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PLAN OF THE TALK

* Predicting Responses under Environmental Stresses in A. thaliana
* Transcriptional Regulation

* TR modelling

* TR Switch modelling

e Statistical inference for TRS

DDDDDDD v v
1413 | warwick

TTTTTTTTTTTTTTTTTTTTTT

Bexdl University of
St Andrews




PREDICTING RESPONSES IN ENVIRONMENTAL STRESSES IN A. THALIANA
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PREDICTING RESPONSES IN ENVIRONMENTAL STRESSES IN A. THALIANA

network inference

® Observe plants under various environmental stress
® Measure gene expression (microarray) in multiple time-points

Giorgos Minas, Inferring transcription regulation logic using the TRS model



PREDICTING RESPONSES IN ENVIRONMENTAL STRESSES IN A. THALIANA
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PREDICTING RESPONSES IN ENVIRONMENTAL STRESSES IN A. THALIANA
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network inference
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PREDICTING RESPONSES IN ENVIRONMENTAL STRESSES IN A. THALIANA

Time course
Microarray data botrytis
. :ésenescence
fxg o | /pseudomonas
x"x xxx
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T i) Arabidopsis infected with Botrytis cinerea

Develop a model of transcription regulation between the genes that

are identified to be active and important under the stresses.

Giorgos Minas, Inferring transcription regulation logic using the TRS model



FROM GENES TO PROTEINS

nucleotides

Giorgos Minas, Inferring transcription regulation logic using the TRS model



FROM GENES T0 PROTEINS
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DNA
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FROM GENES TO PROTEINS

transcription
factor transcription

RNA
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Transcription Factors (TFs) protein@
are proteins that along

with other molecules

enable transcription of
genes

Giorgos Minas, Inferring transcription regulation logic using the TRS model




TRANSCRIPTIONAL REGULATION-ACTIVATION

messenger RNA

translation

protein \'

= o
"@3 , transcription levels

But can also increase

Univer

%ﬂ St Andrews‘ 1413 ‘ WA RWICK



TRANSCRIPTIONAL REGULATION-REPRESSION
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TRANSCRIPTION REGULATION MODELLING

> A large number of different models for dynamic & static observations, and
for binary, discrete & continuous state spaces.

Graph of a simple example
of transcriptional regulation

Giorgos Minas, Inferring transcription regulation logic using the TRS model



TRANSCRIPTION REGULATION MODELLING

> A large number of different models for dynamic & static observations, and
for binary, discrete & continuous state spaces.

» For dynamic (time-series) observations with continuous R state space,
the mRNA expression is often modelled as the ODE

dd—]\f () — SM (1)

7(t): transcription (birth) rate .
- o= v |

0: degradation (decay) rate

which can be also written in regression form,

M(t) = M)+ f(t,7,9)
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TRANSCRIPTION REGULATION MODELLING

» For dynamic (time-series) observations with continuous R state space,
the mRINA expression is often modelled as the ODE

dM
— = (1) — OM(t)
7(t): transcription (birth) rate

0: degradation (decay) rate El

where some of the models used for transcription are

T(t) = ap + a1 Py, (1) + aa Py, (t) + . ..

T(t) = ap + a1 Py, (t) + aa Py, (t) + a12 Py, (1) Py, (1) + . ..
T(t) = ao + o1 f1(Pg, (1), 01) + az fa(Pe,, 02)(1) +
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TRANSCRIPTION REGULATION MODELLING

> For dynamic (time-series) observations with continuous R state space,
the mRNA expression is often modelled as the ODE

aM
— = =(t) — OM(t)
7(t): transcription (birth) rate

0: degradation (decay) rate E

where some of the models used for transcription are

T(t) — (X -+ alqul (t) -+ OéQP¢2 (t) =+ ...
T(t) = Qp T 041P¢1 (t) + &2P§b2 (t) + 0412P¢1 (t)P¢2 (t) T ...
T(t) = ao + a1 f1(Py, (1), 01) + aafa(Py,, 02)(t) +

Challenges: interpretability, identifiability, speed, accuracy/fit to data

Univer
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TRANSCRIPTION REGULATION MODELLING

» For dynamic (time-series) observations with continuous R state space,
the mRNA expression is often modelled as the ODE

k=1,2,.. \@ (:::) : Z(::)( P2
(&xpammen&) —0 ! .

