of Human Genetics Volume 80 May 2007

Mutations in ZDHHC9, Which Encodes a Palmitoyltransferase of
NRAS and HRAS, Cause X-Linked Mental Retardation Associated
with a Marfanoid Habitus

F. Lucy Raymond,” Patrick S. Tarpey,” Sarah Edkins, Calli Tofts, Sarah O'Meara, Jon Teague,

Adam Butler, Claire Stevens, Syd Barthorpe, Gemma Buck, Jennifer Cole, Ed Dicks, Kristian Gray,
Kelly Halliday, Katy Hills, Jonathon Hinton, David Jones, Andrew Menzies, Janet Perry,

Keiran Raine, Rebecca Shepherd, Alexandra Small, Jennifer Varian, Sara Widaa, Uma Mallya,
Jenny Moon, Ying Luo, Marie Shaw, Jackie Boyle, Bronwyn Kerr, Gillian Turner, Oliver Quarrell,
Trevor Cole, Douglas F. Easton, Richard Wooster, Martin Bobrow, Charles E. Schwartz, Jozef Gecz,
Michael R. Stratton, and P. Andrew Futreal
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ZDHHCO9 functions

(A) Plasma membrane

Vesicle ‘.

Transport
KDiffusion Diffusion | E|

Fukata, Yuko, Murakami, Tatsuro, Yokoi, Norihiko, & Fukata, Masaki.
(2016). Current Topics in Membranes (Vol. 77, Dynamic Plasma
Membranes - Portals Between Cells and Physiology). Elsevier.
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/DHHCO9-assoclated XLID: Neurology

Family 152 Family 031 Family 576
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ZDHHCO9-assoclated XLID: Adaptive function
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ZDHHCO9-assoclated XLID: Language tests

Standardised language test battery Verbal Motor Production Assessment
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ZDHHCO9-associated XEIP RE and DLD

What neuroimaging questions would you ask?
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Z/DHHC9-assoclated XD RE and DLD
How Is brain develepment structure and function altered?
How does this relate to communication difficulties?

How does this relate to ZDHHC9 expression?

Prediction from RE literature = we won't find anything much
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ZDHHC9-assoclated XLID: Neuroradiology
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ZDHHC9-associated XLID: VBM

A) Grey matter: cases (n=7) < controls (n=7)
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/DHHCO9-assoclated XLID: Cortical morphometry

cortical thickness cortical area

Left Hemisphere Right Hemisphere Left Hemisphere

Right Hemisphere

Neurolmage: Clinical Nentolage
CLINICAL
journal homepage: www.elsevier.com/locate/ynicl ”

Structural brain abnormalities in a single gene disorder associated with \!)..,.‘m
eye O epilepsy, language impairment and intellectual disability
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/DHHCO9-associated XLID: tractography
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Reduced FA, increased MD / RD:

CC1. CC I, CC Il Right and left arcuate fasciculus
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No differences in CST
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Joe Bathelt®*
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Reduced FA, increased MD / RD:
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ZDHHC9-assoclated XLID: Structural connectome
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Figure 1. Overview of the processing steps to derive the diffusion-weighted Advancs Access Publication Date:7 February 2017
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ZDHHC9-assoclated XLID: Structural connectome

3814 | Cerebral Cortex, 2017, Vol. 27, No. 7

Global reductions in
all FA-based graph metrics “ O @ @
= Node degree " Node degree Node strength

» Node strength ‘“‘Q

= Clustering co-efficient
H () (d)
o etiene ‘ * , 0
Clustering co-efficient ocal efficiency
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ZDHHCO9-associated XEIP RE and DLD

How is brain develepment structure and function altered?
How does this relate to communication difficulties?
How does this relate to ZDHHC9 expression?

Prediction from RE literature = we won't find anything much
= Subcortical and CC volume reductions
= Cortical thickness reductions
= Extensive reductions in WM integrity
= Connectomic differences converging with typical ZDHHC9 expression
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ZDHHCO9-associated XEIP RE and DLD

How is brain develepment structure altered?
= Subcortical and CC volume reductions
= Cortical thickness and WM integrity reductions
= Connectomic differences converging with ZDHHC9 expression

» Cross-disorder case control designs?
= Within-sample dimensional and brain-cognition analyses?
» Integrate with developmental cohort data?
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ZDHHC9-associated XLID: MEG

