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HOW I HAVE STRUCTURED MY TALK

1. Introduction
2. Clinical linguistics: struggling with symptoms and causes
3. Bridging genes to language (and vice versa)

4. Putting the focus on brain oscillations

5. Conclusions and future prospects
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2. Clinical linguistics: struggling with symptoms and causes
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Top variability
 10% heterogeneity

Bottom
10% 4

comorbidity (= subtypes?)
The same symptoms are Symptoms changes from one
found in different disorders subject to another
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Top variability
10%  10% heterogeneity

comorbidity (= subtypes?)
The same symptoms are Symptoms changes from one
found in different disorders subject to another
‘ ‘0 é ""
: ol
“‘:‘“‘ : ....On
One (broad) cognitive deficit Different deficits contributing

causing different disorders? to the same disorder?




Cerebellar dysfunction

Deficit in the capacity
for processing (and
discriminating among)
sensorial impulses of
acoustic nature which
quickly follow one
another

Deficit in the capacity
for visual processing

Dysfunction of the
magnocellular pathway

" Dyslexia SLI
/' \ o \
/ Deficit of the phonological

| «KErosi

ADHD Autism Deficit in auditory

temporal processing

Morphosyntactic
deficit

processing capacity/phonological | ==-===cca9 g D

(short-term) memory

Rolandic epilpesy (BCECT S)

comorbid disorders

~—p underlying deficit
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Problems concern to quite broad
aspects of language

relevant for linguistic
theory?

>

What is impaired here?




Rapin and Allen (1983)®

SLI

Research Group

KEIO/1

Phonologic syntactic syndrome (with or without oromotor dysfunction)

Severe expressive syndrome with good comprehension

Verbal auditory agnosia (phonetic decoding deficit)

Syntactic-pragmatic syndrome

Semantic-pragmatic syndrome wnhout autism (“cocktaﬂ party” speech)

Mute autistic syndrome
Autistic syndrome with echolalia
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Problems concern to quite broad
aspects of language

relevant for linguistic
theory?
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What is impaired here?
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NN - -

Problems concern to quite broad Symptoms change during the life
aspects of language span

relevant for linguistic A A
theory? - .

2 : =

- Development is worth | =

- considering! -

:

Environment too!

What is impaired here?
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"To understand developmental outcomes, it is vital to
identify full developmental trajectories, to assess
how progressive change occurs from infancy
onwards, and how parts of the developing system
may interact with other parts differently at
different times across ontogenesis”

Karmiloff-Smith (2009: 58)
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"To understand developmental outcomes, it is vital to
identify full developmental trajectories, to assess
how progressive change occurs from infancy
onwards, and how parts of the developing system
may interact with other parts differently at
different times across ontogenesis”

Karmiloff-Smith (2009: 58)

=> Disordered systems are adaptative € compensations
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The disordered areas are found
impaired in other disorders The disordered areas give rise
to mixed symptoms

>
>

comorbidity o’ heterogeneity (= subtypes?)

E EEEEEEEEER
EEEEEEEEEER
2

Are they multifunctional by
nature?

basic process?
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Ontological Incommensurability Problem (OIP): @}
The units of linguistic computation and the units of ~
neurological computation are incommensurable = the

Linquistics Neuroscience

Fundamental elements of representation (at a given analytic level)

distinctive feature dendrites, spines
syllable neuron

morpheme Independent cell-assembly/ensemble
| noun phrase developmen'r population

Pr'mC|P|ed clause cortical column

relationships
Fundamental operations on primitives (at a given analytic level)

concatenation long-term potentiation (LTP)
linearization receptive field
phrase-structure generation oscillation

semantic composition synchronization

arbitrary relationships
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Are they multifunctional by The boundaries of the involved

nature? areas are different from one
: subject to another

basic process? variability
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Other (in)specific language

Dyscalculia/acalculia  #*=+seruuen.n.......... Hise ¥
4 Left parieto-temporal region
/ (underactive in dyslexics)
Dystexia T

reading ability

SNSssssNsRsREREAgEEREREREnES

Left inferior frontal gyrus
(overactive in dyslexics)

processing subsystem Il

o \ of the dispositive for
i \ reading ability
d \
Impairment of \ Ventral portion of the left occipito-
action perception? temporal region (= VWFA region)
y (underactive in dyslexics)
Other (in)specific '
language disorders? P \
Prosopagnosia Other (in)specific

language disorders?

