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Development

How does an organism develop from a single cell?

How does a brain develop?




Cells receive signals from neighboring cells and their
environment, causing them to differentiate.
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Cell signaling

- Many mechanisms exist to transfer information to
the cell.

- This information can get communicated to the cell
nucleus causing it to change its state.

- This changes what the cell does, like what proteins
it will produce.

- |t can tell it for example, to stop growing or form a
synapse with another cell.



RTKs negins S@NSE adhesion

SLO101 r
BI-D1870,

- ) | o

v N

Late Endosome c

e
Cell Adhesion @ \yCytoplasmic Anchoring ',':,“
—> Migration

.
.
.
.
.
.
OOOOOOOOOOOOOOOOOOOOOO
".‘..C..‘..‘........ g.'x oooooooooooo

@ Ca*?-regulated
: > Exocytosis
s o ssses ....'...oooocooo-ooooooooooot'érm oooooooooooooooooooooo

00000
‘.‘...". . . CCH N Sl o e e
a'. el ‘...... ...
.......
OO

...........
0

oooo""f‘

.........

o2 »
s sh, QOOCOSEEE T g D MBpapM 0 Lo RO 00

.8
oo
S

0000
T
o

N\

( ER | Ets ( Ek1  (TIFIA (Fox03 (CREB' (ATF1 (ER81 | SRF (cFos ( ERa  (Nur77 | MITF (C/EBPg
Gt Guge) (Fax6) EFos) @ (ETVi ) (TIFIA) ( ATF4 @ Madi ( yB1
_ UBF
\= J
Transcription

Proteins involved in the MAPK/Erk pathway
Communicates surface receptors with DNA



(Gene regulation

The genome

~

/:

>~ Qutputs




(Gene regulation

+ The input proteins modify the state of the genome to
produce output proteins.

4 B

The genome

/:

>~ Qutputs




(Gene regulation

+ The input proteins modify the state of the genome to
produce output proteins.

- The relationship between these two is extremely
complex.

4 B

The genome

/:

>~ Qutputs




(Gene regulation

+ The input proteins modify the state of the genome to
produce output proteins.

- The relationship between these two is extremely
complex.

- It is intimately involved with neural development.

4 o

The genome

/:

>~ Qutputs




(Gene regulation
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Activation of eukaryotic transcription
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Biological Science, 4th edition, Freeman, 2010
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Gene networks

® (Gene expression is controlled by a highly
complex mechanism, including other genes.
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Gene networks

® (Gene expression is controlled by a highly
complex mechanism, including other genes.

® Some regulatory proteins enhance and
others repress transcription, by binding to
regulatory elements.
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Analogous to digital logic

) j : E'Hj

: BC

Relatively small number of inputs and outputs
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ENCODE project

Encyclopedia of DNA Elements

* Concluded 80% of the genome has biochemical activity.
e |t Is pervasively transcribed.

* However It Is largely not evolutionarily conserved.

* |s most of doing anything “useful”?

* There appear to be quite a few examples, but most of the

function of it is still unknown.
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The number of mMRNA in human cells ~ 500,000
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The number of mMRBNA in human cells ~ 500,000
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RNA is “sticky”. e.g. It has a lot of secondary structure
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Non-coding RNA takes about 30 - 60 minutes to degrade!
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Non-coding RNA takes about 30 - 60 minutes to degrade!

It’s certainly interacting with itself and lots of other stuff in the
nucleus!

On physical grounds, it is doing
something!



RNA Chemical equilibration
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Relaxation
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Equilibration time, of order 1s
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RNA creation

RNA Is both degraded and created. For species |

o N

TC = —C; + f(Ci, {pi})

/ dt
Time scale is of
order 30 to 60 minutes

Creation rate, f, is regulated by the total concentration of i and
the concentration of unbound molecules.
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Assumption:

All this “junk” will evolve to do something useful

.e. Inputs to the genome will give sensible outputs
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Boltzmann Machine &
Hopfield Model

Ji;'s chosen to give optimal outputs given inputs

S; — ta,nh(% Z Jiij)
J
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Neural net / RNA mapping

spin

spin coupling

. 5 = Unbound

concentration

- Jij = K < Equilibrium
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Choose creation rate
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More universal creation

F(Cudm}) = S S5 - 1) —2(1+ 22 30 SIS ey + (2 )+ 2)N)
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An ugly mess!

>_r's chosen
to be target value
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Creation function
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This system gives rise to
“Collective Regulation”

Each interaction has a minute effect but together
the regulate the genome performing precise computations.

Equivalent to a neural network



(mistakes)

N=50 species
M=3 patterns
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<mi3takes>

Fraction of mistakes as a function of number of hidden units.
Hidden units are initially scrambled.

50 neurons, 3 patterns. 2 output units.



Is this plausible?
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Use a known mechanism

Presence of RNA increases its own transcription

Possible models for how this happens:

A B
non- Codmg RNA

Recruitment of proteins
that promote TF binding

Trapping of TFs

C

@

Inhibition of proteins
that repress TF binding

“Role of non-coding RNA transcription around gene regulatory elements in transcription factor recruitment”

Naomichi Takemata and Kunihiro Ohta RNA BIOLOGY 2017




What happens with bound
RNA?

NcRNA

Additional bound noncoding
RNA increases rate further

C/p



Making a computer out of junk
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Equivalent to:

DEEP NEURAL NETWORK
Input : Hidden Hidden Hidden OQutput
layer > layer ] > layer 2 layer 3 ’ layer
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neuralnetworksanddeeplearning.com - Michael Nielsen, Yoshua Bengio, lan Goodfellow, and Aaron Courville, 2016.
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