1. Resting state acquisition (2 x 6 minutes)
' 2. Passive auditory roving oddball acquisition (2 x 6 minutes)

“\

' Frequency (Hz)
"Craavi?’ x A
1000 n=7 n=9
500 n=8 n=10 n=12
250 n=6 ‘ ‘ n=11
SDR:... SDR: ... SDR;.. SD D Time (ms)

The stimulus sequence consisted of stimulus trains of a random variable number, indicated by variable n (from 6 to 12 repetitions) of identical standard stimuli (indicated by vertical lines)
within trains. The frequency varied randomly (between 250Hz, 500 and 1000Hz) from train to train as indicated by the different height of the vertical lines. Tone lengths were S0ms, with
inter-tone intervals of 500ms. § = preceding stimulus to deviant. D = Deviant. R1= Repeat 1.
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ZDHHC9-associated XLID: MEG networks and HMM

Raw MEG data Spatial maps of each Temporal statistics of
acquisition state each state
* 9 minute resting state Partial correlation of state State timecourses of when
12 minute auditory oddball timecourses onto parcel each state is ‘active’ used to
task amplitude envelopes quantify state dynamics
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ZDHHCO9-associated XLID: MEG networks

Resting state networks
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ZDHHCO9-associated XLID: MEG networks

Resting State

p-value of group difference on temporal dynamics in each state
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ZDHHCO9-associated XLID: MEG networks

Oddball Task

p-value of group difference on temporal dynamics in each state
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ZDHHC9-associated XLID: MEG AEFs and MMN

a. Control group AEFs
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ZDHHC9-associated XLID: E-I RNN modelling
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3.0 perturation teves -
i ~ N
o

2.5 0.5%

—_— 1%
b. Model c. Targets 20 — =
— 2.5%

1.5 — %

a. Inputs
Standard
1.0

— 35% K . ! AN N
1000 - Standard trials e AN 7" N N
0.5 NN . NN
750 03 n N / .
500 5 _E: . -~ ; =
. " .D .D .D .D 0 100 200 300 400 500
& - .D 'D i .) ‘) ) Time (ms)
. : .D.D.D (> - Deviant trials 25_’6 Experiment 2 ’
Perturbation level 5 /

RNN Prediction

Frequency (Hz)

0 100 200 300 400 S Gt
Time (ms) ‘ : €0 utpuf
B 6O
eviant s . \ \ 17.5 g?);% ——D /
‘ ‘ V g — 1% ‘.'
- 15.0 1.5% !
g —_— 2% J|
N 2125 25% { .
< 750 03 g — ?;,” .fl J/
3 81001 Tl / '
3 500 =
El o = 15
£ =
- * 50
250 01 L
2.5
0 00 e e e A e e
0 100 200 300 400 500 0.0
Time (ms)
0 100 200 300 400 500
d. Loss over training epochs e. Model outputs . Time (ms)
: c. Experiment 3
0.46 1 = Training loss - Standard
—— Validation loss c 10 —— Deviant L Era— <
. st turbaton —
0 0.44 S 1.04 0.5% .‘r A\ --- D
z g o =m0 N
") a o f \
8 042 = 00 g 057 T e i
- z = — %
o Y gpf — 3%
0.40 -05 WEJ —
2 4 6 8 10 0 100 200 300 400 500 ; —0.54
Epochs Time (ms) =
=10
—1.51

P~

UNIVERSITY OF
CAMBRIDGE

300 400 500
Time (ms)

0 100 200

MRC Cognition
and Brain
Sciences Unit




ZDHHC9-associated XLID

How is brain develepment function altered?
» Same functional networks present in cases / controls

= Resting state — limited dynamic differences, correlating with
expression topography

= Oddball networks — dynamic differences appear phenotype-relevant,

RNN model can recapitulate group differences and is sensitive to
loss of inhibition
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ZDHHC9-assoclated XLID: progress
How Is brain develepment structure and function altered?

How does this relate to communication difficulties?
How does this relate to ZDHHC9 expression?
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/DHHCO9-assoclated XLID: progress

HEPORT _ _ _ Molecular / cellular Clinical phenotype
Mutations in ZDHHC9, Which Encodes a Palmitoyltransferase of . . = < . . .
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4. ldeas for future directions
How Is brain develepment structure and function altered?

How does this relate to communication difficulties?
How does this relate to ZDHHC9 expression?
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Would you like to join our team?

1. Research assistant
position currently
advertised on the MRC
CBU website

2. Open to PhD applications
this term for starting Iin
October 2025
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