= (in)specific language disorder/deficit caused by the mutation of the gene
- nonlinguistic disorder/deficit caused by the mutation of the gene
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e polygenism

e polimorphism € neurotypical population
e variable penetrance

e phenocopy

e pleiotropy

e different partners = different disorders




Other (specifically?)

linguistic disorders?
4
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“Classical” candidates for dyslexia

I' Inhibition of normal

Retinal / ‘ +
angiogenesis , lymphangiogenesis
‘ '.. -
tu“ ' .4/ DYS le'x |ﬂ \
e / R KTAAO319
,*" \ ~ N
’.‘ DYXI1C1 .. “~
' . A . p
SSD ’ . - Other (in)specific
g v ADHD? language disorders?
Other (in)specific Breast Other (in)specific

language disorders? cancer?

=x]

language disorders?

® Infact, up to nine loci re
DYX9) and many additional

lated to the disorder (DYX1 to
loci which confer susceptibility

to dyslexia = risk factors for reading disability

DY X7 (DRD4?)

—-

—

(in)specific language disorder/deficit caused by the mutation of the gene
nonlinguistic disorder/deficit caused by the mutation of the gene
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(a) e
(FOXP2
p | q ' CNTNAPZ as a
Chr7 candidate for dyslexia
, CNTNAP2 >
-+ = *-e 0000004000000
FOXP2-ChIP SNPs associated
fragment with SLI and autism
(b)
A- *hhk
CNTNAP2 | 8|
i = Cel
c *hk %
Foxp2 | s FOXP2 as a molecular window into
5 o0 5 10 15 20 speech and language
Mean log, ratio of normalized mRNA Simon E. Fisher' and Constance Scharff’
et o A B e o koo B U B Gy €73 01, LK

T e—
FOXP2
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Psycomotor delay ***

CNTNAP2 as a
candidate for dyslexia

Human Genetics (2023) 142:909-925
https://doi.org/10.1007/500439-023-02552-2

ORIGINAL INVESTIGATION ;"

Other NPsy e

updates

Genotype-phenotype correlation in contactin-associated protein-like

ID moderate to 2 (CNTNAP-2) developmental disorder
profound *

Gianluca D'Onofrio’ - Andrea Accogli®3 - Mariasavina Severino? - Haluk Caliskan® - Tomislav Kokotovi¢>© -
Antonela Blazekovic” - Kristina Gotovac Jercic’® - Silvana Markovic? - Tamara Zigman'® - Krnjak Goran'" -

Nina Barii¢'® - Vlasta Duranovic'? - Ana Ban'? - Fran Borovecki’® - Danijela Petkovi¢ Ramadza'® - Ivo Bari¢'® -
Wialid Fazeli'? - Peter Herkenrath'3 - Carla Marini' - Roberta Vittorini'® - Vykuntaraju Gowda'® - Arjan Bouman'” -
Clarissa Rocca'® - Issam Azmi Alkhawaja'® - Bibi Nazia Murtaza?® - Malik Mujaddad Ur Rehman?' - Chadi Al Alam?2 .
Gisele Nader?? . Maria Margherita Mancardi? - Thea Giacomini?? - Siddharth Srivastava?* - Javeria Raza Alvi?° -
Hoda Tomoum?® - Sara Matricardi®” - Michele lacomino®® - Antonella Riva' - Marcello Scala' - Francesca Madia®® -
Angela Pistorio?® - Vincenzo Salpietro'” - Carlo Minetti' - Jean-Baptiste Riviére3%3!. Myriam Srour3>33.