. transcription (birth) rate

i e [P
5 . degradatlon (decay) rate
where, some of the models used for transcription are
k k k k k
r® (1) = af? + VP )+ SV PP 1)+

r M () = af + oV I (1) + o P (8) + oy P (P (8) + .
k k k k k k k k
r® 1) = al? + o 1B (PF (1), 00) + ol 159 (PR 0,)(1) +

Challenges: interpretability, identifiability, speed, accuracy/fit to data
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TRANSCRIPTION REGULATION SWITCH (TRS) MODEL

e The mRNA expression of the target gene

Experiment 1

Experiment 2
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(a) Example of the TRS model
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(b) Diagram of the regulation logic in the above model

dAM (k)

i

_ SM ) (t)

where the transcription rate

70,

71,

Tq,

threshold pg,.

L €
L €

:0781]7

:817 82)7

t € [qu Sq—l-l]v
* The switches s; occur when one of
regulators ¢1, ¢a, . ..

, Oy, Crosses its

*The T-rates are forced to be the same in
time-intervals where all regulators are
at the same activation state
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TRANSCRIPTION REGULATION SWITCH (TRS) MODEL

e The mRINA expression of the target gene

Experiment 1 Experiment 2

-

?;}qﬁ: //
RN RN
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4D ﬁ? Ee) 42

Biological assumption 1:
transcriptional switches are

large changes in
the TF’s levels

dM
——y
- =T(t)

— SM(t)

where the transcription rate

T0 5 L E
T, t¢&

:0781]7

:81,82),

gyt € [Sq; Sq+1);
* The switches s; occur when one of

regulators ¢1, 92, . .-

) P

crosses its Py, threshold.

*The T-rates are forced to be the same in
time-intervals where all regulators are
at the same activation state
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TRANSCRIPTION REGULATION SWITCH (TRS) MODEL

Experiment 1

Experiment 2
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the network may be active In
different times & conditions.

Biological assumption 2:
The gene network is always

e) )

rent parts of

« The mRNA expression of the target gene
dM

dt
where the transcription rate

To, U E :0,81],

71, L € _81,82),

— 7(t) — SM(t)

Tg, 1€ [qu 3q+1]7
* The switches s; occur when one of

regulators ¢1, ¢a, ..., @, crosses its
threshold p

*The T -rates are forced to be the same

_ in time-intervals where all regulators

are at the same activation state.
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TRANSCRIPTION REGULATION SWITCH (TRS) MODEL

Experiment | | Experiment 2 « The mRNA expression of the target gene

=’ 0 1 /1/_\1\ dM
. ¢1/ \ Py =7(t) — OM(t)
oo, 0) Q//l/ 0 | 1 where the transcription rate

| (]

The TRS model targets

biologically interpretable
TO s descriptions of gene

regulation
/\ : q> q q—|— ’
* The switches s; occur when one of

regulators ¢1, ¢a, ..., ¢p crosses its
threshold ps,.

*The T-rates are forced to be the same in
time-intervals where all regulators are
at the same activation state

University of
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TRANSCRIPTION REGULATION SWITCH (TRS) MODEL

Experiment 1 Experiment 2 e The mRINA expression of the target gene
- Jo +—1|r 4 0 AM
s / \ T T ( ) — ( )

' - - - where the transcription rate
S 0 0//1/1
=42 0 //l/._ . (0. t€]0.s1].

The model can be written as a linear regression with coefficients the
T-rates of ONLY the observed TF states a1, a2, ..., Q4

M(t) = M(0) fo(t,0) + Ta, [1(Ta,,0) + - + Ta, fo(Ta,, 0)
» parameter identifiability
\| l/ S~ | «The switches s; occur when one of

(T) () 2) .
t2 ple of the TRSSino - : T@gUlatOTS ¢17 ¢2’ Tt ¢n Crosses its
threshold po,.

