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1. Introduction

ition i*: UNIVERSITY OF
4P CAMBRIDGE




Intellectual disability
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\ 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
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\ DSM-V (APA, 2013) Diversity

L. . = 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

L. . = 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
= Aetiology
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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

ition i*: UNIVERSITY OF
4P CAMBRIDGE




MRC Cogni
and Brain
Sciences U

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
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ZDHHCO9 functions
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(2016). Current Topics in Membranes (Vol. 77, Dynamic Plasma
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/DHHCO9-associated XLID: Neurology
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ZDHHC9-associated XLID: Adaptive function
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/DHHCO9-assoclated XLID: Language tests

Standardised language test battery Verbal Motor Production Assessment
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ZDHHC9-associated XEHIP RE and DLD

What neuroimaging questions would you ask?
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ZDHHC9-associated XEHIP RE and DLD

How iIs 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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/DHHCO9-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
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/DHHCO9-associated XLID: tractography
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ZDHHC9-assocliated XLID: Structural connectome
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Figure 1. Overview of the processing steps to derive the diffusion-weighted
structural connectome.
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ZDHHC9-assocliated XLID: Structural connectome
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ZDHHC9-associated XEHIP 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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ZDHHC9-associated XEHIP 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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ZDHHCO9-associated XLID: MEG

1. Resting state acquisition (2 x 6 minutes)
2. Passive auditory roving oddball acquisition (2 x 6 minutes)
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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. 8§ = preceding stimulus to deviant. D = Dewviant. R1= Repeat 1.
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ZDHHC9-associated XLID:

Raw MEG data Spatial maps of each
acquisition state
* 9 minute resting state Partial correlation of state
* 12 minute auditory oddball timecourses onto parcel
task amplitude envelopes
Elekta VectorView MEG SPM | 2 andWorkbench vI.2.3

v )

Preprocessing Hidden Markov Model
External noise removal, Group level exploratory
downsampling, and temporal analysis of networks to infer 8
ICA to remove oculomotor states, from unique patterns of

and cardiac artefacts group-level covariance over

the 38 amplitude envelopes
Maxfiler v2.1, SPM12 GLEAN toolbox (OSL) in SPMI2

v 4 v

Co-registration Concatenation of Group comparison of
state temporal statistics
s

each state is ‘active’ used to
quantify state dynamics

Temporal statistics of
each state
State timecourses of when
GLEAN toolbox ( 0SL) in SPMI2

parcel, and weighted by the
normalized activity level within

each parcel

Gene expresslon
Gene expression level of
ZDHHC? obtained for each
Allen Brain Atlos, MATLAB

Co-registration of MEG data participants
to individual T I-weighted Imm Amplitude envelopes Permutation testing to
compare temporal statistics

MRI scans temporally concatenated
for each state between group:

OSL toolbox in SPM 12 OSL toolbox in SPMI 2 MATLAB

v 4 v

Test ZDHHC9 gene
expression in each state
Permutation testing for high
levels of ZDHHCY gene
EXPI‘ESSIOI'I across each state
MATLAB

Beamformer
Lowpass filtering at 4-30Hz
R SEHIE R SeonstHiRHoN wsTHE
8mm grid

Amplitude envelope
estimation
Estimate amplitude envelopes
of 38 parcel-wise oscillatory
timecourses using a Hilbert
transform

OSL toolbox in SPM 2
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MEG networks and HMM

RESEARCH ARTICLE

Functional network dynamics in a neurodevelopmental
disorder of known genetic origin
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ZDHHC9-associated XLID: MEG networks
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ZDHHC9-associated XLID: MEG networks

Resting State

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

Oddball Task
p-value of group difference on temporal dynamics in each state
High 0 02 0.4 0.6 0.8 I
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States ranked by magnitude of ZDHHCY gene expression



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

_ _ Molecular / cellular Clinical phenotype
Mutations in ZDHHC9, Which Encodes a Palmltoy}transfera;e of . . - _ . .
NRAS and HRAS, Cause X-Linked Mental Retardation Associated Pal m |t0y|at|0n : =5 : 3 Nk e == Selzu re ”Sk

with a Marfanoid Habitus
. A | ™,

Synaptogene3|s gig, ' ' ) Language

Plastlc:lty 0N b o Al R N _ . Attention

Brain structure RN = = e w Neurophysmlogy
Subcortical-cortical systems % TR Excitability
MRC Cognition MO Distributed cortical networks p S Adaptlve processing

and Brain
Sciences Unit

@2V [ ocal and global connectivity S Network dynamics



4. |deas 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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