Stephanie Efthymiou'” - Reza Maroofian'” - Henry Houlden'” - Sonja Catherine Vernes3*35 . Federico Zara'?’ -
Pasquale Striano'3% . Vanja Nagy>¢®

Hyporeflexia *

Failure to thrive

Comorbld'tles Received: 18 February 2023 / Accepted: 3 April 2023 / Published online: 14 May 2023
©The Author(s) 2023

Dysmorphysms

Language
impairment *
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Normal Early
population communicative CNTNAPZ as a

didate for dyslexi
behaviour canaiqate Ior ayslexia

Early
communicative

behaviour

Early
communicative

behaviour

European Journal of Human Genetics (2014) 22, 171-178 @
© 2014 Macmillan Publishers Limited All rights reserved 1018-4813/14

www.nature.com/ejhg

Shining a light on CNTNAPZ2: complex functions to
complex disorders

Pedro Rodenas-Cuadrado!, Joses Ho'*? and Sonja C Vernes* !
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Other (specifically?)

nature genetics

Article https://doi.org/10.1038/s41588-022-01192-y

Discovery of 42 genome-wide significantloci
associated with dyslexia

Received: 28 August 2021 Catherine Doust', Pierre Fontanillas ®?, Else Eising ®?, Scott D. Gordon ®*,
Zhengjun Wang ®°, Gokberk Alag6z®, Barbara Molz®?, 23andMe Research

Team*, Quantitative Trait Working Group of the GenLang Consortium*,

Accepted: 23 August 2022

Published online: 20 October 2022 Beate St Pourcain ®*%’, Clyde Francks ® *%, Riccardo E. Marioni ®°,
Jingjing Zhao?®, Silvia Paracchini®, Joel B. Talcott®'°, Anthony P. Monaco®",
®|Check for updates JohnF. Stein®, Jeffrey R. Gruen ®®, Richard K. Olson ® 5, Erik G. Willcutt™,

John C. DeFries'*", Bruce F. Pennington'®, Shelley D. Smith",
Margaret J. Wright ®'®, Nicholas G. Martin®*, Adam Auton, Timothy C. Bates®’,
Simon E. Fisher ®*° and Michelle Luciano ®'

»  (in)specificlanguage disorder/deficit caused by The mufafion of The gene
—  nonlinguistic disorder/deficit caused by the mutation of the gene
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Other (specifically?)

Penetrance

Most variants
identified by
GWA studies

Hard to identify
genetically

Allele
frequency
Very rare 0.001 Rare 001 'Uncommon| 9! |Common
NATURE REVIEWS | GENETICS VOLUME 9 | MAY 2008 | 367
LMMBPPFELTTTL TUNMYUULE UTOUTUET F U TTLTT LUUSEW Iy T TMiUTaTimar o Tne yerms

——  nonlinguisticdisorder/deficit caused by the mutation of the gene




Leading Edge

An Expanded View of Complex Traits:
From Polygenic to Omnigenic

Evan A. Boyle,"-* Yang I. Li,"* and Jonathan K. Pritchard’.2:3*

Department of Genetics

2Department of Biology

SHoward Hughes Medical Institute

Stanford University, Stanford, CA 94305, USA

*Correspondence: eaboyle@stanford.edu (E.A.B.), yangili@stanford.edu (Y.l.L.), pritch@stanford.edu (J.K.P.)
http://dx.doi.org/10.1016/j.cell.2017.05.038
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Model: Most genes affect disease risk through
highly connected cellular networks

Degrees of separation
from core genes
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Trait &

Trait B
Multiple traits

Traik O

Nail Burnashev®™-?. Damien Sanlaville!~* & Pierre Szenetowski%”—?

LETTERS

genetics

GRIN2A mutations in acquired epileptic aphasia and
related childhood focal epilepsies and encephalopathies
with speech and language dysfunction

Gaetan Lesca'~#%4, Gabrielle Rudolf-%?, Nadine Bruneau®”~?, Natalia Lozovaya’ ', Audrey Labalme'#,
Nadia Boutry-Kryza®#'!, Manal Salmi*”*, Timur Tsintsadze*"*, Laura Addis'?, Jacques Motte®!?,
Sukhvir Wright'4, Vera Tsintsadze”®, Anne Michel'%, Diane Doummar'®, Karine Lascelles'”, Lisa Strug'®1%,
Patrick Watel.'_sl:.dlzuulitla de Bellescize®, F?.;c;l Vrielynck?!, Ann:_::le Saint Ma_min"'-:i, Dol.'m.helg Ville2, European Journal of Human Genetics (2014) 22, 171-178 @
Philippe Ryvlin" =", Alexis Arzimanoglou®~, Edouard Hirsch®"*, Angela Vincent'?, Deb Pal', © 2014 Macmillan Publishers Limited Al rights reserved 1018-4813/14

www.nature.com/ejhg

Shining a light on CNTNAPZ2: complex functions to
complex disorders

*,1,3

Pedro Rodenas-Cuadrado?, Joses Ho'? and Sonja C Vernes
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Trait A

