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Spatiotemporal sequences during development
- Neurogenesis

- Neuronal migration

- Synaptic formation

- Dendritic arborization

- Axonal growth and myelination
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Neuronal migration
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Neuronal migration
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Example of maladaptive neuronal migration




Synaptic formation

a Adolescent Adult b Prepubertal Postpubertal

» ;L)\

)\ Pyramidal cell © " Interneuron

c d Juvenile Adult

v\ ; prefrontal pr:;rnomal
\ ex

Soma with
perineuronal net

vk R,
mation throug Why
adolescence -
20 ?\
o

Amygdala VTA Amygdala VTA



Dendritic arborization
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Axonal growth and myelination




A White matter VO|ume -------------------------------------------
............. ""4 gray matter vo'ume - T
weeks post-conception BIRTH years of age
8 16 24 32 1 2 5 10 15 20
® 1 l 1 l ® l | : : : 9
& I | 1 i ® ] ] } | | :

‘neurogenesis synaptic pruning
immune ._’__ ‘—-_—
gliogenesis

system

synaptogenesis




Single-stage

memory system Two-stage memory
< - system
]
Dendritic ;
] FPruning
spine
number

Birth

Synaptogenesis

Myelination

Adulthood




=
.g
wv
o=
]
e
A,
-
Q.
©
c
o
)

Less
dense L_1

Prefrontal
Cortex

Adolescence
—

Visual
Cortex

Conception

Birth

10 yrs. Adult
Adolescence




Timeline of spatiotemporally distinctive
human brain maturational processes
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Strength

B reward-processing

B cognitive control
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Limbic regions are flexibly recruited depending on whether a decision
context is “hot” (affectively arousing) or “cold”.

The recruitment of PFC and cognitive control is also developmentally
flexible based on information availability.
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Calculating the temporal correlation between the
fluctuations in measured electric, magnetic and
blood oxygen level-dependent signals
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The Developmental
Connectome




A Network segregation B Network integration C Hubs and rich-club

Development:

- minimizing wiring costs through reducing connection

distance;

- allowing the emergence of ‘expensive’ but adaptively
valuable topological patterns through increasing
connection distance
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Example of short-range structural connectivity changes of
postcentral gyrus in typical brain maturation from 2 to 25
years
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A decrease in the fraction of ‘low wiring-cost’ short-
range connection and the emergence of ‘expensive’
long-range connections could result in higher efficiency
of information transfer between distant brain regions



SAFs are among the slowest to myelinate, and may remain

incompletely myelinated until the third decade of life
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Intrinsic connectivity networks related to complex social
and emotional processing exhibit the largest increase in
long-range FC and decrease in diffuse short-range FC



Development:

- the nodal efficiency of the medial hubs and fronto-
medial regions is significantly increased

- the nodal efficiency of the lateral regions
decreases with age

increased integration and decreased segregation



A Functional Hubs B Development of Functional Modular Organization
Adults
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Gender differences

Significantly higher small-worldness and normalized
local clustering in females than in males
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Network maturation
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Disturbance of the balance of long-range and short-
range connections is thought to be associated with
mental disorders such as autism spectrum disorder
(ASD) and schizophrenia (S2)
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ASD and SZ are two common developmental brain disorders that
are associated with alterations in short-range connectivity.

ASD is possibly associated with “hyperconnectivity” and SZ
associated with “hypoconnectivity” in short-range connections



B Network Alterations in ASD
(i) Functional networks in ASD
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A Network Alterations in ADHD

(i) A small-world model for ADHD
ADHD Healthy
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C Network Alterations in Dyslexia

(i) Functional networks in DYS

(ii) Structural networks in DYS
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Importance of investing in adolescence
from a developmental science
perspective

Ronald E. Dahl, Nicholas B. Allen®™, Linda Wilbrecht & Ahna Ballonoff Suleiman

Nature 554, 441-450 (22 February 2018) Download Citation ¥



