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From Genome to Syndrome?
Example for Neuropsychology

Environment

Clusters of symptoms that co-occur are called
“syndromes"” (e.g., schizophrenia)

Disturbances in brain function relative to societal
expectations are called “symptoms” (e.g., delusions)

Neural system activity underlies various brain functions:
perception, cognition, emotion...

Cellular systems organize to form complex systems and
neural networks in the brain

Groups of cells aggregate to form systems, metabolic and
signaling pathways, execute cell functions

~500K -2M Proteins: building blocks of cells, enzymes, and
more

3 Billion base pairs in human genome -> 20K “genes”
(chunks that code for proteins)
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Knowledge Base Development
for Biomedicine

* Genetics, genomics, and proteomics (Entrez GEO, Gene,
Protein, OMIM, SNP, ...)

* Controlled vocabulary resources: UMLS/MeSH,
Metathesaurus, Semantic Web, OntoWorld, “Web 2.0"

* "Phenomics” DBs (mostly plants, mouse so far)

» Comparable developments for cognitive neuroscience
and neuropsychology?

* If available, would enable connection of NP findings to
other sources of biological knowledge (genetic,
proteomic, -omic)
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Cognitive Atlas
| *The Cognitive Atlas is conceptualized
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* Hypotheses for complex neuropsychiatric
syndromes demand representation at
multiple levels and span multiple biological
scales

nferior
refrontal

corex puls * Plausible mechanistic hypotheses should
have representation at all levels

prefronta
cortex

Q)

* Strongest hypotheses are those possessing
paths with strongest effects

dopamine
transporter
activity

Signaling

* Causal models can be constructed,
compared (goodness of fit); results can rule
out dead ends (pruning) or suggest areas
where evidence could yield transformation of
current knowledge

@

Graph representation of multi-level M
hypotheses for neuropsychiatry research




Multilevel Models from Biology

to Psychology:
Mission Impossible?

Bilder RM, Howe AG, Sabb FW
Journal of Abnormal Psychology, 2013 Aug;122(3):917-27.

It might be argued that the task of the psychologist, the task of
understanding behavior and reducing the vagaries of human
thought to a mechanical process of cause and effect, is a more
difficult one than that of any other scientist.

(D. O. Hebb, 1949, p. xi)
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Table 1

Examples of Ontologies or Descriptive Systems Used to
Represent Concepts and Relations Among Concepts for Levels
of Analysis From the Syndrome to the Genome

Level of analysis

Example ontologies/descriptive systems

Syndrome

Symptom

Cognitive

Neural system/circuit
Cellular systems/
signaling pathways

Proteins
Genes and gene
expression

Diagnostic and Statistical Manual of Mental
Disorders

Measurement models with latent symptom
constructs based on rating scales,
interview schedules

Measurement models with latent cognitive
constructs based on psychometric test
scores

NeuroML; CocoMac; Xanat

Ingenuity Pathways Analysis; Gene
Ontologies biological processes; KEGG
Pathway

Entrez Protein; UniProt/SwissProt; NextProt

Gene Ontologies; Entrez Gene, Gene
Expression Omnibus




Concept definition via multiple sub-constructs and test

indicators

"Cognitive control” has been
associated in PubMed
literature with RI, RS, TSS and
WM. Sampling all 5 concepts
(x30 papers) identified the
task indicators used to assess
these concepts. CCitself was
measured using only task
indicators already used to
define RI, RS and TSS.

Anti-Sac

! Cognitive Control

Choice RT RM tasks

Response
Selection

Cognitive Control Construct

Sabb FW, Bearden CE, Glahn DC, Freimer N, Parker DS, Bilder RM. Molecular Psychiatry, 2009




- Managing assertions about

brain-behavior relations using a neural

circuit description framework

- Enabling machine operations on
knowledge elements to test hypotheses
and generate new experimental designs

it g the p
does not impair WM performance

rking memory mai
requires D1 dopamine
recepior neurotransmission

Bilder, Howe & Sabb, 2013
Journal of Abnormal Psychology




Schema for Validation of Hypotheses about Neurocognitive Concepts
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