Trait B

Trait C

D
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Development
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4 "Healthy" state

"Pathologic" state

Neuron

CellPress

From Maps to Multi-dimensional Network
Mechanisms of Mental Disorders

Urs Braun,' Axel Schaefer,’ Richard F. Betzel,” Heike Tost,’ Andreas Meyer-Lindenberg,' and Danielle S. Bassett?%”
'Central Institute of Mental Health, Medical Faculty Mannheim/University of Heidelberg, 68159 Mannheim, Germany

?Department of Bioengineering, University of Pennsylvania, Philadelphia, PA 19104, USA

2Department of Electrical and Systems Engineering, University of Pennsylvania, Philadelphia, PA 19104, USA

*Correspondence: dsb@seas.upenn.edu

https://doi.org/10.1016/j.neuron.2017.11.007
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Language Phenome

Cognitive functions Cognome

Neural synchronization

O M I CS Neural wiring Connectome

A Journal of Integrative Biology bNe“_“‘ populations and
Taln areas

Editor-in-Chief
Eugene Kolker

Codes for neural

Toponome
development and assembly

Signalling pathways Organome

Protein interactions Interactome

Transcriptome

Epigenetic modifications Epigenome
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Neurobiology of Stress 12 (2020) 100223

Contents lists available at ScienceDirect
NEUROBIO
OF STR

Neurobiology of Stress

journal homepage: www.elsevier.com/locate/ynstr

Dyslexia as an adaptation to cortico-limbic stress system reactivity

Check for
updates

John R. Kershner

University of Toronto, Dept of Applied Psychology University of Toronto, Toronto, ON M5S 1A1, Canada

brain -
sciences @\Py

Opinion
Developmental Dyslexia: Environment Matters

Daniela Theodoridou !, Pavlos Christodoulides 2, Victoria Zakopoulou 3 and Maria Syrrou *

Laboratory of Biology, Faculty of Medicine, School of Health Sciences, University of Ioannina,
45110 Ioannina, Greece; danielatheodoridou@gmail.com

Laboratory of Physiology, Faculty of Medicine, School of Health Sciences, University of Ioannina,
45110 Ioannina, Greece; pchristo@uoi.gr

Department of Speech and Language Therapy, School of Health Sciences, University of Ioannina,
45110 Ioannina, Greece; vzakop@uoi.gr

Correspondence: msyrrou@uoi.gr; Tel.: +30-2651007612
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HOW I HAVE STRUCTURED MY TALK

3. Bridging genes to language (and vice versa)



Thei H Ezndbook of
Clinical _
Linguistics

Edited by
Martin J. Ball, Nicole Miiller,
and Elizabeth Spencer

WILEY Blackwell

DE GRUYTER

Noam Chomsky

CURRENT ISSUES IN
LINGUISTIC THEORY

JANUA LINGUARUM. SERIES MINOR

KEIO/1



CLASSIFICATION oF

DEVELOPMENTAL &~
L ANGUAGE DISORDERS

Theoretical Issues and Clinical Implications

Edited by
Ludo Verhoeven * Hans van Balkom

PARTIL: TYPOLOGY

7

10

11

12

Speech Output Disorders

Ben Maassen

Central Auditory Processing
Jack Katz and Kim Tillery

Lexical Deficits in Specific Language Impairment
Laurence B. Leonard and Patricia Deevy

Morphological Disorders
Dorit Ravid, Ronit Levie, and Galit Avivi Ben-Zvi

Grammatical Impairment: An Overview
and a Sketch of Dutch
Jan de Jong

Pragmatic Disability in Children With Specific
Language Impairments
Hans van Balkom and Ludo Verhoeven