*The T-rates are forced to be the same in
woGve model time-intervals where all regulators are
at the same activation state

(b) Diagram of th®mag

ation logic in thg
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INFERENCE FOR THE TRS MODEL

» The model extends to multiple
experimental conditions

Y;(t) = Mgtg) + €51

j=1,2,...,J (experiment)

» The parameter vector includes
> number of regulators
> identity of regulators
> their activation threshold
> and the T-rates

which imply the regulation mechanism

e The mRNA expression of the target gene

dM
— =7(t) = M ()

where the transcription rate
To, U E O, 81],

71, S _31782]7

7(t) =

Tk, S [Ska Sk—l—l]
* The switches s; occur when one of

regulators ¢1, ¢2, ..., P, crosses its
threshold py,.

*The T-rates are forced to be the same in
time-intervals where all regulators are
at the same activation state
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INFERENCE FOR THE TRS MODEL

» The model extends to multiple » The mRNA expression of the target gene
experimental conditions dM

Yi(t) = M. (t t di
() i(t) @ ) where the transcription rate
7-(), t S 07 81]7

— 7(t) — SM(t)

j=1,2,...,J (experiment)

> The parameter vector includes (1) = T, tE[s1,52];
> number of regulators
> identity of regulators Tk, U €[Sk, Sk+1]
> their activation threshold * The switches s; occur when one of
regulators ¢1, pa, ..., dn crosses its

» and the T-rates
threshold po,.

that imply simple regulation mechanisms |
*The T-rates are forced to be the same in

time-intervals where all regulators are
at the same activation state

FOUNDED

University of v ¢
St Andrews | 1413 | warwick




INFERENCE FOR THE TRS MODEL

> The model extends to multiple e The mRNA expression of the target gene
experimental conditions dM
P L ) — M)
Yj(t) = M;(t) + ¢ (t) a
| where the transcription rate
j=1,2,...,J (experiment) 0, Le0,s],

» The parameter vector includes () T1, t€[s1,52],

> number of regulators

Tk, S [Ska Sk—l—l]
. occur when one of

regulators ¢1, ¢a,..7,@y) crosses its
threshold pg,.

> identity of regulators
» their activation threshold
» and the T-rates

which imply the regulation mechanism |
*The T-rates are forced to be the same in

time-intervals where all regulators are
at the same activation state
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INFERENCE FOR THE TRS MODEL

> The model extends to multiple
experimental conditions

Yj(t) = M;(t) +€;(¢)
j=1,2,...,J (experiment)
> The parameter vector includes

> number of regulators

> identity of regulators —

e The mRNA expression of the target gene

dM
— = 7(t) =M ()

where the transcription rate
To, 1€ O, 81],

71, S _81782]7

7(t) =

Tk, Ut E [Sk,Sk_H]

» their activation threshold
» and the T-rates

which imply the regulation mechanism

itches s; occur when one of

regulatorrosses its

threshold po,.

*The T-rates are forced to be the same in
time-intervals where all regulators are
at the same activation state
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INFERENCE FOR THE TRS MODEL

» The model extends to multiple » The mRINA expression of the target gene
mental conditi dM
experimental conditions AM _ o sM
Y;(t) = M;(t) + €;(¢) di

where the transcription rate
To, 1€ O, 81],

71, S _31782]7

j=1,2,...,J (experiment)

» The parameter vector includes e
> number of regulators

> identity of regulators Ty t €[Sk, Skt1]

> their activation threshold * The switches s; occur when one of

tlators crosses its
» and the T-rates P15 P25+ Pn

which imply the regulation mechanism |
*The T-rates are forced to be the same in

time-intervals where all regulators are
at the same activation state
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INFERENCE FOR THE TRS MODEL

» The model extends to multiple » The mRNA expression of the target gene
experimental conditions dM
F 0 ) — oM (t)
Yj(t) = M;(t) + ¢ (t) a
| where the transcription rate
j=1,2,...,J (experiment) tel0,s],
> The parameter vector includes t € [s1,52),

> number of regulators

L € [Sk, Sk_|_1]
* The switches s; occur when one of

regulators ¢1, o, ..., ¢, crosses its
threshold pg,.