KEIO/1

173

175
191
209

235

261

283



o

Cogznitive

Linguistic Theornies

Construction Grammar
{Filmors, Kay, Lakoff)

Connac ionism
{Meural Metworks)

Cognitive Grammar

i Langacker)

Functional
{Language isa ool
with a specitic funciion)

| «KErosi

Structural

[L:Lng.lug-: i= o e ktional
syskem, e ol semantcs)

Formal

(Use tormal rigor) Kope nhagen

Frague

AmeETican

~

[~/

SructuraFF unctional
{Term by B utler)

IEirtinet

Lrstri butionalism
{nmmth-crientad, Harris)

l

Rl and Relerence
Grrammar
{Faley, %an Walin)

il

Descriptivism
(kingusgge documentaticn,
B leomticld §

¥

Systemic Functional
Grrammear [Halliday )

Immeadiak Constituents
(Bloomtield, Welk)

If a linguistic analysis is correct,
it identifies

computations/representations

-~

Generative Gramner
(Chomsky, Jac ke ndaoff)

/

Functional Grammar
(k)

Cass Grammar
(Filmome )

that are computed [in real time]

in the minds/brains of speakers

3

F

Linguistic Wars

Functional Dicourss
Grrammar
(Hengeveld, Mackenzie)

Orptimailty T heory
(Prince, Smolensky,
MeCarthy)

Uniticational
Grram mans

el Ha

Fost-Linguistic-Wars
Grenerative Grammer
(Jockendoft)

Head-Diriven
Phras 5 ructur:
Grammar { Polland, Saz)

Lexical Func tional
Grrammar
(Bresnan, Kaplan)




“To understand any developmental syndrome, it is
essential to distinguish between the behavioral
phenotype (based on scores from standardized tests
of overt behavior) and the cognitive phenotype
(based on in-depth analyses of the mental processes
underlying the overt behavior)”

Karmiloff-Smith (2008: 693)

KEIO/1

4‘2 Research into Williams
Syndrome: The State of the Art

ANNETTE KARMILOFF-SMITH




Developmental Language Disorders:
Mosologic Considerations

ISABELLE RAPIN
DORIS A ALLEN

Preschool chikdren who fail o develop effective speach at the expected age
and whose behavior is often abercant present a serious challenge o parents,
educators, specch and lagguage patholopists, and physicians, In fact, their
prichlem is sa poorly understood. cven today, thal there i o gemeral
agreement on a classification of disorders presenting with these symptams,
We have no firm evidence of their cause, we cannot predict a likely cutcome
with assurance, and we have few hard data on the cffectiveness of our
nlervention programs.

Thiz chapter is a preliminary attempt by a child nearclogist and a
developmental psycholinguist Lo bring some conceptual order to the problem
of children with developmental language disability (DLDY). This attempt is
clinically hased and does not have the sigor of systematically collected
experimental data. It also lacks the underpinnings that could have been
provided if newropsychelogic tests, EEGs, and computerieed transaxial
wmography (CT) scans had been available for all the children. Bat, as
pointad out by Benton (1978), clinical and experimental methods wre
complementary, and cliniczl observation iz often a necessary firsl step Lo
later, more focused experimental studies.
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1. There are less disorders than causes of disorders

X Mental Retardation




| «KErosi

1. There are less disorders than causes of disorders
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2. The variability exhibited by neurodiverse people is
greater than the variability observed in neurotypical subjects
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3. Breakdowns and compensations never occur randomly
* some aspects of language are particularly vulnerable
* some aspects of language are particularly resistant to

damage
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1. There are less disorders than causes of disorders

2. The variability exhibited by neurodiverse people is
greater than the variability observed in neurotypical subjects
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1. There are less disorders than causes of disorders

2. The variability exhibited by neurodiverse people is
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1. There are less disorders than causes of disorders

2. The variability exhibited by neurodiverse people is
greater than the variability observed in neurotypical subjects

3. Breakdowns and compensations never occur randomly

Robust
D
h
— =
) S;: O
9§ ST g
diversity nlp o & 5 Sy = speech_understanding
G gy evaluate | Processing L © 8
S5.,88 s @
;2Eig sl =
g 38 Ielzarr? =
cognitive ensglis
d§course knOWIEdge o s

social t h
natural pattem ology second-language eac understand



-
/// -h\\"‘x.__\_\_.
NP VP
/\__\.\ //_/'\_\
¥ CP

1. There arel »«

2. The varia
greater thar

3. Breakdoy

the children

hope J
N

C 5
/’/'.-h‘ T
that  NF ) VP
o
/’/ T /\ x"\.
Det N V cr

the reacher

knows

. N

5
| /,/"""*—-h__x
that NP. VP
~ o~
/ . ~ \\
Dy NV cr
| PN
the  principal C 5
said |
that
NP VP
T o
PN N
Der N V PP
| | N
the school  c¢loses P NP
| //\\"\

/

for Det

the day

| «KErosi

2I'S

ple is
ical subjects

‘andomly




Archival Report Biogics

Genetic Markers of Human Evolution Are
Enriched in Schizophrenia
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Thomas Werge, Anders M. Dale, Srdjan Djurovic, and Ole A. Andreassen
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RESEARCH ARTICLE

Widespread signatures of positive selection in
common risk alleles associated to autism
spectrum disorder

Renato Polimanti'2*, Joel Gelernter'23*

1 Department of Psychiatry, Yale School of Medicine, West Haven, Connecticut, United States of America,
2 VA CT Healthcare Center, West Haven, Connecticut, United States of America, 3 Departments of
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HOW I HAVE STRUCTURED MY TALK

4. Putting the focus on brain oscillations
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* Brain rhythms are primitive components of
brain function

A3 e e e ekl

1 4 1l 2 1 1 1 4 1 1 )
200-600 Hz, ultra fast  +—o—i|

80-200 Hz, fast ——i

30-80 Hz, gamma —o—i
10-30 Hz, beta e
5 410 Hz, theta o
154 Hz, delta  +—e—i

==t 0.7-25 siow

=04 5-155 slow3

—e— 15405 slow 4
1 1 ] | ] 1 | ] 1 1 ]
0.05 037 272 2009 14841

Frequency (Hz)

|



| «KErosi

* Brain rhythms are primitive components of
brain function

* (Idedlly) They allow to understand (not just to
map) the brain specialization for language

Cogn Neuropsychol. 2012 February ; 29(1-2): 34-55. do1:10.1080/02643294.2012.710600.

The maps problem and the mapping problem: Two challenges
for a cognitive neuroscience of speech and language

David Poeppel

Department of Psychology, NYU, 6 Washington Place, New York, NY 10003, 212 992 7489,
david.poeppel@nyu.edu
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* Brain rhythms are primitive components of
brain function

* (Idedlly) They allow to understand (not just to
map) the brain specialization for language
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* Brain rhythms are primitive components of
brain function

* (Idedlly) They allow to understand (not just to
map) the brain specialization for language

* They connect to :
- Aspects of human biology conserved across
species
- Aspects of human biology known to vary
within the species
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YALE JOURNAL OF BIOLOGY AND MEDICINE 88 (2015), pp.25-36.

Focus: AuTISM SPECTRUM DISORDERS Y]B \Y|

BIOMARKER

Efficacy Response Prognosis
Prospective MEG Biomarkers in ASD:
Pre-Clinical Evidence and Clinical Promise
— of Electrophysiological Signatures
Identification of Russell G. Port**<, Ayesha R. Anwar’, Matthew Ku®, Gregory C. Carlson®?, Steven J. Siegeled,
specific subgroups and Timothy P.L. Roberts*"

aDepartment of Psychiatry, Perelman School of Medicine, University of Pennsvivania, *Lurie Family Foundations MEG Imaging
Center, Department of Radiology, The Children's Hospital of Philadelphia, ‘Neurosciences Graduate Group, University of
Pennsylvania, and “Bivengineering Graduate Group, University of Pennsylvania, Philadelphia, Pennsylvania

Table 1. Electrophysiological signatures of ASD and their potential for biomarker use.