> identity of regulators
> their activation threshol
> and the 7-rates
which imply the regulation mechanism
*The T-rates are forced to be the same in

time-intervals where all regulators are
at the same activation state
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INFERENCE FOR THE TRS MODEL

» The model extends to multiple
experimental conditions

Y;(t) = M;(t) +€;(¢)

j=1,2,...,J (experiment)

» The parameter vector includes
> number of regulators
> identity of regulators
> their activation threshold
> and the T-rates

which imply the regulation mechanism

e The mRNA expression of the target gene

dM
— =7(t) = M ()

where the transcription rate
To, 1€ O, 81],

71, S _31782]7

7(t) =

Tk, S [Ska Sk—l—l]
* The switches s; occur when one of

regulators ¢1, o, ..., ¢, crosses its
threshold pg,.

*The T-rates are forced to be the same in
time-intervals where all regulators are
at the same activation state
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INFERENCE FOR THE TRS MODEL

> The model extends to multiple
experimental conditions

Y;(t) = M;(t) +€;(¢)

j=1,2,...,J (experiment)

» The parameter vector includes
> number of regulators
> identity of regulators
> their activation threshold
> and the T-rates
which imply the regulation mechanism

> We use a trans-dimensional
RJMCMC algorithm to infer the
parameters

e The mRNA expression of the target gene

dM
— = 7(t) = sM(®

where the transcription rate
To, 1€ O, 81],

71, S _81782]7

7(t) =

Tk, S [Ska Sk—l—l]
* The switches s; occur when one of

regulators ¢1, o, ..., ¢, crosses its
threshold pg,.

*The T-rates are forced to be the same in
time-intervals where all regulators are
at the same activation state
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APPLICATION OF TRS T0 A. THALIANA MICROARRAY DATA

x103
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Regulators’ profiles
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Target gene
ANAC092
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e Microarray (time-series) data:
> Three experimental conditions
> Four replicates

> Twenty candidate regulators
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APPLICATION OF TRS T0 A. THALIANA MICROARRAY DATA
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» TRS can infer the parameters and
unravel biologically interpretable
mechanisms that are consistent
across multiple experiments.

> Good balance between model
interpretability and model
wdentifiability

» Qutput: posterior probabilities for all
possible regulation models

Diagram of the a posteriori most likely
regulation mechanisms
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Regulators’ profiles

Target gene

APPLICATION OF TRS T0 A. THALIANA MICROARRAY DATA

<103 botcin  pshpA psDC3000 > TRS can infer the parameters and

§1o | N unravel biologically interpretable
& 5 _/\/ \dl/ !/ mechanisms that are consistent
0 across multiple experiments.
©10 /\ A > Good balance between model
m . o]
G 51— 7 ~ interpretability and model
O el . . . % K
identifiabulity
§ 5 /‘r\ /—\ / > Qutput: posterior probabilities for all
s = ; > possible regulation models
2.6
1.5
0.9
8.1
% 10 >§<:$X ) gxgi
X XIR X X % £ x*
= ° mﬁ‘»\;% gz ] e« | TRS software:
< guade L __ 3%”‘16’&& implemented in MATLAB available at
ey e ime  https://github.com/giorgosminas/TRS

FOUNDED

1413 | yaku

WARWICK

TTTTTTTTTTTTTTTTTTTTTT

University of
St Andrews



https://github.com/giorgosminas/TRS

INSTEAD OF SUMMARY

Data Driven Approaches Hypothesis-driven approaches
Mechanistic models

‘ more data
more simple models
more complex models'
more knowledge

action Networks
kov processes .= .

Bifurcation theory ;‘j
Catastrophe theory P

S - 1
Nldl}lm A garget Sequence

] L

Guide R Dafyd Jenkins

& David Rand

, A | Barbel Finkenstadt

bioscience for the future” = = - Katherine Denby

T—Y

Giorgos Minas, Inferring transcription regulation logic using the TRS model b4