Biomarker Simpleto Sensitive Specific Scale Responsive to Biological Basis Predictive
Implement Treatment
M50/100 v vy vy v / (pre-clinical) v (hypothesized) untested
Latency Delay
MMF/N v v to RDoC domain v untested less clear untested
but not clinical
label
Gamma Band o to RDoC domains, oy v o
Dysfunction but not clinical

label
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Errors in articulation, spelling,
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Problems with structural aspects of language

- phonological problems

- morphosyntactic problems
= clitics
= relative clauses
= wh-questions
" passives
= embedded clauses

Problems with pragmatics
- difficulties for understanding non-literal language

- atypical conversational exchanges
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impaired semantic knowledge and sematic integration
during sentence processing

greater reliance on auditory/phonological cues + reduced
reliance on semantics during word learning

deficit in phonological processing
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- 1ncreased variability

- delays, asynchronies, and/or deviances



altered Mental Time Travel abilities
impaired capacity for cross-modal thinking
altered Theory of Mind

increased reliance on rules
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Detie :"
Theta (~4-10Hz)
Alpha (~8-12Hz)
Beta (~10-30Hz)

Gamma (~30-100Hz)

Neural synchronization Gamma-band Dynamic Dynome
synchronization = routing detection inhibition
Involved in hrasal proessing and possibly belmg. Increased in es-clsedremg state e; edxced to be dlsrupted

Hippocampal source; embeds v to generate cyclic transfer of syntactic
objects: involved more generally in memory retrieval.

Synchronizes distant cortical regions; embeds y generated cross-cortically
to yield inter-modular set-formation; involved in lexical decision making.

When v is slowed to B and coupled with a via a basal ganglia-thalamic-
cortical loop, syntactic objects are labeled: holds objects in memory.

Generates syntactic objects before B holds them in memory; central role in
a number of linguistic operations: involved in lexical processing.

processing phrases involving raising and passives.

Reduced coherence in children; does not synergistically engage with y during
speech; predicted to be disrupted in certain memory retrieval processes.

Reduced cross-cortically: reduced resting-state a-y phase amplitude coupling:
increased in resting state; predicted to be disrupted during certain lexicalisations.

Reduced cross-frequency coupling with y: predicted to be disrupted in the
maintenance of syntactic objects in raising, passives and wh-questions.

Over-connectivity gives rise to increased y: reduced in rSTG and IIFG during
picture naming: predicted to be disrupted quite generally in linguistic cognition.

? frontiers

in Human Neuroscience
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publishod: 1B March 2016
daic 10300k 2 E.001:20
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maintenance of syntactic objects in raising, passives and wh-questions.

Over-connectivity gives rise to increased v: reduced in rSTG and IIFG during
picture naming; predicted to be disrupted quite generally in linguistic cognition.
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T Medial septal nucleus 0.00007973 003918 174 m
2 Thalamus, Sensory-motor cortex related 0.005816 02128 195 am
3 Agranular insular area, ventral part 02128 195 302
4 island of Calleja major 02128 134 300
5 Agranular insular area, darsal part, layer 5 02128 150 253
&  intermediate stratum of False 02128
7 Bed nuckei of the stria terminalis 0.0SBIE 02128
8 intermed 0.005:
9 ;T,"[T'ac;, ging) 200 0.005816 02128 186 289
10 intermediate part of 0.2128
Index  Mame pvatee AUNE zacore COTURN
1 venural sriawm 00001034 0.04531 197 610
2 superficial stratem of S 00001034 0.04531 194 02
3 Sublcusum, gorsal part 0.0a531 -1
4 Sublicutum, 0orsal part, pyramidal layer 0.05301 193
5 striatal part of oifacton perculum 0.0a531
[ Sub 'er 6D of CCx 3n
T manile zone of isEM 0.05301
&  Midbrain raphe nucle 0.06834 195
9 Orbital area, ventrolateral part, layer 5 00002660  0.05301 .73
10 corticoid layer of Tustr 00006548  0.06834 187
Index Mame “"r"m}ﬁf #score  COMBINEd
1 Bed nuclel of the stria terminalls 340387 192 2860
2 et nudel f the sria terminal, antrior serer
3 Pallidum, dal regian 3.403e-7
4 Interanteromedial nuckus of the thalamus 0.000006
5 reuniens nucleus, main part 0.00001221

d nucled of the stria terminalls, posterior
o fascicular nucleus

lateral posterior

B.82%9e.7

0.000303452

1 re G 18
madiate st 0.00001 8
10 septopallidal transition area 0.00001863
Index  Mame Pvalue ”:’:::': Z-sco0e c"'"zlc";;:
lirinal part of alar p1 0.004205 0.2245 222 131
2 ventrolateral part of alar p1
3 Striatum darsal region
4 Submedial nuclews of the thalamus
5 Lateral septal nucleus
& 19 partof paragigantoceliular nucleus
T ri0part of basomedial reticular farmation 0.04278 .
& Hippocampal region 00042 275
9 Central medial nucleus of the thalamus 0.04278 2.75
10 superfical stratum of 1784 0.04278 273
Index  Mame ‘:'_3:;“: Zscore  COMBInEd
1 manitie Zone of IsEL 0.1280
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3 substantia innominata/asal nucleus
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6 wventrolateral part of alar m1
7 ratum of Sestr
8 il
L]
10 Dorsal nuckeus raphe
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Index  Mame Pavalug “Ti:;::: Z.score “’"':"(':;:
1 renellar nudei of Cov 0.000006926  0.002135 200 1232
z riventricular stratum of cerebellar vermis  0.000006926  0.002135 198 1217
3 white matter of cerebellar vermis 0.000006926  0.002135 181 .1
4 medial ffastigial) cerebellar nucieus 0.000006926  0.002135 164 10.09
5 ntermediate stratum of cerebellar vermis 0.00007828 s 195 10.08
] pyramus (VLT granular layer 0.00007828 188 97
7 rebella 0.00007828 5678 187 968
8 cerebellar vermis 000007828 0.005678 187 9.67
9 Medulla 000007828 0.005678 186 9,64
0 Nodulus {X), molecular Layer 000007828 0.00SG7B 185 96
Index Pvalue ":"“;'Ii Zsoore  Combined
1 0000001884 0.003165 102 [IEE]
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5 1 partof superior vestibular nucleus 0.00003635
& Cerebellar nucel 0.00009%18
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o e erpositus) cerebellar P 403
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5 rhombomere 2 46399 175 3357
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9 r5 alar plate 4.008e.7 1.78
10 r3alar plate 831427 184 2579
Index  Mame M;J'djﬁs‘: 2-score c“"‘:’;:
Cerebrum 0.2922 496
Nodulus (), malecular layer 09780 434
alar plate of evaginated telencephalic vesicle 420
secondary prosencephalo 412

palium 3
MNodulu: 60
Cerebral cortex 283
Lingula (1) 99 35
Cortical plate 135
Unula (0 128
Index  Mame Poalee  Adlustd g, Combined
prvalue SEore
Retrosplenial area, veniral part, layer 1 0.1147 -1.99 431
2 ayer 3 of PCx
3 Frontal pale, cerebiral cortex
4 wentricular stratum of rico 413
5 r2 part of anteroventral cochlear nucleus 409
3 Copula pyramidis, molecular layer 405
7 ratum of r2Co 4.0
[ 397
g r3 part of d . 186
10 farebrain 181
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Gene Fixed aa Positively Differentially Enriched Oscillomic/oscillopathic
change  selected methylated in in AMH features
in in AMHs AMH skeletal DMRs
AMHs samples
AUTS?2 v T (body gene) Epilepsy
CACNAIC T (body gene) P,y
CNTNAP2 v o
COMT T (downstream o
the gene)
DYRKIA v Inhibition of neural activity
EGRI v Epilepsy
ELP4 v High amplitude
centrotemporal sharp waves
FMRI v 0,y
FOXPI v T (body gene) Epileptiform discharges
PDGFRB { (body gene) Y
ROBOI v Epilepsy
SHANK3 4 (downstream Seizures, abnormal EEG
the gene)

256  memory buffers. However, taken alongside the oscillogenomic evidence presented above — that
257  Neanderthals may have exhibited reduced cross-frequency coupling between 6 and y due to

doi 10.4436/jass. 96010 JASS
Journal of Anthropological Sciences
Vol. 96 (2018), pp. 111-124

Paleo-oscillomics: inferring aspects of Neanderthal
language abilities from gene regulation of neural
oscillations
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5. Conclusions and future prospects
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Thanks a lot for your attention!
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